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ABSTRACT 

	Background and Aim: Oral health investigations contribute to understanding of culture and biology of past populations. It is possible to go beyond the main diseases, such as caries and tooth loss, addressing detailed information on morphology, pathology and physiology. Progressing analysis of microfossils in dental calculus is confirming the good preservation of biofilm in the matrix. Health models associating synergic relationships of dental & oral pathology with systemic diseases are important to understand modern, as well as past human life and death. The aim of this investigation is the absence of dental caries in one human past population, that could be associated to a specific oral microbiota, and health conditions. 
Methodology: Dental calculi were extracted from human teeth of 20 different adult and subadult individuals, both sexes. The morphology of biofilm components was described, especially in search for vibrios. Coastal human groups lived exposed to saltwater environment, and the one studied here, from the shell mound of Cabeçuda, Santa Catarina State, Brazil, was free from caries (estimate date 2,800 to 1,500 BP). The archaeological series belonged to the Museu Nacional of Rio de Janeiro; sample selection took place in its Biological Anthropology laboratory. Calculi extraction & preparation was in the laboratory of paleoparasitology at Fiocruz, the SEM analysis was at Hertha Mayer laboratory, Federal University of Rio de Janeiro. After appropriate hygienation, dental calculi were extracted, disaggregated and parts were scanned. The images were analysed, considering morphotypes in the biofilm, their density and spatial distribution. 
Results: No Vibrio was detected, but 5 different morphotypes were described and associated to possible genders (Lactobacillus, Porphyromonas, Actinomyces, Leptotrichia, Rothya, Neisseria, Staphylococcus, Veillonella, Peptostreptococcus, Streptococcus). 
Conclusion: Morphotypes are a good first approach to main components of biofilm, results can be improved with better disaggregation techniques. Complementary genomics and proteomics techniques should be more conclusive.  
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1. INTRODUCTION 

Dental caries is a dynamic and multifactorial infectious disease (White, 1975; Pitt et al., 2017), which results from the interaction between the oral microbiota, the mouth environment, and host susceptibility. Even in the presence of increased carbohydrate consumption, there may be no karyogenesis, without expressive activity and multiplication of cariogenic bacteria (Eshed et al., 2006). The composition of the oral microbiota and the presence of growth of acidity-tolerant bacteria, as well as the enamel demineralization processes, contribute to enamel erosion and, therefore, caries of dental surfaces, starting karyogenesis (Caraiman, 2020). At birth, humans have a sterile oral cavity. Exposure to bacteria in the mother's body, the environment, food and other factors determine the formation of biofilms in the oral cavity. Changes suffered throughout life bring new exposures and colonizations by hundreds of species (Li, Wang and Caufield, 2000; Gibbons et al., 1964; Gordon and Jong, 1968; Akcali and Lang, 2018) by different routes of introduction (Arensbourg, 1996; Adler et al., 2013; Akcali and Lang, 2018; Lee et al., 2021). 
The study of the teeth, mucous membranes and other components of the mouth environment and their biofilms is of paramount importance to understanding health and disease, whether of individuals or human groups. In this context, dental calculus is a true reference for the study of biological, specifically paleopathological, and even cultural aspects (Kerkens et al, 2018, Standeven et al, 2024 – preprint). Oral versus systemic health has been the subject of paleopathology for decades (Cohen and Armelagos, 1984; Hilson, 1990; Mackenzie et al., 2021). The community of microorganisms in the oral cavity constitutes an ecologically active environment impacting health. 
In general, human coexistence with the oral microbiota is formed by many saprophytes and commensals, remaining generally healthy and balanced (Socransky and Manganiello, 1971; Kleinberg, 2002; Marsh, 2010). An increased consumption of starchy foods, processed foods, and ultra-processed foods (Adler et al., 2013; Hilson, 1990; Cook et al., 2012; Pitts et al., 2017; Williams, 2019; Gagnon, 2020) alter the microecological balance between host and microorganisms causing a dysbiotic state (Li et al., 2022), which can impact oral health causing progressive increase in the prevalence of dental caries and its systemic consequences (Lee et al., 2021).
