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Table 1. Presence of bacterial forms in different ancient tartar samples.

Sample Bacillary Coccal Filamentous Spiral
Control” + + +
490 BP + +
Incisors
900-300 BP + + +
Atacameios
3,400 BP + +
Cerro Sotta
9,000 BP Man of Acha + +
1,600-1,300 BP + + + +
Medieval Period Spain
6,000-5,500 BP + + +
Neolithic Period Spain
12,000 BP + + +
Natufian

+: Presence of bacterial forms  BP: Before Present

*; Actual tartar

Table 2. Presence of some bacterial structures revealed
by TEM studies in human groups whose subsistence pat-
terns were agriculture.

Age and Origin Cell wall Cell membrane
900-300 BP

Atacamefios + +
1,300-600 BP

The Medieval Spanish Period +

12,000 BP

Natufian Culture +

Actual Tartar + +

+: Presence of bacterial structure; BP: Before Present

that the microbes in the ancient tartar were preserved in
a similar way to those found in the modern tartar (Lust-
mann et al., 1976; Friskopp and Hammarstrom, 1980).

A wide variation in the composition of the micro-
flora present in samples of individuals from different
extinct human groups was observed, facts that could be
related with different subsistence patterns, according to
anthropological studies by Harris (1992) of these human
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Figures 10-14 on the facing page 1011

Figure 10. Transmission electron micrograph of decal-
cified tartar samples. (A) Atacamefios culture; cell
walls (a) and cell membrane (b) are visible; (B) Medie-
val Spanish period; cell wall (a) and a cell division (c)
can be seen. Both figures are at the same magnification.

Figure 11. Transmission electron micrograph of a
decalcified tartar sample (Natufian culture) showing a
cell wall (a).

Figure 12. Transmission electron micrograph of an
isolated S. murans sample used as control. Cell wall (a)
and cell membrane (b).

Figure 13. Indirect immunofluorescence micrograph
(original in color) of a tartar sample (12000 BP). The
positive reaction was obtained with anti-S. mutans
antiserum.

Figure 14. Indirect immunofluorescence micrograph
(original in color) of a S. mutans sample isolated from
saliva showing a positive reaction with anti-S. mutans
antiserum.
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groups. The tartar samples from Chonos, Acha and
Cerro La Sotta belonged to hunters, fishermen and gath-
erers, located in restricted geographical zones. Appar-
ently, they had less diversity of microbial morphotypes
than the groups of Sant Pau del Camp, a Spanish burial
site of the Neolithic period which had a mixed economy:
agriculturalist, hunter-gatherer or fisherman (Lalueza
and Pérez, 1993; Lalueza et al., 1993). These samples
exhibited a diversity of densely arranged microbial mor-
photypes, which can be explained in part by the inclu-
sion of wild cereals to their subsistence pattern. Tartar
samples from the agricultural human groups namely, At-
acameifios, La Olmeda and Natufian, from different and
distant geographic locations, showed a remarkable diver-
sity of microbial flora, expressed as a wide variety of
morphotypes (Hole, 1992). The spiral morphotypes, in
particular those found in the La Olmeda and Natufian
groups, are in agreement with the morphological de-
scription by Dobney and Brothwell (1986). The compo-
sition of the microflora in the tartar from farmers can
also be attributed to their dietary habits, which also can
account for the most prevalent occlusal dental caries ob-
served in these individuals in relation to hunters and
gatherers (Moore and Corbett, 1971). It is well known
that some cereals contain significant amounts of sucrose
(Coykendall, 1976). The diet of the hunters-gatherers
and fishermen was abrasive, a situation that was aggra-
vated by the habit of using the mouth as a leather tan-
ning tool. Both of these factors are involved in the at-
trition of the occlusal surfaces of the teeth, and the loss
of these surfaces as food retentive zones, this could ex-
plain the absence of carious lesions in those teeth (Linos-
sier et al., 1994). If the unbalance of the oral micro-
flora is determined by diet, the low level of mutans
streptococci suggested by this work would be consistent
with the find that ancient populations did not consume
refined sucrose. Moreover, that was probably the rea-
son that the type of dental caries occurring in those days
was mainly found at the occlusal and the root surfaces
(Coykendall, 1976). When sucrose became an important
component of the diet, the oral microflora changed in
quantity and quality, so at present, with a population that
consumes large amounts of sucrose, a substantial
increase of smooth dental decay is seen (Mouton and
Robert, 1995).

