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According to studies on ancient material, DNA from parasites can remain preserved together with the host for 

thousands of years. Not only frozen and mummified soft tissues, but also bones, tooth pulp, and coprolites can 

be used to study such microorganisms. In the environment, natural materials like resin and amber (Lambert et al., 

1998) can also preserve useful material for studying bacteria. 

Research techniques for ancient bacteria include microscopy, cell culture, immunology, and molecular biology. 

These techniques can also assist molecular typing in the epidemiological reconstruction of past epidemics and help 

improve current epidemiological models for emerging infections, thus contributing to the development of current 

preventive measures. 

German naturalist Christian Gottfried Ehrenberg (1795-1876) introduced the word Bacteria (Bacterium) as a 

scientific term in 1838. The word originates from the Greek Backterion (βακτηριου), which is the diminutive of 

baktron, or rod. The choice of the term is associated with the first observations of bacteria under the microscope, since 

the scientists thought such organisms looked like small rods. The nomenclature is used to this day (Harper, 2001). 

Bacteriological paleoparasitology thus aims primarily to identify the bacterial agents that probably infected our 

ancestors. This allows a better understanding of the various habits and customs involved in ancient health-disease 

processes, thus identifying the origins of different bacterial infections and the main routes by which these agents 

spread among peoples and environments (Palhano-Silva & Nogueira, 2005). 

We can diagnose diseases in extinct or ancient populations using various sources, such as ancient sculptures, 

drawings, and texts, abnormalities in bone records, tissues, and biological markers detected in coprolites or other 

organic remains (Oriel, 1973; Soulie, 1982; Duarte, Ferreira & Araújo, 2002; Manchester & Roberts, 1989). 

Coprolites (Greek copros, feces; litos, rock), a vast source for these studies, are ancient feces naturally preserved by 

desiccation or mineralization. They often maintain physical or even molecular remains of organisms that were present 

in the intestines of the humans and/or animals that produced them (Araújo & Ferreira, 2000). Coprolites provide 
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data on health, diet, and agricultural practices (Rollo et al., 2002) and allow recovering extensive information on the 
paleoenvironment, even reconstructing part of the food chain among organisms (Andrews & Fernandez-Jalvo, 1998). 

Until recently, bacteriological paleoparasitology was limited to the direct investigation of bone and tissue 
anomalies and their association with known diseases such as bartonellosis (Allison et al., 1974), syphilis (Rothschild 
& Rothschild, 1995), leprosy (Boldsen, 2001; Andersen, 1969), and tuberculosis (Morse, 1961; Allison, Mendoza, & 
Pezzia, 1973; Hartney, 1981). Most previous paleoparasitological studies with the detection of the etiological agent 
involved the microscopic identification of helminths. They used classic techniques of parasitological examination 
such as rehydration in trisodium phosphate aqueous solution (Callen & Cameron, 1960) followed by spontaneous 
sedimentation (Lutz, 1919) or some other concentration technique for microscopic examination of parasites eggs or 
cysts, or histological techniques with tissue preparation by paraffin inclusion or freezing (Ruffer, 1921; Reyman & 
Dowd, 1980; Ferreira, Araújo & Confalonieri, 1988). 

Although these techniques are highly effective for the parasitological detection of helminth eggs and larvae, they 
overlook important groups of organisms such as protozoa, bacteria, and viruses, not detectable by these methods. The 
expansion of molecular biology and serological reactions opened new possibilities for studying previously undetectable 
organisms. Thus, interdisciplinary scientific collaboration provides the most feasible option for studies aimed at the 
detection and characterization of these agents (Araújo et al., 1998; Pääbo, 1991; Nogueira, 2008).     

With the discovery of these new techniques, multidisciplinary studies around the world began to focus on the search 
for these organisms in an attempt to standardize methods and correlate findings with ancient epidemiological information. 

CURRENT TECHNIQUES AND RECENT HISTORY 

The use of serological techniques to identify bacteria in ancient feces allowed the successful indirect detection of 
Salmonella antigens (Sawicki, Allison & Dalton, 1976). With advances in the field, new possibilities have emerged. 

