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RESUMEN 

El incremento de la esperanza de vida en el último siglo constituye uno de los grandes logros de 

la medicina. Pero ello está generando problemas sanitarios, económicos y sociales hasta ahora 

desconocidos, entre los que se encuentra el alarmante aumento de problemas cognitivos y 

demencia en personas mayores. La deficiencia cognitiva se ha relacionado con procesos 

inflamatorios, y estos se perfilarían como el punto común de muchas de las enfermedades 

asociadas al envejecimiento, como el Alzheimer. En estudios recientes se ha puesto de 

manifiesto la influencia de la microbiota intestinal y oral en el estado de salud general, y más 

concretamente en el estado inflamatorio y el nivel cognitivo en el contexto de 

inmunosenescencia.  

Se determinará la relación entre la composición de la microbiota oral, marcadores de tipo 

inflamatorio y la deficiencia cognitiva en personas mayores de 65 años con distintos grados de 

nivel cognitivo. 

Para ello, se han analizado muestras de saliva de voluntarios de más de 65 años de edad (n=34) 

con el fin de determinar los perfiles de microbioma mediante técnicas moleculares como PCR 

cuantitativa dirigida a bacterias, hongos y levaduras, Electroforesis en Gel Gradiente 

Desnaturalizante-DGGE y secuenciación masiva del gen 16S bacteriano. Se recogieron datos de 

test cognitivos, así como se analizaron marcadores inflamatorios como la proteina C-reactiva 

(CRP), myeloperoxidasa (MPO), apoplipoprotiena (APOE) en muestras de sangre y cortisol en 

muestras de saliva. 

En este trabajo se han estudiado las asociaciones entre el microbioma con el grado de deficiencia 

cognitiva y el índice de masa corporal con el fin de establecer relaciones entre la salud y el 

envejecimiento saludable. 

Nuestros resultados demuestran que grupos bacterianos que se han relacionado en otros 

estudios previos con las enfermedades periodontales, como los géneros Prevotella y 

Selenomonas, aparecen asociados a un menor índice cognitivo y a mayores niveles de 

mediadores inflamatorios en plasma. Estos resultados apoyan el papel relevante de la 

inflamación en el desarrollo de las enfermedades neurodegenerativas asociadas con el 

envejecimiento, así como el impacto de la microbiota oral en estas enfermedades.  

Palabras clave: Microbiota bucal, envejecimiento, estado cognitivo 

 



 
 

 
 

ABSTRACT 

The increase in life expectancy in the last century is one of the great achievements of medicine. 

But it is generating health, economic and social problems, among which is the alarming increase 

in cognitive problems and dementia in elderly. Cognitive impairment has been linked to 

inflammatory processes, and these would be the common point of many of the diseases 

associated with aging, such as Alzheimer. Recent studies revealed the influence that could have 

the gut and oral microbiota in the general health, and more specifically in the inflammatory and 

cognitive status in the context of immune senescence. 

 

The relationship between the composition of the oral microbiota, inflammatory markers and 

cognitive impairment in people over 65 years with varying degrees of cognitive level will be 

determined. 

 

It has been analyzed saliva samples from volunteers over 65 years of age (n = 34) in order to 

determine microbiome profiles using molecular techniques such as quantitative PCR directed to 

bacteria, fungi and yeast, Denaturating Gradient Gel Electrophoresis - DGGE and high throught-

put sequencing of 16S bacterial gene. Cognitive test data were collected and inflammatory 

markers in blood samples analyzed as C-reactive protein (CRP), myeloperoxidase (MPO), 

apolipoprotein E (APOE) and cortisol levels in saliva samples.  

 

We have identified the associations between oral microbiome composition with the cognitive 

impairment degree and the body mass index in order to establish relationships between health 

and healthy aging. 

 

Results showed that specific bacterial groups have been linked in previous studies with 

periodontal diseases, such as Prevotella and Selenomonas genus, which have been also 

associated with lower cognitive index and higher levels of inflammatory mediators in plasma. 

This would support the hypothesis of the role of inflammation in neurodegenerative diseases 

associated with aging and the possible key role of microbiota in these diseases. 

 

Words: microbiome, aging, cognitive impairment.  
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1. INTRODUCCTION 

     1.1 AGING: INMUNOSENESCENCE AND INFLAMMAGING 

In developed societies there is a great concern for the health of elderly people. The rapid 

increase on life-expectancy represents a major challenge and economic burden for modern 

societies. Due to improvements in medicine and hygiene conditions, it has increased life 

expectancy of the population, thus increasing the economic cost of health systems by the 

appearance of aging-associated disease (1). By 2050, elderly population is expected to increase 

to 1.5 billion, representing 16% of the world’s population (2). For all European Union members, 

it has been estimated that life expectancy for men increased from 77.6 years in 2013 to 84 in 

2060 and 83.1 years to 89.1 for women (2). For this reason, it is mandatory to develop new 

research on these diseases and early detection, as well as treatments to mitigate its effects. 

Aging has been defined as a persistent deterioration in the physiological function leading to a 

lower capacity of response to different stress which is characterized by the onset of associated 

disease, i.e. osteoarthritis, neurodegeneration, arteriosclerosis, diabetes (3–5). The immune 

dysregulation is a common characteristic in all those diseases (6,7). Altered immune response 

with aging may affect the pathophysiology and functionality of the immune system in elderly. 

This fact is dramatically linked with an increased susceptibility of  infections, autoimmune 

disease or some cancers (8). This phenomenon has been named “immunosenescence” and it 

would play a key role in aging process. On the other hand, elderly people also show a systemic 

chronic state of low inflammation, known as “inflammaging”, which is characterized by elevated 

levels of proinflammatory mediators as interleukines IL6, IL-1 or tumor necrosis factor (TNF-

alpha). The inflammaging may be the cause of the increment on the fragility and risk of 

inflammatory disease in elderly (6,9,10). It has been suggested that an imbalance between pro- 

and anti-inflammatory mediators may be consequence of the decrease in the Treg activity or 

the lack of negative feedback from Tcells (11–13). This situation creates an endless cycle in which 

the inflammation produce a tissue damage with the subsequent production of more 

proinflammatory mediators (14).  The difficulties of setting the causes of inflammation, as well 

as tissues, organs and components involved make it difficult to design new therapies targeting 

this process. Further studies are needed to provide light to the complex network of 

inflammatory mediators involved in the immune response in elderly (15). 

There is an intimate interplay between the host immune system and microbiota (16).  The 

mucosal immune system has developed a series of strategies to promote tolerance and avoid 

creating an inflammatory environment under this bacterial stress that differentiate it from the 



general body's immune system (17). The homeostasis between the MALT system (mucosa-

associated lympho-reticular tissue) and microbiota support the develop of host tolerance and 

the control of bacterial burden by an establishment of a constitutive low-grade non-pathological 

inflammation (18).  However, when any component of this delicate relationship is affected, 

either by disease or simply aging, this state of sub-pathological inflammation could have 

implications for human health. Thus, the inflammaging would have several sources, including 

the microbiota which would play a double role (cause/consequence) in the inflammatory 

process. Currently, efforts are being made to study the possible role of the microbiota in the 

immunosenescence.  

In this respect, we still do not have enough information related to changes and effects caused 

by aging and its associated diseases with mucosal immunity and its relationship to the 

microbiota. Thus, a better understanding of human microbiome in parallel with a deeper 

knowledge on gut mucosal immunity function should be pursued. 

 1.2 HUMAN MICROBIOTA AND AGING 

The set of communities of microorganisms that inhabit different niches of the human body (gut, 

oral, skin…) is known as microbiota (19). Human microbiota represents a “superorganism” 

harbouring more cells than human cells and also, more genes than the human genome. Although 

the exact composition of the microbiota is not exactly known, advances in microbiological 

techniques, with the emergence of high-throughput sequencing and other new -omics 

technologies have allowed knowing in greater detail the composition of these microbial 

communities.  

Human gut harbors the majority of these microbial communities, and, correspondingly, has 

attracted the most research interest. It is estimated that each individual has about 160 species 

of a consortium of 1,000 to 1,500 (20). However, researchers are interested in the microbiomes 

that inhabit parts of the body outside the gut, as oral and skin microbiomes. 

Accumulating evidence suggest that microbiome is linked to health status and dysbalances in 

composition have been associated to high risk to develop specific diseases as 

inflammatory diseases, autoimmune and metabolic problems  (21–23).

There are in increasing evidence about the relationship between inflammation and microbiota, 

but the key players are still unclear. Dysbiosis in microbiome have been described in bowel 

disease, ulcerative colitis, colorectal cancer, celiac disease, diabetes type 1, obesity, 
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arteriosclerosis, rheumatoid arthritis, Alzheimer... all of them with a clear inflammatory 

component in their pathogenesis (24–29). There are several hypotheses about the role of 

microbiota in establishing this degree of inflammation which is observed in elderly. On the one 

hand, inflammation may modify microbiota profiles and these changes in microbiota 

composition may also contribute to the inflammatory status that would be established by many 

other perpetuate factors (30). However, in this scenario little is known about the role of other 

microbiomes as oral microbiome in health and disease as well as its impact on the inflammatory 

diseases. Then, in this paper, we are going to focus on the oral microbiota which is one of the 

most diverse microbiome in the body resides in the mouth (oral cavity), after gut microbiome in 

terms of species-richness only behind the gut microbiota.  