Frequencies of dental caries in different periods and populations (Alves Filho et al., 2014; Witwer-Backofen and Engel, 2018; Martignon et al., 2021) establish their determinant factors. In Brazil, the adoption of crops and other forms of food production introduced more cariogenic components to the diet of pre-horticulturists. Brazilian pre-horticultural groups living at coastal environments on the South-Southeast, between 8,000 and 1,500 years ago, represented a period prior to the introduction of starch-rich cultivars (Gaspar et al., 2007; Gaspar et al., 2014; Klökler et al., 2018). The frequency of caries (Wesolowski et al., 2010) was low, increasing when carbohydrates began to be more intensively used. Among the builders of monumental shell mounds called sambaquis in Brazil, caries is almost absent (Souza et al., 2009). 
Many studies have been done on prehistoric groups of shell mound builders, suggesting the differences in their diets and habits conditioned different oral health conditions,  even though the multifactorial dental caries makes it difficult to associate causes and effects (Wesolowski et al., 2010; Guida, Bastos, Rodrigues-Carvalho, 2024). 
Different processes of microbial interaction, and the growth of the population of cariogenic bacteria can be modulated, with microorganisms capable of interfering with the proliferation of others (Whiteley et al., 2017). This type of action (Rosebury, 1952; Gibbons et al., 1964; Löesche et al., 1985; Löesche 1994; Jörn et al., 2005; Nunes et al., 2007; Marsh, 2010). The performance of microorganisms and their ability to produce non-physiological events must consider the complexity of their interactions and their diversity.
In a review carried out by Li et al. (2022), concerning the composition of the oral microbiota and its correlation with oral and systemic diseases, the authors call attention to the presence of the genus Vibrio, able to act as growth modulator of other microorganisms. Santos (1978) studied its ability to induce the composition of the biofilm, through quorum sensing, interfering in the growth of other microorganisms through metabolites eliminated in the environment (Dickschat, 2010). Acting on the plaques that form on tooth surfaces, those microorganisms would be able to modulate the presence of cariogenic bacteria reducing caries development. 
Despite the difficulties in studying dental calculus, pioneers such as Dobney and Brothwell (1988), and more recent authors, as Charlier et al. (2010) and Power et al. (2014), confirmed the morphological preservation of microfossils from the biofilm. Advances in techniques and methodologies today allow, contrary to what still occurred about two decades ago, to identify significant results and eliminate possible contamination biases, for example, expanding the potential of investigations on oral mcrobiota (Kerkens, 2018; Standeven et al. 2024 - preprint).
	The present work searches for evidence of vibrio in the biofilms of prehistoric dental calculi, a way to contribute to studies on the health of such groups, especially the absence of dental caries.

An ancient person without dental caries. 
Shell mounds are prehistoric monuments for funerary use, which preserve many remnants of human bodies. These sites are found mainly along the Atlantic coast, in southern and southeastern Brazil (Gaspar et al., 2007; 2014). Artifacts, faunal skeletons and human remains of non-horticultural groups that lived by gathering, fishing and occasional hunting, between about 8,000 and 1,500 years before the present are found in those sites, together with funerary structures and fireplaces. Testimonies of their lifestyle includes economic evidence (Scheel-Ybert et al., 2020), cultural material (Ederli, 2016; Klökler et al., 2018), physical and genetic characteristics (Okumura and Eggers, 2014) and demographic (Souza, 2014; Naji et al., 2022) as well as paleopathological, nutritional and other health evidences (Rodrigues-Carvalho et al., 2009; Souza et al., 2009) recurrently described and discussed.
In Brazil, one of the largest shell mounds is the Cabeçuda (Figure 1), which is located between the lagoons of Santo Antônio dos Anjos and Imaruí, in the municipality of Laguna, State of Santa Catarina. It was a monumental site, but today it is almost destroyed by economic exploitation. The few meters remaining from its base continue to be studied by the Museu Nacional, Federal University of Rio de Janeiro together with the University of Southern Santa Catarina. By the time of the first excavation in the years 1950, the testimony of the original monument measured about 20m height and 53,000m² in area (Faria, 1952). It was a typical funerary site (Figure 2) that may have contained hundreds of burials (Souza, 2014). The series of human skeletons, which specimen were used in the present study, comes from a single funerary area (Gaspar and Souza, 2013) excavated by Luiz de Castro Faria (Faria, 1952).  
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Figure 1 - View of the sambaqui called Cabeçuda shell mound, located next to the Imaruí Lagoon, in Laguna, State of Santa Catarina, Brazil (Photo: L.C. Faria, 1952). 
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Figure 2 – Human burial in a flexed position recorded during the archaeological field work in the 1950s (Photo: L.C. Faria, 1952). 