TEM "in vitro" (Sidaway, 1980) and "in vivo"
(Ruzicka, 1984) studies of dental calculi revealed Gram
positive bacterial structures such as the bacterial wall,
cytoplasm and cell membrane. This latter structure
could not be observed in dental tartar bacteria from the
Spanish middle age and Natufiant culture. These obser-
vations indicate that the bacterial wall is the most per-
manent structure through time (Table 2). Our results in
control samples were in agreement with the work of
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Moro et al. (1986), on TEM observations of S. mutans
isolated from the mouth, in fresh cultures.

The IIF technique allowed us to detect ancient bac-
teria that reacted with anti S. mutans polyclonal antibod-
ies. Quite probably, the same antigens involved in ad-
herence could be preserved. At present, some of these
antigens, probably proteins, can be shared with other
species such as protein 1//II, which is an important fac-
tor in the adherence of S. mutans to the salivary glyco-
proteins surrounding the teeth (Bleisweis and Oyston,
1993). If some of the cell antigens of S. mutans can be
resistant to environmental changes, this is probably due
to the structure of the cell wall of the Gram positive
bacteria.

Our results clearly indicate that species antigenically
similar to S. mutans was present in almost all types of
tartar samples, except Cerro Sotta, as it was assessed by
rabbit anti-S. mutans antisera, absorbed with S. sanguis.
However, it was not possible for us to relate its presence
with the dietary habits of the ancient population studied
here, nor with their pattern of subsistence.

The polyclonal antibodies to S. mutans, S. sanguis,
P. gingivalis, A. viscous, T. denticola, T. vincentii and
P. intermedius did not give positive results, facts that re-
quire further investigation. The serological diagnosis of
ancient bacteria is a very useful tool for determining the
genus of bacteria. Although the results of this study
only represent a muestral group of extinct communities,
and the available information on the ancient dental
plaque is yet incomplete, the results of this study help
complete and support previous observations in the field
of oral paleomicrobiological and paleopathological
research.

Finally, there are many questions to be answered:
Is it possible to isolate and to analyze bacterial antigens
in ancient samples? Could it be possible to relate the
presence of bacterial morphotypes or bacterial antigens,
in dental plaque or calculus, with diet or cultural
changes? Are the antigens found in the tartar a biologi-
cal marker to trace human migration patterns of early
man? New technological advances in, for example,
SEM, TEM, epi-immunofluorescence microscopy, or
DNA fingerprinting, could help answer these questions
in the coming years. This would not only benefit
science but the health of human beings.
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Discussion with Reviewers

Reviewer V: The authors offer the inclusion of in-
creased sucrose content as a potential explanation for the
clearly observed differences in bacterial morphotypes
with different subsistence patterns. Are there alternative
explanations or contributory factors?

Authors: We do not yet have any satisfactory explana-
tion. Nevertheless, we propose, in the near future, to
study two groups of individuals with different subsis-
tence patterns: for example, one with an agricultural
based nourishment and the other based on fishing and
hunting (Eskimos).

T. Fassel and Reviewer VI: Would the authors com-
ment on the potential problem of present time contami-
nation of ancient samples?

Authors: We only observed fungus, Bacillis substilis,
Sarcinas sp., which are typical environmental

contaminants. On the other hand, we always took care
of taking the samples for study from the center of the
dental tartar under rigorous aseptic conditions.

T. Fassel: There is a much lower level of labeling in
Figure 13, the ancient sample, than in Figure 14, the
present day sample. While the ultrastructural
preservation of ancient samples are remarkable, could
the authors comment further on processes that would
lead to loss of ultrastructural as well as antigenic
preservation of ancient samples? Also, do any future
research plans include any attempt to label electron
microscopy samples?

Authors: The level of labeling in Figure 13 was much
lower than in Figure 14 because the determination was
made directly in tartar samples, while in Figure 14, the
samples were fresh bacteria obtained from saliva. With
regard to the processes that would lead to the loss of
ultrastructure as well as antigenic preservation of ancient
samples, we think that the environmental conditions of
the samples are very important. Samples from the
desert zones are much better preserved (for example,
those obtained from Atacama Desert); also, the salinity
ensures a good preservation. We plan in the near future
to assess the bacterial specificity through immuno SEM
and immunocytochemistry by TEM. This would allow
us to evaluate antigenic structure and stability with age.
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