ELISA (enzyme-linked immunosorbent assay) (Voller, Bidwell & Bartlett, 1976) with monoclonal antibodies has 
been used with promising results in studies of antigens in ancient material. In Brazil, Gonçalves (2002) used this 
technique and concluded that its sensitivity exceeded that of microscopic examination to detect Giardia duodenalis. 
The researcher, with collaborators (Gonçalves et al., 2004), used a commercial kit with Entamoeba histolytica anti-
adhesin antibodies conjugated with peroxidase and showed the presence of protozoa in ancestral samples from 
5,300 before present (BP), thereby raising the possibility of also detecting bacteria with this method in the same 
type of material. 

A milestone in the history of bacterial detection in archaeological material was the discovery of deoxyribonucleic 
acid (DNA) from Mycobacterium tuberculosis in a skeleton found in an archaeological site (Spigelman & Lemma, 
1993). This unprecedented work encouraged other groups to conduct molecular studies (Salo et al., 1994; Baron, 
Hummel & Herrmann, 1996; Donoghue et al., 2004). Various studies had already been performed to detect bacterial 
diseases in mummies, but the majority were limited to searching for evidence from bone morphology (Larsen, 2002), 
potentially raising confusion with other diseases causing similar lesions. Adopting the same line, Rafi et al (1994) and 
later other researchers demonstrated the presence of Mycobacterium leprae in bones. 

With advances in these techniques, researchers used materials such as feces (Ubaldi et al., 1998), mummified 
tissues (Lowenstein, 2004; Castillo-Rojas, Cerbon & Lopez- Vidal, 2008), and dental pulp (Raoult et al., 2000) to detect 
various bacteria. 
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In Brazil, Iñiguez (1998) demonstrated the possibility of retrieving bacterial DNA from artificially desiccated feces 
using PCR. After inoculating Vibrio cholerae and Bacillus sphaericus, she successfully viewed identifiable genetic 
material from these microorganisms. 

Prat & Mendonça de Souza (2003) published a commentated review on findings of tuberculosis in populations 
from the prehistoric Americas. 

Various studies investigating bacteria in these materials have been conducted in Brazil, based mainly on molecular 
biology (Chart 1). 

Chart 1 – Summary of various findings in bacteriological paleoparasitology and the possibility of methodological authenticity

Source Site in body Mode of preservation Date Method Strength/ quality of evidence

Mycobacterium tuberculosis

Bison
(Rothschild et al., 2001)

Metacarpus Buried 17,000 BP Molecular biology A/I

Human
(Salo et al., 1994)

Lung, lymph node Mummified 1,000 BP Molecular biology B/III

Human
(Crubézy et al., 1998)

Bone Mummified 5,400 BP Molecular biology A/III

Human
(Taylor et al., 1999)

Metacarpus, lumber 
vertebra

Buried Medieval
Molecular biology and 

spoligotyping
B/III

Human
(Mays, Fysh & Taylor, 2002)

Rib Buried Medieval Molecular biology B/III

Human
(Arriaza et al., 1994)

Vertebra Buried 1,000 BP Molecular biology B/III

Human
(Haas et al., 2000a)

Mandible Buried 1400–1800 AD Molecular biology B/III

Human
(Haas et al., 2000b)

Vertebra, femur,
ankle, rib, pleura

Buried 7th–8th, 17th century Molecular biology B/III

Human
(Donoghue et al., 1998)

Lung, pleura Buried 600 AD
Chromatography, 
molecular biology

B/III

Human
(Gernaey et al., 2001)

Bone Buried 1,000 BP
Chromatography, 
molecular biology

B/III

Human
(Mays & Taylor, 2003)

Vertebra, rib Buried 400–230 BC
Molecular biology, 

spoligotyping
B/II

Human
(Zink et al., 2003)

Bone, soft tissues Mummified 2050–500 BC Molecular biology A/I

Human
(Spigelman & Lemma, 1993)

Bone Buried Not informed Molecular biology C/III

Human
(Fletcher et al., 2003)

Lung, pleura, abdomen, 
tooth, ribs, hair

Mummified 18th–19th century Molecular biology A/I

Human
(Taylor et al., 1996)

Lung, lumbar vertebra Buried 14th – 16th century Molecular biology C/III
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Chart 1 – Summary of various findings in bacteriological paleoparasitology and the possibility of methodological authenticity (continued)

Source Site in body Mode of preservation Date Method Strength/ quality of evidence

Mycobacterium leprae

Human
(Montiel et al. 2003)