In Cabeçuda people the tooth loss was not very significant, thanks to tooth impaction by hypercementosis (Rodrigues-Carvalho and Souza, 1998). The complete absence of caries has been observed since the first study of this material was subject of interest, even considering that coastal shell mounds usually have low frequencies of caries. A pioneering study pointed to the absence of caries in 1329 human teeth of 83 adult/sub-adult individuals, 21 of which were represented by complete skulls. Among the permanent teeth, 231 teeth were maxillary and 1088 mandibular, the remaining 38 were deciduous (Cunha, 1963). At the time, diagnostic criterion was the presence of a cavity on the surface of the crown or root, detected with the aid of an exploratory dental probe (0.5 mm). The total absence of dental caries was initially attributed to the hyper protein nutrition of that pre-horticultor coastal fishering-gathering groups, and a possible genetic factor, given that similar coastal groups exposed to similar habits and environment, presented low caries frequencies, but not zero. The absence of caries in the Cabeçuda people was confirmed in a later study (Rodrigues-Carvalho and Souza, 1998), based on the same criterion, using the same probe size. This second analysis was carried out on 76 individuals, in whom the age and sex estimate used the methodology of Buikstra and Ubelaker (1994). Of these, 12 were sub-adults, and the remaining young and medium adults, 33 estimated as probable female, 36 probable male and 7 of undetermined sex. 
Integrating different paleopathological skeletal signs from the same human remains, Souza (1999) proposed a systemic interpretation. General health conditions associated to their exposure to environmental risks provided a systemic approach the absence of caries. physiological stress such as porotic hyperostosis, cribra orbitalia, linear hipoplasia of tooth enamel, arrested growth lines in long bones, periosteal reactions and hyperostosis forming mandibular and auditory torus.  Chronic exposure to recurrent infections caused by saltwater vibrio was then proposed by Souza (1999). Colonizing skin and mucous membranes, including in the oral cavity, vibrio would be causing cutaneous, gastroenteric and other infections.  Different health problems caused by vibrio, such as gastroenteritis, periostitis, otitis, skin and mucous membrane infections, even fatal cases are described in contemporaneous coastal populations (Magalhães et al., 1991; Mancilla, 2005). Colonizing the mucous membranes and modifying the ecology of the oral cavity (Santos 1978), vibrio would be able to modulate the cariogenic microbiota, interfering in cariogenesis.  
In the present work, it was sought, through scanning electron microscopy (SEM) of supragingival dental calculi extracted from individuals buried in Cabeçuda, to verify the presence of microfossils of the microorganisms present in the biofilm, especially in search of evidence of the presence of vibrio. Here the taxa identified are presented, and technical difficulties that limited the confirmation of the presence of microfossils morphologically compatible with vibrio are discussed, as well as suggestions on methodological adjustments necessary for the continuity in this line of research.    

2. material and methods 

Dental calculi from 20 different adult or sub-adult individuals, exhumed during archaeological research in the 1950s, in the shell mound of Cabeçuda, were analyzed. The skeletons used in the present study had their antiquity estimated by the dating of the archaeological layers where they were buried. Such calibrated dates reveal ages between 2,300 and 1,500 years before the present (Scheel-Ybert et al., 2020). Among the individuals studied, six had ages estimated by cementum annulation of the dental roots (Naji et al., 2022), with the following results: two of them were between 40.5 and 40.8 years old, two were between 28.1 and 28.5 years old, one of them was 18.8 years old and the other was 32.7 years old. The others were identified in the catalogue of the collection only as adults. The sex estimates for nine of them were already included in the catalogue of the collection. Although based on the criteria of Buikstra & Ubelaker (1994), they were made from fragmented bones and incomplete skeletons, with limitations in their estimation. Four males and five females were identified. Of these, only three male skeletons and one female skeleton were also confirmed by discriminant analysis (Souza, 1991). 
The presence of sufficiently voluminous stones justified the choice of specimens for this study.  Some stones came from previously disconnected teeth (n=14), and others from in situ teeth (n=6). With the exception of one upper left canine tooth, the others were molars, three upper left, eight upper right, five lower left and three lower rights. Molar teeth were chosen because they had larger calculi (Figure 3). After selection, the material was described and documented on cards, macroscopic and microscopic photos (50x, PROSCOPE digital magnifying glass Avantgarde@). 