  1.3 ORAL MICROBIOME AND AGING 

Oral microbiome is a complex ecosystem formed by a variety of viruses, fungi, archaea and 

bacteria. It has been identified almost 900 different bacterial species (31,32). The Specific oral 

microbiota composition is a complicated task due the mouth is an open system, it is exposed to 

many exogenous factors: food, water, social life… and also, different oral sites (mucosa, tongue, 

saliva, teeth, oral plaque, etc..) can be analyzed (33). However, the oral microbiome seems to 

be specific to each person and reminds stable during most of life (34,35). 

Referring to the bacterial composition of the mouth, the predominant phyla are Firmicutes, 

Bateroidetes, Proteobacteria, Actinobacteria, Spirochaetes, Tenericutes and Fusobacteria, 

which represent 96% of the total bacteria (32) an also uncultured division GNO2, SR1 and TM7 

(33) . The human oral microbiome database (HOMD, www.homd.or) is the largest database of 

taxa descriptions and sequences of oral (36)  In case of fungi, Candida species are commonly 

carried asymptomatically in the middle of individuals and the prevalence increases with age and 

also inflammatory diseases. However, studies show that the predominant genera in healthy 

individuals are Candida, Cladosporium, Aureobasidium, Saccharomycetales, Aspergillus, 

Fusarium and Cryptococcus. (37).  

Archaeas represent a small percentage of all microorganisms of the oral microbiota, with few 

species, which are all methanogens. As in fungi, their prevalence increased in subjects with oral 

diseases such as periodontitis (38,39).  



4 

Some authors defend that there are similarities inter-individuals at the genus level in the 

microbiome, but it is more variable at the species levels between individuals. However, it 

is thought that exist a core oral microbiome common to most individuals (33,40).  

Disruption of the oral microbiome has been proposed to mediate on the course of inflammatory 

disease especially among immunocompromised patients (41). Specific oral microbes have been 

associated with periodontal health and those that are more prevalent in periodontal disease 

have been identified (42) . Accumulating data is suggesting the potential link between oral 

microbiota and the establishment of a proinflammatory state in specific diseases associated with 

aging, such as atherosclerosis and neurodegenerative diseases (21).  

Saliva is crucial in maintaining oral health as it is capable of regulating the bacterial composition, 

since he possesses antimicrobial agents, such as immunoglobulins, histatins, peroxidases, 

lysozymes... (43). It is well known that elderly people suffer changes in their diet and hydration, 

which has repercussions on the production of saliva. It has been observed as in the elderly there 

is less production saliva (44). This is worsened by inactivity, consumption of certain drugs and 

reducing hygiene habits, which ultimately conduce to an overgrowth of oral bacteria in elderly. 

The salivary microbiota is a potential diagnostic indicator of several diseases.For example, a 

caries-free oral status in have been associated with higher presence of Neisseria flavescens and 

Porphyromonas catoniae which have been suggested as oral health markers (45). Higher 

presence of Capnocytophaga gingivalis, Prevotella melaninogenica and Streptococcus mitis in 

saliva have been linked to high risk of oral cancer (46). In addition, oral microbiome has been 

also related to obesity as higher levels of Selenomonas noxia are associated to obesity in women 

(47) 

    1.3.1 Oral microbiome analysis: from traditional methods to Next 

generation sequencing 

There are several techniques to deal with the study of the microbiota, from traditional culture 

techniques and observational studies to molecular-based methodologies. Around half of oral 

bacteria are as yet uncultured and culture-independent methods have been successfully used 

to comprehensively describe the oral bacterial community although little is known yet.  

First techniques were based in culture techniques and Gram-staining or microscope examination 

(48). Since the culture-independent methods introduction, and especially high-throughput 

techniques, An improvement on the understanding of oral bacterial diversity and showed that 

80% of bacteria detected by molecular techniques were not cultivable (49).  
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Currently, the techniques based on molecular tools are dominant in studies of microbiota, as 

sequencing, q-PCR (Quantitative-Polymerase chain reaction) and DGGE (Denaturing gradient Gel 

Electrophoresis). DGGE is a molecular fingerprinting technique of separating the bands of a 

double stranded DNA by denaturation point which in turn is dependent on the content of GCs 

to study sequences. This requires a previous amplification so fragments obtained run on a gel 

with a denaturing gradient. When the double strand is separated, it is fixed in the gel. Thus a 

produce a fingerprinting of the different studied populations in a given experiment (50). This 

technique has been used in the study of the composition of archaea in the human microbiota 

(51).  

However, even these new techniques based in the sequence of microorganism, have little 

resolution with some of the genera present in saliva, as Actinomyces, Streptococcus, Neisseria, 

Veillonella, Porphyromonas and Selenomonas due to genetic exchange between these genera 

(52). These discrepancies between the two types of techniques have highlighted the needed to 

improve culture systems in combination with high sequencing (“Culturomics”).  

 1.3.2 Factors influencing oral microbiome composition 

 Physicoquimicals factors: temperature and pH 

These factors result from the combination of the characteristics of the host, the microbiome and 

the environment. During the meal, the bacteria are exposed to sudden changes in temperature. 

However, very few studies have been done on the possible effects of this phenome in the 

microbiota (53).  

The pH of the oral cavity affects the viability and behavior of the microbiota directly as most 

bacteria do not tolerate extremes pH. However, the pH of the oral cavity usually near neutrality 

by the effect of saliva. It has been observed as a decrease in pH may promote aciduric bacterial 

outgrowth, as Streptococcus mutans or Prevotella intermedia and favor the formation of caries 

(54.)
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Endogenous Factors 

Host defense 

The first control mechanism of the microbiota is saliva as it is capable of removing large amounts 

of bacteria from the oral surfaces. It also contains specific defenses such as sIgA and other non-

specific factors such as mucins, other glycoproteins, lactoferrin, lysozymes, peroxidases, 

cystatins and hystatins (55). 

Gingival crevice area is controlled by antimicrobial factors of plasma, so there is a continuous 

flow of gingival fluid with both humoral and cellular components of immune system. It has been 

observed that in this fluid 90% of the cells are polimorphonuclear leukocytes (PMN) and 10% 

mononuclear cells (56). These PMN cells are capable of microorganism’s phagocytosis and 

release antimicrobial enzymes such as myeloperoxidase (MPO) which produce reactive oxygen 

species (ROS). Gingival fluid also contains complement factors that may initiate bacterial cell 

lysis and IgM, IgG and IgA antibodies. 

Age 

The oral microbiota is variable during the individual's life, partly due to the change of other 

factors as eating habits, the state of the teeth, the salivary flow, the immune system ... Since 

most of these factors are altered in aging, the elderly are highly variable microbiota profiles that 

rely heavily on their systemic health (53). After birth, oral cavity is exposed to microbes by 

breathing, breastfeeding, and contact with parents. The pioneers colonizers are Gram-positive 

cocci, including Streptococcus and Staphylococcus spp. (57). At three years of age, the salivary 

microbiome is already complex, but its maturation process continues until adulthood (45). 

Further studies are needed to identify the oral microbiome development during adult to elderly 

stage. 

Hormonal changes 

It has been observed as during puberty and pregnancy are increased gingival inflammation. It 

has been proposed that this occurs by oral microbiota disturbances produced by hormonal 

changes. It has been observed the increases in the number of gram-negative anaerobic 

bacteria as P. intermedia in the subgingival microbiota (58,59).  
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Stress 

Stress has been linked to many other factors that affect the microbiota as hormone levels or 

salivary flow (60,61). One of the major symptoms of stress is increased cortisol levels in plasma 

and saliva, which in turn can modify the microbiota (62). 

Genetic factors 

It is known as the genetic background affects the susceptibility of suffering oral diseases such as 

periodontitis (63). The inheritance of certain immune factors, metabolism, mucus composition 

and ligand-receptor interactions can affect the selection of certain bacterial groups preferably. 

However, environmental and social life seem to be more effect than genetic background of the 

individuals in configuring the microbiota, as prove a study with identical twins (64).   

 Exogenous factors 

Geographical area and diet 

Unlike the gut microbiota, which has seen that is strongly influenced by the geographical area 

of individuals (65) in the oral microbiota it has been observed that these geographical 

differences are not transmitted in the species present in the saliva (20).  It is believed that this 

is because it is much less influenced by diet and the environment and the individual's own 

species are more determinant (33).  

Exogenous food is not the principal power source of the bacteria in saliva, as it causes the food 

to be quickly swallowed so food have little time in contact with the microbiota and therefore 

have no significant effect on its composition (66). Among the exogenous diet, carbohydrates and 

proteins are the ones that have been linked to changes in the microbiota (67). It has been seen 

as sucrose rich diets favor the growth of Streptococcus mutans and other bacteria associated 

with caries (68). The fermentation of sugar in lactate lowers the pH, which favors the outgrowth 

of acidophilic bacteria (66).  