Foot bones Buried 12th century Molecular biology B/II

Human
(Spigelman &

Donohue,  2001)
Metacarpi Buried 300–600 AD Molecular biology B/II

Human
(Donoghue, Holton & 

Spigelman, 2001)
Nasal bone tissue Buried 1,100 BP Molecular biology B/II

Human
(Donoghue, Holton & 

Spigelman, 2001)
Skulls Buried 1400–1800 AD Molecular biology B/II

Human
(Haas et al. 2000a)

Hard palate and skulls Buried
1400–1800 AD, 10th 

century
Molecular biology B/II

Enteric bacteria

Mastodon
(Rhodes et al., 1998)

Intestine Frozen 12,000 BP Culture C/II

Human
(Zink et al., 2000)

Metatarsus Mummified 1400 BC Molecular biology B/II

Human
(Fricker, Spigelman &

Fricker, 1997)
Stomach content Bog 300 BC Molecular biology C/III

Treponema pallidum

Human
(Kolman et al. 1999)

Bone Buried 240 BP
Immunodetection; 
Molecular biology

B/II

Borrelia burgdorferi

Ticks
(Matuschka et al. 1996)

Dry 1884 AD Molecular biology A/III

Rodents
(Marshall et al., 1994)

Dry 19th century Molecular biology B/II

Other spirochetes

Termite
(Wier et al., 2002)

Intestinal tissue Amber Miocene Microscopy A/II

Bartonella quintana

Human
(Drancourt et al., 2005)

Dental pulp Buried 4,000 BP Molecular biology A/II

Bartonella henselae

Cat
(La et al., 2004)

Dental pulp Buried 13th–18th centuries Molecular biology A/II
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Chart 1 – Summary of various findings in bacteriological paleoparasitology and the possibility of methodological authenticity (continued) 

Yersinia pestis

Human
(Drancourt et al., 2004)

Dental pulp Buried 5th-14th centuries Molecular biology A/II

Human
(Drancourt et al., 1998)

Dental pulp Buried 1590-1722 AD Molecular biology B/III

Human
(Raoult et al., 2000)

Dental pulp Buried 1348 AD Molecular biology A/II

BC – Before Christ; AD – Anno Domini; BP – Before Present

A – High evidence of authenticity; B – Moderate evidence of authenticity; C – Low evidence of authenticity 

I – Independent teams and concordant protocols; II – Single team and concordant protocols; III – Single team without protocol concordance. 

Source: Drancourt & Raoult (2005). 

Importantly, the results do not always truly express the detection of ancient bacteria. Drancourt & Raoult (2005) 
highlight the importance of extremely painstaking work, since any contamination with contemporary material can 
shed doubt on the research. 

Rigorous control of the results’ authenticity and quality is extremely important. Level A strength of evidence is 
defined as the detection of one or more original identified sequences, two identified and unrelated sequences, or at 
least one detected original sequence and another unrelated molecule. Level B is defined as moderate authenticity, 
with the identification of a specific sequence or biological molecule. Level C expresses low evidence of authenticity, in 
studies with the detection of a sequence or biological molecule with low specificity. As for the quality of evidence, the 
same authors proposed index I for studies in which two independent teams worked with concordant protocols, II for 
a single team using concordant protocols, and III for a team not using protocol concordance. 

Importantly, when searching for bacteria in archaeological material that has already been handled, such as 
coprolites, the sample should be pretreated with UV irradiation to avoid contemporary contamination (Santos, 1996; 
Nogueira et al., 2006a). 

According to a new and simple line of research for potential isolation of bacteria in ancient material, various studies 
have suggested isolating viable bacteria from organic material preserved in ice, salt crystals, or amber, considering the 
tolerance of spores to heat and low humidity over time (Seaward, Cross & Unsworth, 1976; Vreeland, Rosenzweig & 
Powers, 2000; Nicholson, 2003; Christner et al., 2003; Gatson et al., 2006; Cano & Borucki, 1995). 

In Brazil, Nogueira (2008) used external cleaning, irradiation, perforation, direct isolation, and culture to successfully 
retrieve viable bacteria from bacterial spores inside ancient South American coprolites in the Paleoparasitology Collection 
of the Sergio Arouca National School of Public Health, Oswaldo Cruz Foundation (ENSP/FIOCRUZ). After isolating 
the bacterial colonies in solid medium, she conducted biochemical studies to identity each of these microorganisms 
(Nogueira, 2007). She then performed molecular tests including PCR, cloning, and sequencing to indicate the various 
species in this material. The same researcher suggested the presence of different species from those currently circulating, 
due to the impossibility of typing them with the currently available methods (Nogueira, 2008). 