The teeth had their calculi, as well as their enamel surfaces sanitized with soft brushes and distilled water. The removal of fragments was performed with the aid of a curette, avoiding the removal of the tooth when connected in situ, and the fragments reserved in Eppendorf were identified. The stage of choosing and selecting the samples, as well as extracting the dental calculus, was carried out at the Biological Anthropology Laboratory of the National Museum of Rio de Janeiro. 
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O conteúdo gerado por IA pode estar incorreto.]Figure 3 - Teeth from burials of the Cabeçuda shell mound, note the accumulation of dental calculus (Photo: T.P.)

Subsequently, the material was taken to the Paleoparasitology Laboratory of the Sergio Arouca National School of Public Health, of the Oswaldo Cruz Foundation, where the fragments were reexamined under a digital magnifying glass (50x), weighed on a SPLABOR digital scale, and then partitioned and reserved in new 2ml Eppendorf tubes. 
Next, two physical techniques for exposing the microfossils were tested: the first was the disaggregation by ultrasound, done in distilled water, at room temperature, in Cristófoli Ultrasonic Tub (USC12038L188018), for progressively longer times at 42Khz, was not very effective. For this reason, it was decided to manually fragment the partition of the calculi by compression. The fragments were then fixed to the stubs with carbon tape (Ted Pella Inc.) for microscopic examination. 
The assemblies were then taken to the SEM at the Herta Mayer Cellular Ultrastructure Laboratory, Carlos Chagas Institute of Biophysics, of the Federal University of Rio de Janeiro, where they were coated with gold for better visualization of microfossils. Scanning electron microscopy was performed with the support of the technical team of that laboratory. Due to problems with one of the microscopes, part of the material had to be examined in a Zeiss EVO MA10, and part in a Quanta 250 (FEI Co.), obtaining images with different magnitudes according to the case (Figure 4).
The best image of each specimen was analyzed. To this end, each of them was divided into quadrants, which facilitated the counting of microfossils. Only those whose outline could be fully visualized on the examined surface were considered. Each individualized microfossil was measured as follows: the rods at their two maximum orthogonal diameters, the cocci at their maximum diameter. The measurements were compared with the morphology of the current bacteria known and described according to Bergey's current manual of systematics of archaea and bacteria (William and Bergey's, 2015) and the descriptions in Zhou and Li (2020). The results allowed them to be grouped into morphotypes.
For the quantifying of microfossils, an average of three counts in each specimen was considered. From this value, the density of microfossils per area examined was calculated by dividing the total number of microfossils (cavities + intact microfossils) by the planimetric value of the photographed area, in order to control the bias introduced by the different magnifications. The results were compared and discussed.

3. results and discussion

The analysis of dental calculi of Cabeçuda shell mound from a microbiological point of view, considering only morphological and morphometric aspects of the microfossils on the fractured surfaces, brought great limitations to the study. In addition, the images limited the three-dimensional view of the microfossils, and only those simple morphotypes applicable to different taxa were applicable. Remaining attached to the matrix of the calculations, the microfossils morphology could be better described when free from the matrix.  
Even so, the good external preservation of the microfossils found confirmed the promising scenario in this line of research. It is remarkable how their outer morphology was preserved in this ancient material, allowing the contours and volumes of the microorganisms to be maintained, as described in previous works by Charlier et al. (2010) and Power et al. (2014). The images of the scanning electron microscopy show that the microfossils presented themselves in two ways: a) intact corpuscles formed by closed curved surfaces, corresponding to the external contours, or mineralized membranes of bacterial cells b) cavities delimited by the same contours, i.e., mineralized membranes. The fragmentation of the samples for assembly under the microscope, removing part of the structures, sometimes released intact microfossils, sometimes fractured them, exposing the interior. The observation of open and fractured microfossils confirmed that the process of calcium phosphate deposition, in this case, mineralized only the envelopes of microorganisms, leaving their interior empty, as described by Hilson (1990). 
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Figure 4 - Scanning electron microscopy of human dental calculi from the Cabeçuda shell mound. Note the intact and fragmented microfossils, still embedded in the phosphocalcium matrix of the calculus. Above, MN1673 specimen photographed under a QUANTA 8,000x microscope. Below, MN1743 photographed under a ZEISS microscope, 9.430x (Photos: Hertha Mayer Laboratory/UFRJ) 
The possibility of confirming the results by biomolecular techniques (Preus et al., 2011), although considered, has been limited by the costs of applying this methodology. On the other hand, the way in which microfossils were preserved would certainly bring limitations to paleogenetic studies, due to the loss of cellular content and, consequently, of the genetic material necessary for their identification. In the absence of intracellular structures, the limitations caused by the contamination of the materials by microorganisms from the environment of different periods, reported in previous studies (Pfister, 2005), would possibly have made the use of this technique unfeasible, even if some genetic material could still be present.  In recent years, however, new technologies offer a more favorable scenario, and this path can be resumed (Kerkens et al, 2018).