Commensal microbiota is known to have important functions in maintaining oral and systemic 

health.  Among these, the colonization of pathogenic species is prevented by simple competition 

with the commensal microbiota, as fewer spaces available for these species that could cause 

disease (69) left. This can be seen when the microbiota is altered, for example with the 

consumption of antibiotics, which favour the appearance of infections such as Candida (70).  

Besides this, some species have proven to be antagonist to oral pathogens, such as 
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Streptococcus salivarius which produces a bacteriocin which inhibits the growth of certain 

pathogenic species associated with halitosis (71).  

It seems clear that the variety of bacteria present in the oral microbiota is too large to be studied 

in it is as a whole and the oral microbiome functionality in terms of metabolic activity would be 

more important as it was thought. (72) 

It has been observed as some bacteria, such as certain streptococci, which have activities 

glycosidic and endopeptidases (73). Many bacteria have aminopeptidase activity (74) that can 

ferment amino acids to produce short chain fatty acids. In the gut, these acids have been 

reported to have benefits on the host, for instance, butyrate is the principal energy source of 

the colon epithelium and propionate is gluconeogenic (75)).  Moreover, some studies show that 

SCFA have the ability to regulate glucose homeostasis by controlling the release of 

gastrointestinal hormones (72). The molecular pathways which are responsible for these effects 

of SCFA, are still unknown.   

Oral hygiene and antimicrobial agents 

This is one of the most decisive in maintaining the homeostasis of the composition of the 

microbiota factors. The addition of antimicrobial agents in toothpastes can inhibit bacterial 

growth of those species associated with oral diseases or reduce expression of virulence factors. 

Taking oral or systemic antibiotics may also change the composition of the microbiota. It has 

been observed as after taking antibiotics, the environment can promote oral cavity colonization 

by other pathogenic species such as Candida spp. (53) The placement of intraoral biomaterials, 

such as dental prostheses or orthodontic appliances, may also induce alterations in the oral 

microbiome (57).  It has been observed that there is an increment of Porphyromonas gingivalis, 

Prevotella intermedia, Prevotella nigrescens, Tannerella forsythia, and Fusobacterium species 

after bracket placement (76).  

Oral microbiota and inflammatory disease 

Commensal bacteria can metabolize substances or cause to occur by cells which they come into 

contact and they are discharged into the bloodstream. This could have positive and negative 

effects on the host’s health (15).  

Apart from contributing to oral health, it has been suggested that oral microbiota could be 

related to other systemic diseases, including Alzheimer's disease (AD) (77–79).  There is some 
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evidence linking diseases such as arteriosclerosis, diabetes or obesity with both oral and gut 

microbiotas.  

In their study, Piconi et al. (2009) shown that the reduction of oral anaerobes due to periodontal 

treatment that changes the habits of hygiene, correlates with a reduction of inflammatory 

biomarkers and a reversal of thickening of the carotid artery (80).  

Animal studies indicate that oral bacteria can cause a premature birth occurs (81). This is 

supported in humans, where some studies show how mothers suffering from gum disease are 

more likely to have premature labor or a baby with low birth weight (82). In many of these cases, 

intestinal and oral bacteria, particularly anaerobes, had crossed the placental barrier (83).  

Many pathogens responsible for chronic periodontitis as Porphiromonas gingivalis, Treponema 

forsythia and Prevotella denticola are involved in the pathology of inflammatory diseases in 

distant organs of the oral area. In addition, the first two have been found in the brains of AD 

patients (84,85). It has also found increased levels of antibodies to periodontal disease-

associated as P. gingivalis in AD patients compared to controls (86). Other evidence supporting 

this hypothesis is that the levels of antibodies against oral bacteria, Fusobacterium nucleatum 

and Prevotella intermedia, are higher in AD patients compared to controls (87).  

In NHANES study, researchers found positive correlations between oral diseases, such as 

periodontitis and cognitive problems and levels of antibodies against P. gingivalis (87,88). P. 

gingivalis has been proposed as a “keystone” in the group of pathogens related to cognitive 

impairment because its capacity to maintain periodontal associated disease “inflamamophilic” 

microbiota (89). It has been observed that among the brain consequences of the 

Lipopolysaccharides (LPS) of P. gingivalis are priming of immune cells by differential activation 

of NF-kB via the Toll Like Receptors (TLRs) (90). This leads to the release of cytokines, 

complement activation and maintenance of inflammation (91).  This bacterium has been linked 

with cardiovascular disease (92,93), pregnancy outcomes (94–96), rheumatoid arthritis (97,98) 

and other disease with a common inflammatory component.    

The influence of oral microbiota in other disease have been studied, as Diabetes type II and 

obesity (47,99). For example, it has been detected spirochetes in lesion sites of the pancreatic 

islet, and it has been speculated that could come from the oral microbiota (100).  
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 Oral microbiota and cognitive deficiencies 

Like we mentioned above, world population has a longer life expectancy to our ancestors and 

as a result, it has increased the prevalence of aging associated diseases, such as 

neurodegenerative disease. All these diseases have a common feature, an 

inflammatory component (101,102). 

It is believed that this response is maintained by the astroglia releasing proinflammatory 

cytokines and contributes to maintaining the inflammatory process. That activation of microglia 

causes neuronal damage which at the same time contribute to maintain inflammation (103,104). 

Stimulated microglia produce TNF-a, IL-1, IL-6 and CRP and some studies have correlated the 

latter and other inflammatory markers with the onset of neurodegenerative disease (105,106). 

It is thought that glial cells come into contact with blood antigens through routes of entry to the 

brain, which devoid blood brain barrier. These cells are equipped with TLRs which are able to 

detect antigens such as LPS for infections elsewhere in the body (79,86,107,108). This hypothesis 

is supported by studies that have found that there is a greater risk of having an episode of 

dementia after a systemic infection (107). Numerous studies have shown as TNF levels in the 

cerebrospinal fluid of neurodegenerative disease patients are much higher than controls 

(87,102).  

Researchers emphasize that the microorganisms, and more specifically the oral microbiota, have 

a role in the onset or progression of inflammation observed in patients of degenerative diseases 

(85,91).  Miklossy (2011) found that oral bacteria were present in the brains of people with AD 

in a higher density and variety than in controls (109). Most of these bacteria were oral 

spirochetes, which are strict anaerobes.  In this study, Miklossy and colleagues attempt to 

demonstrate the ability of spirochetes to reproduce the major hallmarks of AD in vitro and found 

that there was a significant relationship between spirochetes and AD. In these studies, observed 

in organotypic cultures as glial and neuronal cells, reproduce the pathological features AD after 

being exposed to cultures of spirochetes (100).  Interactions between such bacteria with 

perpetual host a chronic inflammation active components of the adaptive and innate immune 

system, the free radical production, apoptosis, with the production, as mentioned before, the 

NFTs and amyloid deposition (110).  

As we mentioned in the “Oral microbiota and other inflammatory disease” section, there is a 

link between inflammation and some diseases including neurodegenerative problems. All these 

evidence support the notion that infections may contribute to the maintenance of the 

inflammatory cycle shown on neurodegenerative pathologies by activating acute phase proteins 
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and cytokines. The point is that inflammation is maintained in the elderly brains and in this 

regard, immunogenic proteins and peripheral infections would be a key point in perpetuating 

this state (91). 

1.4 MICROBIOTA-INFLAMMATION-NEURODEGENERATIVE 
DISEASE LINK 

Actually the most accepted theory suggest that a combination of different players as 

microbiome and immune system  have a pivotal role on unbalanced host response favoring a 

microbial dysbiosis and an aberrant immune system activity(111). Dysbiosis is characterized by 

an imbalance in the relative abundance of species associated with disease.  

An example, P. gingivalis is not able to trigger periodontitis disease in germ free mice as a 

bacterial community is needed for the onset of disease (112). Furthermore, modulation of the 

host immune system is essential for P. gingivalis to have the ability to change the microbiota 

profile (113,114). It can be concluded that there are many factors, related to the host and 

microbiota, involved in establishing a profile microbiota altered and proinflammatory state. All 

these aspects must be taken into account when addressing the research in this field. 

Good oral health requires a controlled inflammatory state that can maintain stable microbiota 

and homeostasis system. However, in diseases, such as periodontitis, this relationship is lost. 

Whether by a subversion the immune system or host immunoregulatory defects, as often 

happens in old age (115). This situation can create a self-perpetuating circle of dysbiosis and 

inflammation (Figure 1). 

Figure 1. Polymicrobial dysbiosis and inflammation. A self-perpetuating cycle 
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Many research supports the hypothesis that this inflammation could have effects in systemic 

health. This is supported by studies that have linked oral bacterial diseases with an increased 

risk to suffer from diabetes, arteriosclerosis or neurodegenerative diseases (116–118). 

To what extent oral microbiome and neurocognitive diseases in elderly processes as 

inflammaging and immunosenescence remains to be investigated.  In this scenario, the aim of 

this study is to determine whether variations are found in the oral microbiota during elderly and 

if these are related to cognitive level, immune and nutritional status in old age. 

For this purpose, a population –based sample of elderly persons aged 65-80 years oral 

microbiome was examined and the influence of the cognitive and nutritional status and also, the 

inflammatory parameters on oral bacteria was discussed.  
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2. MATERIAL AND METHODS

2.1 Study design and samples 

A total of 37 voluntary subjects aged 65 to 80 years from Valencia (Spain) participated in this 

study.  