Considering the possibilities raised by these findings and recently introduced techniques, including molecular 
biology, the search for bacteria in archaeological material has huge potential to produce new data in the area of 
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epidemiological bacteriology, combining such detection with the search for evidence of infection and probable 
pathological manifestations in human or animal remains (Nogueira et al., 2006b). 

In Brazil, the research group in paleoparasitology and paleoepidemiology at ENSP/FIOCRUZ now includes a variety 
of researchers and students interested in the knowledge generated by data obtained from ancient material. Bacterial 
studies in paleoparasitology are an integral part of this context, and as they develop they complement the findings 
from related lines of research. 

Researchers are currently analyzing coprolites from the collection of the Paleoparasitology Laboratory at ENSP using 
monoclonal antibodies, molecular examination, and direct culture to detect bacteria and standardize the techniques 
for future studies. Further objectives include mapping the frequency of these agents in the material, correlating with 
the respective archaeological sites, co-infection with other agents, eating habits, and possible dispersal routes of the 
agents based on geographic data, besides dating the samples (Nogueira et al., 2005a). 

Genomic analysis of these microorganisms should improve our understanding of the determination of infections 
and diseases in light of the complexity of parasite-host-environment relationships, as well as coevolution of the 
respective species. 

INTERESTING PERSPECTIVES 

The possibility of recovering bacterial spores from coprolites raises more new prospects. Even though a coprolite 
is a metabolically inactive structure, its interior maintains all of the microorganism’s genetic information. The latent 
form, when cultivated using microbiological techniques, evolves to a vegetative form. The spores are made up of 
dipicolinic acid associated with calcium, and when compared to vegetative cells, they are extremely resistant to 
physical and chemical agents, and are refringent and highly tolerant to thermal alteration, oxidation, and desiccation, 
thus displaying a survival strategy (Setlow, 1999; Nicholson et al., 2000; Nicholson, 2003). 

The bacterial organisms of clinical importance and capable of producing these structures include genera Bacillus and 
Clostridium. However, various other related bacterial genera such as Paenibacillus, Amphibacillus, Desulfotomaculum, 
Sporosarcina, Sporolactobacillus, Sporohalobacter, Oscillospira, and Thermoactinomyces also display this capacity 
(Bergey & Holt, 1994) and can be isolated, even after having been maintained in an inadequate environment for 
bacterial organisms (Nogueira, 2008) 

ETHICAL ISSUES RELATED TO RESEARCH IN PALEOEPIDEMIOLOGY 

Another increasingly important area in this new scientific frontier involves ethical reflections pertaining to the use 
of such ancestral material. An analysis of the current ethical concepts and research projects in biomedical fields shows 
that these issues have drawn growing attention, especially when they involve human beings and their mortal remains, 
meanwhile reflecting researchers’ concern and interest in this issue (Coimbra & Santos, 1996; Schramm, 1995). 

Holloway (1995) discusses the interaction between researchers, curators, and living descendants, the latter often 
demanding that the material used for research or museum exhibits be returned to the community. The author criticizes 
the measures that have been taken to protect disinterred remains. Once exposed, information that has remained 
buried for thousands of years can be lost rapidly. The main scientific commitment should be to the preservation of 
such material. 
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A proper ethical approach to the preservation of our ancestral cultural heritage should include all possible steps 
to preserve such materials not only for the coming generations, but also for future research and interpretation. We 
should give special emphasis to the documentation produced, since it lends meaning to the collections and allows the 
production of scientific knowledge. Such documentation should remain available and under safe conditions in the 
long term (Lima, 1997). 

These essential issues must not be neglected, since they reflect the role of science in modern life, besides providing 
new ways to produce scientific knowledge (Nogueira et al., 2005b). 

CONCLUSIONS

Based on the evidence and discussions above, the preservation of ancestral material and its use as a source for 
study can become allies in the reconstruction of ancestral history. 

Part of the development of different causes in the health-disease process can be unveiled by the diverse data collected 
in these studies, ranging from historical records to new molecular techniques. However, such research can only be 
guaranteed if the researchers using the ancient material as a wellspring of knowledge take all the necessary steps to 
preserve and avoid destroying it, thus benefiting related fields in a conscientious and virtually never-ending process. 
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