 On the other hand, the observation of this form of preservation drew attention to the fragility of microfossils: under the apparent resistance of calculus, their delicate structures are a challenge, since they must be intact for proper morphological study. Since the mineralization processes, in addition to the calcification of the plaque in vivo, continue in the soil, after burial (Hilson, 1990), and the formation of calcite in the bony, dental and calculus matrix interstices is frequent, there may be an increase in the hardness of this matrix, increasing the difficulty for sample disaggregation. 
The possibility of formation of different calcium phosphate minerals in the samples accounts for the differences in the hardness of the calculi from different specimens, and therefore in their resistance to ultrasonics. The minerals most frequently deposited in life, in the formation of the calculus, would be bruxite (hardness 2.5 on the Möhs scale), whose basic formula is Ca8HPO4.2H2O, and whitlockite (hardness 5 on the Möhs scale), whose basic formula is Ca8(HPO4)2.  In the shell mound substrate, rich in skeletal remains of fauna, more than in other sites, the percolation of fluvial, rainwater and tidal water favors the migration of ions and may contribute to the gradual replacement of original minerals by apatite (also hardness 5.0 on the Möhs scale), whose generic formula is Ca5(PO4)3(OH, F, Cl). This substitution certainly gives greater hardness to the matrix and, consequently, to the calculus, which now offers greater resistance to disaggregation. The Cabeçuda, a shell mound whose substrate is formed by a predominance of mollusk shells, with a reduced proportion of soil, a taphonomic process of this type would find even more conditions to occur. The observation of great variation in the resistance of stones to dissolution processes by physical and chemical methods has been observed in other studies, and even for their dissolution, different times of exposure in acid solution have been employed for different materials (Wesolowski et al., 2007; Jorge, 2015). 
The confirmation of a large amount of bacterial microfossils preserved in most of the 20 samples, with the exception of two of them, MN 1674 and MN 1942, was an important result as it draws attention to the potential of this material.  Cases in which microfossils were rare or absent may represent parts of the calculus where the matrix predominated, such as in areas of rapid precipitation of calcium salts, or of specimens where, due to specific conditions, the preservation of microfossils has been impaired. 
The number of intact microfossils in each image ranged from 48 to 300, and the number of broken microfossils in each image ranged from 32 to 190. Adding the amounts of both, the proportion of bacteria in each stone surface examined ranged from 0.056 bacteria per μm² to 0.83 bacteria per μm² (Figure 5). These results confirm that there may be different proportions of microfossils in the matrix of different specimens from the same site. Differences in diet, such as in periods of higher protein intake, form ammonia radicals that base the mouth environment, favoring and accelerating the precipitation of calcium salts and faster calculus formation. Another possible cause for variation in diet may be the existence of different diets by cultural patterns related to sex or age. Isotopic studies, such as by Colonese et al. (2014), seeking to reconstruct paleonutrition in shell mounds from Brazil, suggest that even in a single site there would have been variability in the diet between different individuals, which would certainly impact the formation of dental plaque and the speed of calculus formation (Cariman, 2020), including for factors such as gender or age. In the case of Cabeçuda, in only eight of the specimens it was possible to estimate the sex. The small number of observations avoid establishing a correlation, however, the results concentrated lower values of microfossil density in skeletons estimated to be female. 
When analyzing samples from cemeteries, we must take into account that the specimens studied are not always synchronous, their lives and deaths may represent different periods of the group's life. Thus, variations in the individual diet may represent different strategies for obtaining food, especially in a fishering-gatherer group. In the same way, there may be differences related to the entry of individuals from other areas or groups buried in the same site. It is also possible to find differences related to specific personal events, since differences determined by cultural patterns and divisions of subsistence activities are not uncommon. Isotopic studies for coastal populations in Brazil suggest such differences (Bastos et al., 2015), and further bioarchaeologic studies in larger series could detail interpretations of the formation of dental calculi in shell mound builder groups.