Biological samples as urine, blood, saliva and fecal samples were collected were kept frozen -

20ºC until delivery to the laboratory. Cognitive status was analysed by the use of a cognitive 

test, Mini mental test examination (MMSE), that classify the volunteers in compromised 

cognitive function (CCF) and the normal cognitive index (NCF). Other information as medical 

history, height, weight and other medical data were recorded. The recruitment of volunteers, 

samples collection and test, both nutritional and cognitive status, were performed by the group 

led by Dr. J. Enrique de la Rubia, School of Nursing at the Catholic University " San Vicente Ferrer 

" of Valencia. 

2.2 Analysis of inflammatory markers, APOE and cortisol 

Enzyme-linked immunosorbent assay (ELISA) was used to quantify levels of C-reactive protein 

(CRP), myeloperoxidase (MPO) and apolipoprotein E (APOE) in serum according to the 

manufacturer’s instructions (Abcam, Cambridge, UK). Cortisol was measured in saliva with an 

ELISA assay (Salimetric LLC, Suffolk, UK). MPO is abundantly expressed in neutrophils and is thus 

used as a marker for inflammation signal.  

2.3 DNA extraction 

DNA was extracted from buccal swabs, using the Master-Pure DNA extraction Kit (Epicentre, 

Madison, WI, USA) following the manufacturer’s instructions with the following modifications: 

samples were treated with lysozyme (20 mg/mL) and mutanloysin (5U/mL) for 60 min at 37ºC 

and  a preliminary step of cell disruption with 3-μm diameter glass beads followed by 1 min at 

2000 oscillations by bead beater (119) . Purification of the DNA was performed using 

DNA Purification Kit (Macherey-Nagel, Duren, Germany) according to manufacturer’s 

instructions.  
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2.4 Quantitative analyisis of microbiome by q-PCR 

Quantitive PCR amplification and detection were performed with optical-grade 96-well plates 

with a LightCycler 480 system (Roche, Indianapolis, USA).  Region of 16 rDNA from several major 

groups of microorganisms was amplified using specific primers gathered from the literature 

(Table 1). All primers were purchased from Isogen Life Science (Utrecht, PW).  Each reaction 

mixture of 10 μl was composed of SYBR green PCR master mix (Roche), 1 μl of each of specific 

primers at a final concentration of 0.25 μM, and a 1ul of template DNA. The fluorescent products 

were detected at the last step of each cycle. A melting curve analysis was made after 

amplification to distinguish the targeted PCR products from nonspecific PCR products. Standard 

curves were created using serial 10-fold dilutions of specific fragment amplicon DNA 

corresponding to 102-109 gene fragment copies/mg. The concentration of microorganism in each 

sample was calculated comparing the Ct values obtained from standard curve. The bacterial 

concentration of each sample was calculated by comparing the threshold cycle (Ct) values 

obtained from standard curve.   

Table 1. Primers used in q-PCR study 

Organism Primer Sequence (5’-3’) Annealing Ref. 

Archaea-

Methanobrevibacter 

Genus 

MET-105f 

MET-386r 

TGGGAAACTGGGGATAATACTG 

AATGAAAAGCCATCCCGTTAAG 

55 (120) 

Archaea-M. smithii nifH Mnif-342f 

Mnif-363r 

AACAGAAAACCCAGTGAAGAG 

ACGTAAAGGCACTGAAAAACC 

55 (120) 

Fungi ITS1 F 

ITS 1 R 

TCC GTA GGT GAA CCT GCG G 

GCTGCGTTCTTCATCGATGC 

63 (121) 

Total Bacteria pUniv1 

pUniv 2 

CGTGCCAGCAGCCGCGGTGGACT 

ACCAGGGTATCTAATCCTG 

60 (122) 

Bacteroides fragilis 

group 

g-Bfra-F

g-Bfra-R

ATAGCCTTTCGAAAGRAAGAT 

CCAGTATCAACTGCAATTTTA 

50 (123) 

Bifidobacterium group Bifidum5’ 

Bifidum3’ 

TGACCGACCTGCCCCATGCTCTG 

CCCATCCCACGCCGATAGAAT 

61 (124) 

Blautia cocoides group g-Ccoc-F

g-Ccoc-R

AAATGACGGTACCTGACTAA 

CTTTGAGTTTCATTCTTGCGAA 

53 (125) 

Enterobacteriaceae Enterobact-F 

Enterobact-R 

CATTGACGTTACCCGCAGAAGAAG

CCTCTACGAGACTCAAGCTTGC 

63 (119)
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Enterococcus group Enterococ-R 

Enterococ F 

ACTCGTTGTACTTCCCATTGT 

CCCTTATTGTTAGTTGCCATCATT 

61 (126) 

Lactobacillus group Lacto F 

Lacto R 

AGCAGTAGGGAATCTTCCA 

CACCGCTACACATGGAG 

58 (127) 

Staphylococcus group Staphy group F 

Staphy group R 

GGCCGTGTTGAACGTGGTCAAATC

A 

TIACCATTTCAGTACCTTCTGGTAA 

58 (128) 

Streptococcus group Strept_1 

Strept_2 

GTACAGTTGCTTCAGGACGTATC 

ACGTTCGATTTCATCACGTT 

60 (129) 

Akkermansia 

muciniphila 

Akker-F 

Akker-R 

CAGCACGTGAAGGTGGGGAC 

CCTTGC GGT TGG CTT CAG AT 

60 (130) 

Faecalibacterium spp. Fprau 07 

Fprau 02 

CCATGAATTGCCTTCAAAACTGTT 

GAGCCTCAGCGTCAGTTGGT 

60 (131) 

For statistical analysis of qPCR results, SPSS software was used. The results were expressed as 

medians with interquartile ranges (IQR) and non-parametric test were performed due to the 

non-normal distribution of microbial data. Mann-Whitney U test was used for comparisons 

between two categories. A p-value <0.05 was considered statistically significant.  

2.5 Qualitative analysis of microbiome by Denaturing Gradient Gel 
Electroforesis (DGGE) 

In order to analyze the diversity of bacterial communities present in samples, archaea and fungi, 

analysis was performed by denaturing gradient gel electrophoresis (DGGE). PCR amplification of 

the 16S rDNA gene was performed using primers detailed in Table 2. A GC clamp was attached 

to the 5’ of primers F to facilitate the resolution of PCR amplicons by DGGE.  
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Table 2. Primers used in the DGGE 

The PCR protocol included an initial denaturation, a step of annealing and the final extension 

(the conditions were detailed in Table 3). Each reaction was performed with 5ul of primer (10 

uM), 5 ul de Buffer KAPA HIFI Fidelity 5X (0,2 mN de Mg+2 1X), 2 µl de DMSO, 0,5 µl de ADN KAPA 

HIFI polymerase (1U/µl), 1 µl de dNTPs MIX (10 mM) and 1 μl of DNA. PCR product was visualized 

by electrophoresis on 1.5% agarose gel stained with red safe to assure that no specific 

amplification occurs.   

Table 3. Conditions for the DGGE analysis 

DGGE was performed on a Dcode Universal Mutation system (Bio-Rad, Hercules, CA). In order 

to obtain the best discrimination between species, different denaturizing gradients were assay 

 Target 

Organism 

Primers Reference 

Archaea 0357 F-GC: CCCTACGGGGCGCAGCAG 

0691 R: TTACAGGATTTCACT 

(132) 

(133) 

Bacteria 357 F: TAC GGG AGG CAG CAG 

518 R: ATT ACCGCG GCT GCT GG (134) 

Fungi NS1: GTAGTCAATATGCTTGTCTC 

GC fungi:  CATTCCCCGTTACCCGTTG 

(135) 

Archaea 

(0357F-GC0691 R) 

Bacteria 

(357F- 518 R) 

Fungi 

(ITS-1-GCfungi) 
Cycles 

Denaturation 6 min 95 °C 3 min 95 °C 4 min 95°C 1 

Denaturation 1 min 95 °C 20 seg 95 °C 1 min 95°C 

35 

Primer 

hybridization 

1min 55 °C 45 seg 55 °C 1 min 50°C 

Extension 2 min 72 °C 1 min 72 °C 1,10 min 2°C 

Final 

extension 

7 min 72 °C 7 min 72 °C 7 min 72°C 1 
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for each PCR products obtained with the three sets of primers used in polyacrylamide gels [8% 

(v/v) of a 37.5:1 acrylamide-bisacrylamide mixture]. A 50-70% denaturizing gradient (100% 

corresponded to 7M urea and 40%) was used for total bacterial gel, a 45-60% denaturizing was 

used for archaea gel and 10-50% for the fungus gel (136).  All of these gradients were made with 

a gradient maker (Bio-Rad). 

A top gel without denaturant was cast above the denaturing gel before the polymerization 

started. Electrophoresis was run in 1X TAE buffer at 60ºC, for overnight at 100V, after that gels 

were stained in a SYBR Green solution for 20 min, visualized and photographed under UV.   

2.6 Microbiome analysis by 16S RNA Sequencing 

Isolated DNA concentration was measured using a Qubit® 2.0 Fluorometer (Life Technology, 

Carlsbad, CA, USA) and diluted to 5 ng/μL.  16S rDNA gene amplicons were amplified following 

the 16S rDNA gene Metagenomic Sequencing Library Preparation Illumina protocol. The V3-V4 

region of 16s rRNA gene was amplified by PCR using Illumina adapter overhang nucleotide 

sequences following Illumina protocols. After 16S rDNA gene amplification, the mutiplexing step 

was performed using using Nextera XT Index Kit. 1 μl of the PCR product was checked on a 

Bioanalyzer DNA 1000 chip and libraries were sequenced using a 2x300pb paired-end run (MiSeq 

Reagent kit v3) on a MiSeq Sequencer according to manufacturer’s instructions (Illumina). To 

rule out and control for possible reagent contamination, reagents for DNA extraction and for 

PCR amplification were also sequenced as controls.  

2.7 Bioinformatics and Statistical analysis 

Quality assessment was performed by the use of prinseq-lite program (137) applying following 

parameters: min_length: 50; trim_qual_right: 20; trim_qual_type: mean;    trim_qual_window: 

20. R1 and R2 from Illumina sequencing where joined using fastq-join from ea-tools suite (138).

Data have been obtained using an ad-hoc pipeline written in RStatistics environment (R Core 

Team, 2012) and data processing were performed using a QIIME pipeline (version 1.9.0) (139). 

Chimeric sequences and sequences that could not be aligned were also removed from the data 

set. The clustered sequences were utilized to construct Operational Taxonomic Units (OTUs) 

tables with 97% identity and representative sequences were classified into the respective 

taxonomical level from phylum to genus based on the Greengenes 16S rRNA gene database. 
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Sequences that could not be classified to domain level, or were classified as Cyanobacteria, were 

removed from the dataset as they likely represent ingested plant material.  

All communities were rarefied to 17,425 reads per sample to calculate bacterial diversity. 

Subsequently alpha diversity (Shannon and Chao1 index), and beta diversity using UniFrac 

distance among samples and ADONIS was used to test significance. Calypso version 5.2 

(http://cgenome.net/calypso/) was used with data transformed by square root with total sum 

normalization for the statistical analysis, multivariate test and data mining. 
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3. RESULTS

3.1 Analysis of inflammatory markers, APOE and cortisol 

Cortisol concentration was analysed as a measure of stress levels and it was also obtained the 

plasma APOE concentration since it has been related with cognitive deficiencies. The 

inflammatory status was measured by the analysis of the MPO protein and CRP (C- reactive 

protein) levels.  

Inflammation: MPO and CRP concentration 

Significant differences (p-value = 0.0015) in the production of MPO between both categories 

(NCF and CCF) have been found. People with compromised cognitive function (CCF) have 

increased production of MPO from the innate immune system cells, thus producing a 

proinflammatory state. No significantly different concentration was found in CRP concentration 

(Figure 2). 

APOE protein and cortisol levels 

No significant difference between the two populations with respect to the concentration of 

APOE found (p-value = 0.505). However, significant differences (p-value = 0.043) were found 

regarding the cortisol concentration present in the saliva, being higher in people with cognitive 

impairments (Figure 3). 
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Figure 2. Levels of inflammatory biomarkers of the elderly people with and without cognitive 
deficiencies. Box plots show the median value (solid line inside boxes), the limits of box represent 
the 25th and 75th percentile, and whiskers depict the 5th and 95th (* p<0.05 CCF vs NCF) 



20 

 

 

3.2 DGGE profile 

Microbial diversity was analyzed by the amplification of the -specific V1-V3- region of the 

bacterial 16S rRNA, V1-V2 of 18S rRNA of fungi and V3-V4 region of archaea with DGGE primers 

as described in Table 3. Before performing the gels, amplification was visualized by 

electrophoresis on an agarose gel (0.8%). We have selected the samples with positive 

amplification in archaea and fungus for DGGE gels. Bacterial-DGGE profile  gel was performed 

with a sample’randomisation using a sub-set of representative samples from each group.  The 

purpose of this test is to get an overview of the fingerprinting of samples. In future research the 

identification of possible differential bands between NCF and CCF will be sought. It is possible to 

see the DGGE gels in supplementary information. 

The images of the DGGE gels were digitalized with de Bionumerics software (7.5 version). This 

program improves image quality by removing the background and determining the position of 

the bands. It is also able to calculate similarity indexes and cluster samples into a dendrogram 

based on UPGMA method.  

Cluster analysis using the UPGMA dendrogram shown that there were variations in the oral 

microbiota of samples from the CCF regarding NCF.  
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Figure 3. Concentration of cortisol and ApoE in the both groups of samples. Box plots show the 
median value (solid line inside boxes), the limits of box represent the 25th and 75th percentile, 
and whiskers depict the 5th and 95th percentile (*P<0.05 CCF vs. NCF) 
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Archaea 

Archaea DGGE revealed that there are groups banded similar patterns in the ranks of the 

samples from the elderly with good cognitive index. However, the patterns of the samples of 

the elderly with cognitive deficits are much more heterogeneous and not grouped as well as the 

other cluster (Figure 4).  

Fungi 

In Figure 5 is shown the DGGE gels for fungi PCR products. Although no clear DGGE profile was 

observed between groups (NCF vs CCF) most of the CCF samples were clustered together 

showing a subgroup of individuals with similar patterns of fungi.  

Figure 4. UPGMA trees based on the archaea DGGE results using the Pearson correlation coefficient. 

Figure 5. UPGMA trees based on the fungi DGGE results using the Pearson correlation coefficient. 
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Bacteria 

Bacteria 

 

In this case, there is a pattern of bands clearly differentiated between samples of the NCF and 

CCF elderly, so that there were two clusters in the phylogenetic tree.  

In general, it has been seen that the NCF -DGGE profiles are much higher homogeneous among 

them, with more similarity in phylogenetic relationships. While in the case of the CCF, the 

similarities between the bands are much lower (Figure 6).  

It is possible to calculate diversity by using DGGE profiles as rough measure of the diversity of 

the samples by analyzing the number of bands present in each column of gel (Table 4). It was 

observed a higher fungal and bacterial diversity and lower archaea diversity in CCF compared to 

NCF although no significant differences were found between categories in the number of bands 

in each line of DGGE gel.  

Table 4. Number of bands present in each line of DGGE gels grouped by categories, NCF and CCF. Values 
are expressed as median (interquartile). 

Group of organisms NCF CCF Mann Whitney test 

p-Value

Archaea 29 (27-32) 26 (21.5-39.5) 0.297 

Fungi 10 (8-12) 12.50 (8-12) 0.366 

Bacteria 18 (16-22) 22 (20-23) 0.053 

Figure 6. UPGMA trees based on the total bacteria DGGE results using the Pearson correlation 
coefficient. 
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3.3 Quantitative analysis of oral microbiota by q-PCR 

The total content of bacteria in the saliva is around 108-109 copies/mg of DNA. Higher levels of 

Blautia coccoides (p-value=0.0321) and Enterococcus spp. (p-value=0.045) were detected in NCF 

samples compared to CCF (Table 5).  

Table 5. Quantitative analysis of the microbiota profiles in NCF and CCF group by q-PCR 

Target Log nº copies/mg de DNA Mann-Whitney test 

 NCF (n=14)   CCF (n= 20) p-value

Methanobrevibacter 

Genus 

4.60 (4.08-4.92) 4.64 (4.489-4.89) 0.500 

Total Bacteria 8.90 (8.31-9.03) 8.60 (7.89-8.90) 0.174 

Blautia coccoides 8.39 (8.04-8.72) 7.70 (7.36-8.16) 0.032 * 

Streptococcus spp 8.10 (7.57-8.38) 7.76 (6.19-8.09) 0.166 

Bacteroides spp 4.28 (3.77-4.74) 4.24 (3.10-4.74) 0.785 

Enterococcus spp 6.52 (5.89-6.80) 5.94 (5.06-6.21) 0.045 * 

Faecalibacterium 

spp. 

3.71 (3.28-4.80) 3.30 (2.58-3.95) 0.200 

Enterobacteriaceae 

family 

5.38 (4.84-7.04) 4.87 (4.68-5.14) 0.276 

Data are shown as median from positive samples and interquartile ranges (IQR). Statistical analysis was 
calculated using the Mann Whitney test.   

In order to taking account the possible confounding factors, we analyzed the impact of BMI in 

our sample sets. It was observed higher levels of Blautia coccoides group in NCF-normalweight 

group compared to CCF-normal weight (p-value=0.032) group. No significance differences were 

found in the other group comparisons.  

3.4 Oral microbiota composition by 16S rRNA gene sequencing 

The 16S rRNA gene was sequenced from saliva samples of individuals with compromised 

cognitive function (CCF) and normal cognitive function (NCF). We obtained a mean of 87,412 

high quality and classifiable reads of the 16S rRNA gene ranging from 17,425 (minimum) to 
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143,433 (maximum) per sample (Figure 7). The sequences were clustered with an identity 

threshold of 97% in “operational taxonomic units” (OTUs). We found a total of 94,781 OTUs. 

Sequencing data was normalized with a root square transformation, so statistical analysis was 

made with normal test (ANOVA).  