The detail of the location, the size of the calculus, the more precise record of the pictured area of the calculus surface, the plane corresponding to the broken face examined, its proximity to the enamel surface, among other variables, can also explain the differences. The succession of microbial communities that form dental plaque conforms to an architecture that may explain quantitative variations and morphotypes found. In special cases, worn-out calculi, or calculi that were partially lost during lifetime, may present peculiar variations in their composition, and even abrupt transition zones. In future studies, it would be desirable to be able to define in advance the portion of the calculus to be removed, as well as to standardize the fracture plane for microscopic analysis, ensuring greater comparability of the results.
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Figure 5 – Variation in the density of microfossils by area in the human adult dental calculi from people of the shell mound of Cabeçuda, Laguna, Santa Catarina, Brazil. 
In relation to the general aspects of the results, the pictures showed no inclusions that could be mineral debris, pollens, phytoliths, fibers, starch or other elements introduced along with food or other. However, considering the results of Jorge (2018) for Cabeçuda, the almost total absence of starch was confirmed to characterize this material. Although pictures of intrusive materials of this type have been recorded in matrices of other shell mound dental calculus photographed in a similar manner (Reinhard et al., 2000), the preparation of the samples in the present study, without dissolution and decalcification of the samples, would make the presence of evidence of this type.
The results obtained with the measurement of the microfossils were grouped into five morphotypes. The comparison of these morphotypes with the described metric characteristics (William and Bergey's, 2015; Zhou and Li, 2020), allowed us to propose taxa represented in the microbial biofilm of these calculi corresponding to the following possible taxa:  Type “A”  - consistent with rod shaped ones -   0.5μm to 0.8μ m  wide/1.0μm to 3.5μm long, corresponding to straight bacterial corpses, similar to rod-shaped, either isolated or in  chains: Lactobacillus spp., Porphyromonas spp., Actinomyces spp.. Type “B” – consistent with rod shaped ones  -  0.5μm to 0.8μm/1.3μm to 3.8μm long, corresponding to curved rod shaped ones, either isolated or in chains : Lactobacillus spp., Leptotrichia spp. Type “C” – probably cocci – diameter varying from 0.5μm to 1.3μm, isolated : Rothia spp., Neisseria spp., Staphylococcus spp. Type “D” – probably cocci – diameter varying from 0.5μm to 0.8μm, spherical  bacterial corpus in chains : Rothia spp., Neisseria spp., Vellonella spp., Peptrostreptococcus spp., Streptococcus spp. Type “E” -  probably cocci – diameter varying from 0.5μm to 0.8μm, doubled or tetrads groups of spherical bacterial corpus:  Rothia spp.; Neisseria spp., Staphylococcus spp. 
Since the way of preparing the calculations for microscopy did not allow full three-dimensional visualization of the microfossils, it was admitted that some of the proposed gender, Lactobacillus among the rod shaped, and Rothia, Neisseria and Staphylococcus among the cocci, could be classified in more than one morphotype, depending on the perspective in which they were visualized and their three-dimensional arrangements.  
Although they are described by different authors (Gibbons et al., 1964; Marcotte and Lavoie, 1998; Marsh et al., 2010), its possible presence in the human dental calculus of the Cabeçuda shell mound was proposed based only on general morphological aspects. Limitations resulting from the image perspective should be considered.   
Since the measurements could be made only in part of the microfossils, because part of them were either partially broken, or embedded in the phosphocalcium matrix, the amount of microfossils available for analysis was reduced, which also hindered the recording of variability. The complete disaggregation of the calculus, initially attempted by ultrasound, would certainly favor the morphotype count to be increased, making its measurement and identification more precise. Following laboratory tests will help with technique adjustments and possible successful results in the future. Although taphonomic aspects should probably be considered, the complete exposure of the microfossils, after release of the matrix, would certainly allow the observation of additional morphological details and variability, in addition to allowing the more precise estimation of their proportion in each sample.  
 The possible presence of Streptococcus, with known cariogenic potential, deserves consideration. It should be remembered that the mere presence of the taxon would be insufficient to determine the occurrence of caries, which would make it important to determine the proportion in which microfossils morphologically compatible with this genus occur, and why they may, or may not, exercise their cariogenic potential. Knowing the number of possible morphotypes and the way they are distributed in the samples studied would help to interpret the findings (Marcotte and Lavoie, 1998). 