Alpha diversity was estimated by different indexes as community evenness (Shannon H) and 

richness (Chao1) for the two groups of samples (CCF vs NCF). No significant differences were 

observed.  Both Shannon (p-value=0.647) and Chao index (p-value=0.226) differences were not 

significant, but it is observed that the group of samples CCF tend to have a lower index, and 

therefore less diversity (Figure 8). To compare the phylogenetic distribution between the 

cognitive groups, we used Beta-diversity analysis based on UniFrac test (Principal 

Coordinate Analsyis-PcoA) but not significant differences were found between NCF and 

CCF (data not shown). 

CCF NCF

Figure 7. Reads per sample of the CCF (red box) and NCF 
group (blue box). 
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Oral microbiota of the samples was dominated by Actinobacteria (15% in NCF and 11% in CCF, 

p-value=0.405), Bacteroidetes (16% in NCF and 24 % in CCF, p-value=0.232), Firmicutes (44% in

NCF and 43% in CCF, p-value=0.906), Proteobacteria (14% in NCF% and 13 in CCF, p value=0.934), 

Fusobacteria (6% in NCF and 5% in CCF, p-value=0.767) and uncultured group TM7 (3% in both 

groups, p-value=0.486). In Figure 9 is shown the profiles of relative abundance at phylum levels 

of each individual. The bar graphs at the family and OTUs level can be consulted in 

Supplementary information. 

 Figure 9. Relative abundance at phylum level of each individual. 

It has been found specific families, species and OTUs differed between CCF and CNF groups but 

there were not differences at phylum level (all p-value<0.05). 

A) B)

Figure 8. Alpha diversity of the NCF (blue) and CCF (red) group. Shanon index (A) and Chao1 index (B) 
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 Figure 10. Family (A), Species (B), and OTUs (C) with significant difference between CCF (red bar) and 
NCF (blue bar) (*p-value<0.05 CCF vs. NCF). 

A) B)

C)
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Table 6. OTUS with significance difference between NCF and CCF group. 

It was observed three OTUs related Prevotella spp. to be more represented in people with 

cognitive impairments compared to NCF. These differences were also significant at specie level, 

in the case of Prevotella neigrecens (p-value = 0.05). However, the OTUS of Fusobacteria 

Leptotrichia was found more represented in NCF (p-value=0.027). At the family level, there was 

a remarkable difference X.Weekescella, which has higher relative abundance in the elderly with 

normal cognitive function (Table 6). 

Relationship between oral microbiome and other parameters 

The possible relationship between the presence of certain bacterial groups and an increase in 

the level of inflammatory markers and cortisol was investigated below. In Figure 11 is shown a 

heatmap with the variables included in this study and the microbiota at family level. It is possible 

to found Heatmaps similar for genus and OTUs level in the Supplementary information.  

OTUS p-value MEAN NCF MEAN CCF 

p__Bacteroidetes__f__.Weeksellaceae._89307 0.0055 0.4275 0.2177 

p__Fusobacteria__g__Leptotrichia_29698 0.0270 0.8856 0.4433 

p__Bacteroidetes__g__Prevotella_36161 0.0310 0.2412 0.6733 

p__Bacteroidetes__g__.Prevotella._43240 0.0410 0.1381 0.3833 

p__Bacteroidetes__g__Prevotella_79930 0.0450 0.1381 0.2666 

p__Bacteroidetes__g__Prevotella__s__nigrescens_37074 0.0500 0.3431 0.5377 

p__Bacteroidetes__g__Prevotella_74219 0.0570 0.0337 0.2166 

p__Proteobacteria__g__Haemophilus__s__parainfluenzae_55066 0.0620 0.3756 0.2311 

p__Proteobacteria__g__Haemophilus__s__parainfluenzae_9776 0.0730 1.4031 0.8988 

p__Bacteroidetes__g__Prevotella_20259 0.0790 0.3781 0.5433 
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It has been observed that there are two profiles microbiota. One usually found more related 

to low inflammation and high cognitive index (left in the Heat map). The other block, much 

more heterogeneous, were characterized by the presence of families that are more prevalent 

in older people with high inflammation and low cognitive index (right in the Heatmap). In the 

opposite direction, it was observed that some species of the Prevotella family appeared 

positively related to high levels of inflammatory mediators and cortisol. Furthermore, this 

family appeared in individuals with a less cognitive index.  

In detail, the correlations observed in the Heat map were analyzed. It was observed that there 

were specific significant relationships between certain bacterial groups and the parameters 

studied (Figure 12).  

Figure 11. Heatmap of Microbiota and other parameters relationship at family levels. 
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As shown in the graphs, there was a positive correlation (p = 0.0079) between cognitive index 

and Leptroticia OTUs, which already showed in significantly different between elderly NCF and 

CCF. 

With respect to BMI, there was a negative correlation with a strain of P.melangogenica (p = 0.04) 

and positive with Campylobacter genus (p = 0.05), so this genus was highly observed in 

individuals with higher BMI.                                                    . 

Higher levels of cortisol were related higher presence of four specific OTUs: Prevotella (p=0.014), 

Prevotella nigrinsens (p=0.0047), Selenomonas (p=0.038) and TM7 (p=0.029). Interestingly, 

those specific OTUs were highly represented in the group of elderly people with cognitive 

impairments compare to NCF (Table 6).  

A) B) C)

D) F)

G) H)

Figure 12. Correlations of the OTUs with parameters studied: Cognitive index (A), body mass index (B-C) and 
cortisol (D-H). 
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Multivariate analysis was performed by conducting a principal component analysis (PCA and bi-

plot) (supplementary information). No a clear separation of the two microbiota profiles was 

found. However, with the graph can be deduced that inflammatory parameters vary in an 

opposite profile that body mass and cognitive index, which are grouped together. So, the OTUs 

present in individuals with high inflammatory markers appear with lower relative abundance in 

high cognitive tests. 

With regard to BMI, it is known that this index varies during cognitive deficits, because the 

elderly with this type of imbalance may lose their appetite, alter their diet or even that this is 

controlled by health family members (140).  

In order to avoid bias or factors that mask the causes of the variation of the microbiota, the 

study was performed by separating the individuals having a normal weight with respect to more 

than 25 BMI. A Redundancy analysis (RDA) on normal weight volunteers (BMI <25) was 

performed (Figure 13). RDA test showed a clearly differentiate groups although it was not 

significant due the individuals included in the study (n=9).  

With the aim to reduce the impact of BMI variable, we carried out a sub-analysis taking into 

account normal weight individuals, the study sample is reduced so finding significant differences 

was more complicated.  We observed significant differences in specific OTUs between NCF and 

CCF groups (Figure 14).   

Figure 13. Multivariante analysis (RDA) of the CCF group (red form) 
and NCF (blue form) group with BMI<25. 
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In normal weight individuals, Weeksellaceae, Leptrotichia and Veillonella OTUS were 

significantly higher represented in NCF individuals compared to CCF. Selenomonas spp., 

Prevotella nigrescens and several OTUs of the genus Prevotella (all p-value <0.05) were more 

frequent in individuals with cognitive impairment (CCF).  

When comparing all individuals classified by their cognitive index and its BMI, we obtained 

similar results. However, OTUs of Sphingomonas spp. and Novosphingobium spp. appeared 

closely related with compromise cognitive function individuals (Figure 15).  

Figure 14. OTUs with significant difference relative abundant between CCF (red) 
and NCF group (blue) with BMI<25 (*P<0.05 CCF vs. NCF). 



32 

Figure 15. OTUs significantly different represented in four categories: NCF-normal weight (grey bars), NCF-

overweight (yellow), CCF-normal weight (red bar) and CCF-overweight (blue bar) (*P<0.05 CCF vs. NCF). 

If the relationship of the parameters measured in this research with microbiota profile is studied, 

taking only into account the normal weight individuals, shows that there was a significant 

positive correlation of cortisol to Selenomonas spp. (p-value = 0.005), Prevotella spp. (p- 

value=0.005), Novosphingobium spp. (p-value=0.032) and Sphingomonas spp. (p-value=0.042). 

There was a significant negative correlation with Capnocytophaga OTUs (p-value=0.0073).  

Although not significant (p-value = 0.07), there was also a negative correlation Leptotrichia spp.  

with the concentration of cortisol in saliva (Table 7). It is important to note that these were the 

same OTUs that were significantly more represented in elderly people which have cognitive 

impairment (see Figure 14).  
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Table 7. Relationship between cortisol levels and specific microbial features (Pearson correlation) 

Taxa p-Value R Pr 

p__Firmicutes__g__Selenomonas_64357 0.0050 0.8697 0.628 8 

p__Bacteroidetes__g__Prevotella_20259 0.0050 0.8699 0.446 8 

p__Bacteroidetes__g__Capnocytophaga_1049 0.0073 -0.8519 0.319 8 

p__Proteobacteria__g__Novosphingobium_65215 0.0360 0.7388 0.859 8 

p__Proteobacteria__g__Sphingomonas__s__ 
yabuuchiae_6046 

0.0420 0.7239 0.934 5 

p__Fusobacteria__g__Leptotrichia_36736 0.0760 -0.6587 0.839 7 

The MPO concentration was positively correlated with uncultivable TM7 group (p-value = 

0.0028) and Selenomonas (p-value = 0.0093) (Table 8).    It means that higher levels of MPO were 

related to higher levels of TM7 and Selenomonas in the oral cavity.  