Despite the care with which the microfossils were examined, however, the morphotypes identified did not coincide with shapes that could suggest Vibrio sp. These vibrios have been described for decades in the biofilms that form dental plaques (Smith, 1930; Rosebury, 1952; Gibbons and van Houte, 1975; Marsh, 2010), and its presence and caries-modulating role have been reiterated by Santos (1978) in Brazil. Other problems caused by saline water vibrios have been reported in public health (Mancilla, 2005). However, despite the hypothesis that motivated the study in this coastal sample, no image analyzed suggested morphology that resembled vibrios. Previously, a microfossil with a compatible aspect was observed in a SEM image of a specimen of the shell mound from Forte Marechal Luz, also from Santa Catarina, Brazil. As it is an isolated observation, however, the image has not yet been published, belonging to the collection of the third author. 
The calculi used in the present study represents only supragingival areas of the teeth, what may explain the absence of the Vibrio morphology. It is known that microbial biofilm is variable in different areas of the teeth and mouth, and the preferred site of location of this genus is in the subgingival area (Loesche et al., 1985). New experiments should be carried out to improve techniques, both for preparation and analysis of the calculus. 
It is important to continue looking for ways to confirm the presence of Vibrio in the samples from this archaeological site. That possible paleoepidemiologic evidence of this additional mechanisms, would justify the low frequency/absence of dental caries in the shell mounds of Brazil. The new and promising results obtained with omics techniques and the possibilities of decontamination, excluding the errors resulting from the presence of microorganisms of recent origin, for example, point to other possibilities of investigation as suggested by some authors (Kerkens et al, 2018, Standevan et al, 2024 - preprint). Despite the promising scenario, the scarcity of samples and the restrictions on destructive analyses, have still hindered the continuation of research, 
Given that taphonomic processes modify dental calculus, making them sometimes more resistant, experiments to improve calculi disaggregation techniques should consider differentiated solubilization techniques. The experimentation of protocols with temperature variations, use of calcium chelators, ultrasound and other combined resources should allow the adaptation of techniques applicable to different materials. Studies on the composition and hardness of calculi, physicochemical processes in soil, recrystallizations of minerals present in cavities of bones, teeth and others from archaeological sites, will certainly bring knowledge to this area. Finally, the determination of the minerals present in the calculi, may be used as a basis for protocols aimed at differential solubility (Guastaldi and Aparecida, 2010), which allow separation of matrix and microfossils, favoring their quantification and morphological analysis. Studies in this line should be programmed to continue in this line of research. 

4. Conclusion

The study allowed new questions for this line of investigation. Although it has not been possible to confirm the presence of the genus Vibrio, its presence cannot be refuted either. Therefore, this work opens doors for the continuity of investigations. 
The morphological preservation of microfossils in millennial dental calculi draws attention to the potential of this type of material for the study of the microbial biofilm of teeth, and its interest in expanding knowledge related to oral health in ancient human groups. This is a promising line to be explored. The complexity and role of these communities is great, and it is necessary to expand the knowledge of their relationship with our pathophysiological and physiological processes, a conception that is also applicable to the oral microbiome and its relationship with human health and diseases of the present, as well of the past.
Some directions can be proposed based on our results, aiming at continuing the studies and improving the protocols for the analysis of dental calculus. To proceed in this line, the experiments must be oriented towards the release of the microfossils embedded in the matrix without damaging them, so as to allow their qualitative, quantitative and other morphological analysis. If a good technique for this is achieved, it will be possible to know the composition of dental plaques in different individuals and groups and seek to better understand their relationship with caries and other events. The taphonomic processes that affect the preservation of dental calculi should be better documented, and their differences, on a case-by-case basis, would help the adequacy of protocols and customization of laboratory procedures, according to the archaeological sites studied. Finally, considering the challenges for the disaggregation of dental calculus, future studies based on imaging techniques such as microtomography should be tested in this line of investigation.  
Likewise, the contribution of other approaches and methodologies, mainly genomics and proteomics, should be sought, in order to explore the integration of results, reducing biases and contaminations, and reinforcing the interpretation of results. 
Finally, it is worth remembering that the dramatic loss of the collection of human skeletons excavated in the 1950s in the shell mound of Cabeçuda, on the occasion of the accident that destroyed a large part of the archaeological collections of the National Museum, is a permanent motivation for the continuity of investigations and improvement of the questions and methodologies that will allow us to continue to tell the history of health in the past.  
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