Although the differences were not significant, it was observed that higher levels of MPO were 

related to lower abundance of Veillonella spp. (p-value = 0.09) and Leptrotichia spp. (p-value = 

0.120) and higher abundance of specific Porphyromonas (p-value = 0.083), Novosphingosomas 

(p-value = 0.180) and Sphingosomas (p-value = 0.190). No significant differences were observed 

in the abundance of any OTUS with CRP levels. 

Table 8. Relationship between oral species in microbiota and MPO levels. 

Taxa P.Value R           MEAN Pr 

p__TM7__c__TM7.3_35264 0.0028 0.8619 0.498 9 

p__Firmicutes__g__Selenomonas_64357 0.0093 0.8022 0.607 9 

p__Bacteroidetes__g__Prevotella__s__melaninogenica_18153 0.0210 -0.7452 1.054 9 

p__Bacteroidetes__g__Porphyromonas_65729 0.0830 0.607 0.346 7 

p__Firmicutes__g__Veillonella__s__dispar_5436 0.0990 -0.5833 1.143 9 

p__Fusobacteria__g__Leptotrichia_36736 0.1200 -0.5591 0.817 8 

p__Bacteroidetes__g__Prevotella_20259 0.1200 0.5549 0.454 9 

p__Actinobacteria__g__Actinomyces_46334 0.1800 -0.4912 0.842 9 

p__TM7__f__F16_30225 0.1800 0.4861 0.611 8 

p__Proteobacteria__g__Novosphingobium_65215 0.1800 0.4877 0.763 8 

p__Proteobacteria__g__Sphingomonas__s__yabuuchiae_6046 0.1900 0.4829 0.83 5 
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DISCUSSION 

Progress in high-throughput sequencing has enabled to get a much deeper vision of the 

complexity of the microbiota present in our body. In addition, these techniques let researchers 

take a close look at possible changes it undergoes during human diseases and the relationships 

established between pathological processes and bacterial populations in the different niches of 

the human body. 

In this pilot study, we investigated the possible relationship between changes in the oral 

microbiota profile and cognitive index in the elderly volunteers. Inflammatory parameters as 

MPO and CRP levels  and also, cortisol were also analyzed as they have been linked to aging-

associated diseases which have significant inflammatory component in their pathogenesis.  

During typical cognitive decline rate of many neurodegenerative diseases, there has been 

observed an increase in proinflammatory cytokines such as IL-1, IL-6 and TNF-a, both brain tissue 

and blood system (105,102). 

Myeloperoxidase (MPO) is a myeloid-specific enzyme that generates hypochlorous acid and 

other reactive oxygen species (ROS) by which it acts as an antimicrobial. This has been found in 

large concentrations in circulating neutrophils and monocytes, but not usually detectable in the 

microglia. However, some studies have been reported higher levels of MPO in patients with 

dementia (101) which suggests that activation of MPO is involved in inflammation pathways 

observed in neurodegenerative diseases. MPO Activation may cause oxidative stress that has 

been reported to be involved in Alzheimer development and other inflammatory diseases such 

as rheumatoid arthritis or atherosclerosis (141,142). In agreement with other studies (143), we 

have observed a significant increase in the levels of MPO in plasma of people with 

compromised/impaired cognitive index. Our results are in the agreement with the hypothesis 

that MPO is having a role in the activation of microglia and the establishment of the 

proinflammatory state in the pathogenesis of Alzheimer disease.  

In our study, we have found that cortisol levels are increased in the elderly volunteers with lower 

scores on the cognitive tests. Previous studies have linked an increased plasma and 

cerebrospinal fluid cortisol levels with patients with cognitive deficiencies (144). It has also been 

found that cortisol levels are associated with compromised memory performance in patients 

who had mild cognitive impairment (145). Recent data has linked the levels of APOE and cortisol 
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with a specific molecular signature to diagnose Alzheimer's disease in a prodromal state (146). 

However, in this study no differences in levels of APOE with respect to NCF were found. 

This inflammatory status (high cortisol and high MPO) is related to specific microbial profiles 

observed in the elderly volunteers who have a compromised cognitive function. Many authors 

support the hypothesis that microbiota is maintaining the proinflammatory state and in turn this 

state modulates the composition of the microbial population, creating a feedback circle that 

encouraging the development of these diseases associated with aging (30). 

It was observed a reduction in bacterial diversity without changes in the levels of total bacteria. 

This fact suggests some bacterial groups are reduced in the elderly patients with compromised 

cognitive function. These results are in agreement with previous data in other inflammatory 

disease (147–150). These differential microbial groups would be key for identifying the potential 

relationships between the oral microbiota and cognitive function. This link has been reported in 

many studies in elderly patients with inflammatory disease, which could support the hypothesis 

of the influence of inflammatory state with oral microbiota (111). 

It is known the higher inter and intra-individual variability in microbiota and also, how factors as 

diet, stress, type of life, medication may modulate oral microbiome composition. We also found 

a high variability in the oral microbiome from elderly volunteers. It is necessary to emphasize 

the heterogeneity of the elderly population in our study, because there are many variables that 

differentiate them, such as most have underlying diseases, medication, oral hygiene habits and 

protests. This study is a pilot study aimed to identify bacterial groups associated to cognitive 

levels and also, with proinflamatory pathways associated to aging process. 

Increased levels of Blautia cocoides group (Clostridium Cluster XIVa which includes Clostridium, 

Blautia, Dorea, Eubacterium, Ruminococcus, Anaerostipes, Roseburia and Coprococcus) by qPCR 

in the elderly with good cognitive conditions it was observed compared to those ones with 

compromised cognitive function. Blautia coccoides group is a common group in the gut 

microbiota although some of the member have been also reported in the oral cavity and saliva 

(151). Recently, it has been reported that Clostridium cluster XIV is a normal group in oral cavity 

in dogs (152) and also, Faecalibacterium spp have been described in oral cavity of dogs (152).  

Archaea represent a small minority of the oral microbiome, which are restricted to a small 

number of methanogenic species/phylotypes, namely, Methanobrevibacter oralis, 

Methanobacterium curvum/congolense, and Methanosarcina mazei (38). Archaea can be 

detected in healthy individuals, but its prevalence seems to increase in subjects with 
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periodontitis and inflammatory diseases. It has been hypothesized that archaea may be involved 

in syntrophic relationships in the subgingival crevice that promote colonization by secondary 

fermenters during periodontitis. However, studies with these microorganisms are very scarce. 

For a long time, Candida spp. was the only fungi recognized as part of the normal oral microbial 

population, despite its opportunistic character (153). However, recent studies had identified 74 

genera of cultivable fungi and 11 uncultivable ones in healthy adult oral microbiota (37). 

Although Candida was the most frequent genus, other fungi groups presented a relevant 

prevalence, such as, Cladosporium, Aureobasidium, Saccharomycetales, Aspergillus, Fusarium, 

and Cryptococcus. However, the role of these two organisms, Archaea and fungi, and its 

identification elderly oral cavity and its role with cognitive related problems is yet to be explored. 

For this reason, we analyzed the different microbiota profiles regarding archaea, fungi and total 

bacteria by denaturing gradient electrophoresis (DGGE). Both fungi and archaea profiles were 

more heterogeneous in the elderly volunteers with cognitive deficit than samples of controls 

individuals who have profiles with much greater similarity index. This could be due to the 

deregulation of the communities that form the normal microbiota, which would lead dysbiosis 

and establish a profile of the individual. It would be interesting in future studies to identify the 

organisms responsible for these changes, especially for fungi and archaea, due to its smaller 

proportion in saliva.  

The current trend in the study of the microbiota is to obtain a global vision of all microorganisms 

that compose it: bacteria, fungi, archaea, viruses. However, very few studies have been 

conducted on the fungi and archaea population in saliva, possibly due the poor development of 

genomic databases of these organisms. So the study of differential patterns obtained by DGGE 

can be a new area of microbiota research.  

In agreement with other studies, we found that oral microbiota composed mainly by Firmicutes 

followed by Bacteroidetes phylum (154). At phylum level, no significant differences were 

observed between the elderly volunteers classified according to the cognitive index. However, 

at family and genus levels, we observed some interesting results. 

Higher abundance of Prevotella family, including Prevotella nigrescens, and Selenomonas were 

observed in the CCF group with lower cognitive functions These groups were also related 

significantly to levels of inflammatory mediators as MPO and high cortisol level, and lower 

cognitive index .  
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Bacteroidaeceae family includes Prevotella genus which has been traditionally associated with 

periodontal disease (155,156) and Porphyromonas genus, which is considered one of the 

keystone genres of periodontitis and has been linked to inflammatory diseases, such as 

arteriosclerosis (21). Species of Prevotella genus are capable of producing IgA proteases and 

colonize the mucosal and teeth surface. For example, Prevotella intermedia is able to completely 

degrade IgA1 and IgA2 (53). Prevotella nigrescens has been isolated, together with P. gingivalis 

in necrotic pulps (primary infection) and endodontic lesions (secondary infection) (145). Higher 

abundance of Prevotella family linked to CCF would be related to higher inflammatory status 

due oral inflammation (periodontitis). 

Some species of the Selenomonas genus have been also linked to the formation of dental plaque 

and periodontal disease (157,158). S. sputigena is one of the most frequently detected gram 

negative anaerobic in dental plaque and oral diseases. Other studies have found that oral 

microbiota of patients with chronic periodontitis is enriched with species of the Selenomonas 

genus (157). 

Both genera, Prevotella and Selenomonas, are considered essentials in the study of periodontal 

diseases as they are more frequent in this context. In our study these genres are associated with 

cognitive impairment, which would support the hypothesis that oral microbiota may play a role 

in the pathogenesis of neurodegenerative diseases, either by participating in the activation of 

microglia or contribute to an inflammatory state generalized. 

It was observed an increased relative abundance of genus Leptrotichia, Veillonella and especially 

the Weeksellaceae group in the elderly with full cognitive functions. The family Weeksellaceae 

is found most abundant in elderly with normal cognitive function and lower than those who 

have a cognitive impairment and inflammatory mediators levels. It is unclear the role of this 

genus as some studies have been described that Weeksella virosa would be the cause of some 

infectious diseases (159). However, other species of this genus have been isolated from breast 

milk and infant saliva, being a normal component of the oral microbiota (160). It would be 

interesting to conduct a study in greater depth in this genre and especially of the functions that 

can perform these species in the oral cavity. 

Leptotrichia genus, part of the normal microbiota of the oral cavity, has been found related to a 

state of less inflammation and a high cognitive index. The clinical relevance of this group is 

difficult due culture and identification problems (161). Some researchers have linked 

Leptotrichia genus with oral infections such as gingivitis or periodontitis (42), especially in 

patients with neutropenia or non-immunocompetent individuals (161). However, other studies 
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have found that species of this genus were decreased under certain disease conditions. Coit and 

collegues (2016) conducted a study on Behcet's disease (BD) that causes muco-cutaneous 

lesions and oro-genital ulcers. They have observed that patients had lower levels of some 

Leptotrichia species (162). The same is observed in other studies as the oral cancer associated 

microbiota (163) or preterm pregnancies (164). 

What happens with Leptotrichia genus is usual since most genera have species that are involved 

in the pathogenesis of some infectious process and, on the other hand, species that are more 

related to a state of normal health. Moreover, the same species may be included together in a 

"healthy" microbiota profile and another "unhealthy" profile when it is being studied the same 

inflammatory diseases. It could be because, in fact, the presence or not of a specific strain or 

species may be responsible for the dysbiosis, it would be the union of a particular microbiota 

profile, and not a single species, which wound up in development of the disease or an 

inflammatory condition. This seriously need some species increase their richness at the same 

time that others were diminished. This is greatly influenced by individual's own parameters, such 

as genetics or nutrition.  Then, it is necessary to identify possible sources of variation aimed to 

minimize the variability of the results. 

Weight has been described an important factor in elderly (sarcopenia, weight loss, reduced 

salivary flow...). It has been reported that BMI varied during the development of 

neurodegenerative diseases, descending this during the first phases of mild cognitive 

impairment (140). In our study, BMI classification was also studied. Conducting the study with 

normal weight elderly, new species related to these groups of elders appear as Veillonella or 

Sphingomonas. Also Prevotella (P. niegrescens, P. intermedia) and Selenomonas genus have 

been linked to obesity (47) and yet in our study, continue interacting with the elderly who have 

less cognitive index, although these have a less BMI. This makes us assume that the relationship 

established between these two groups is independent of its effect on the obesity. Moreover, 

when studying only individuals whose BMI is under 25, they continue to be associated with a 

cognitive impairment. 

Removed the BMI variable, it is seen as the Sphingomonas and Novosphingomonas genera 

appear related to the elderly with lower cognitive index. These species are widely distributed in 

the nature environment and rarely cause serious infections, except in immunosuppressed 

patients (165,166). Sphingomonas paucimobilis is has been related with osteomyelitis, 

peritonitis and respiratory tract infections (167,168). In addition, some authors have 

investigated the possible role of Novosphingomonas genera with the onset of autoimmune 
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diseases, such as biliary primary cirrhosis (169). These groups could contribute to the 

inflammatory state of the individual and this in turn contributes to decreased cognitive functions 

that have been observed in this study. 

Veillonella genus is one of those present in the normal oral microbiota, and its main feature is 

that use certain metabolites such as lactate which can change the acidity of dental plaque. Some 

authors suggest that this genus could counteract the formation of dental caries (170,171). Other 

researchers have found that Veillonella and Leptotrichia genera decrease in patients with 

dysbiosis produced in infections of the upper respiratory tract (154). There have also been 

researches about the presence of this kind in periodontitis, and has been observed as controls 

individuals had higher abundance percentages of Capnocythofaga, Haemophilus, Leptotrichia 

and Veillonella (172) than the patients. While individuals with periodontitis had higher levels of 

Porphyromonas and TM7, among others (172).  

We found positive correlation with cortisol levels and the same specific OTUs related with the 

cognitive impairment: Prevotella, Prevotella niegrescens, TM7 and Selenomonas.  This study also 

shows that an increase of TM7 group is associated with increased levels of MPO. Other authors 

have found that some members of this division are most often associated with subgingival 

plaque and oral disease in this area (173). It has also been associated with other inflammatory 

diseases such as inflammatory bowel disease (174).   

It is seen as most groups in this study that are related to increased proinflammatory markers, 

cortisol and worsening cognitive status of the elderly, have been linked in other studies with 

periodontal diseases and other inflammatory disease, such as obesity or rheumatoid arthritis. 

Our results are in agreement with the hypothesis that the change of the composition of the oral 

microbiota have systemic effects on health of individuals and more specifically in the 

development of neurodegenerative diseases. 

In summary, we it is possible recognize some groups of bacteria that are enriched in elderly who 

present this profile of inflammation and a compromised cognitive function. The identification of 

these groups would be very important in addressing the research of the changing the microbiota 

consequence during illness. These bacterial groups would be interesting for a future research, 

to discover the effects on the systemic human health. 

New microbiological techniques and the massive sequencing have allowed to obtain a vast 

amounts of information regarding the bacterial composition of the microbiota, opening up a 
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whole range of possibilities for investigating possible links between microbiota and the 

development of aging associated disease. However, new challenges arise in this regard, as the 

combination the information obtained by the different techniques and the need to isolate or 

avoid the large number of parameters that can be variability sources of variability of the 

microbiota.  

In this study it has been found as genera that have been associated with periodontal disease 

correlates with lower cognitive scores and with a higher inflammatory state. These same genera 

have been found in other major diseases such as obesity, arteriosclerosis, arthritis.  This would 

be evidence that the influence of bacterial communities presents in the body in systemic health, 

being the microbiota an essential factor to considerer in research on such diseases as it would 

shed light on the pathogenesis, early diagnosis or even treatment of the aging associated 

disease. 
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CONCLUSIONS 

 Inflammatory markers would be linked to neurodegenerative problems.

 Shifts in bacteria, fungi and archaea would be linked to cognitive status.

 Prevotella spp. (P. niegrescens, P. intermedia) and Selenomonas spp. were associated to

lower cognitive functions.

 Leptrotichia, Veillonella and especially the Weeksellaceae group were highly

represented in the elderly volunteers with normal cognitive functions.

 Associations with inflammatory markers and specific features of oral microbiome

suggest the potential role of bacteria in the neurodegenerative problems in elderly.

 Several factors as diet, life style, oral hygiene and BMI, medicines would act as

confounding factors in the elderly oral microbiome study.

 Understanding the links between the microbiome and human disease may provide

prophylactic or therapeutic tools to improve human health.
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     SUPLEMENTARY DATA 

             

                     Figure 1. DGGE of archaea species in NCF and CCF individuals 

 

 

                         

                              Figure 2. DGGE from fungal species in CCF and NCF individuals 
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         Figure 3. DGGE of bacterial species presents in NCF and CCF individuals. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

CCF NCF 

Figure 4. Bar charts of the composition of microbiota at the family level in the NCF and CCF individuals 
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CCF NCF 

Figure 5. Bar charts of the OTUs of the microbiota present in the NCF and CCF individuals 
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Table 1. Relationship between specific OTUs and cortisol levels 

Taxa P-value R  Mean 

Abundance 

Positive 

Samples 

p__Bacteroidetes__g__Prevotella__s__nigrescens_37074 0.0047 0.5566 0.402 23 

p__Bacteroidetes__g__Prevotella_20259 0.0140 0.4944 0.434 24 

p__TM7__c__TM7.3_35264 0.0290 0.4456 0.397 23 

p__Firmicutes__g__Selenomonas_64357 0.0380 0.4265 0.474 23 

p__Firmicutes__f__Lachnospiraceae_30519 0.0930 -0.3503 0.586 23 

 

      

 

Figure 8. PCA and bi-plot of the NCF (red) and CCF (blue) and the other parameters measured. 

Figure 7. HeatMap ot the relationship between microbiota at level of genus and the parameters measured in the studio. 




