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GUT MICROBIOTA ASSESSMENT IN MOSCOW LONG-LIVERS USING NEXT GENERATION SEQUENCING
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Demographic aging poses a challenge to the medical community, pressing for research into the biological factors promoting longevity and its features. Below, we
look at the gut microbiota as one of such factors. The aim of this non-longitudinal study was to profile the gut microbiota of centenarians and to compare it with
that of relatively healthy, younger Moscow residents. The study recruited 20 people aged 97-100 years (mean age 98 + 1 year); the control group consisted of 92
individuals aged 53 + 13 years. For each stool sample, the variable V3-V4 regions of the microbial 16S rRNA gene were sequenced. Primary analysis, read filtering
and taxonomic identification were conducted in the QIIME 1.9 environment; reconstruction of metabolic pathways was aided by PICRUSt. Statistical analysis
was performed by means of Python v. 3.2. A few differences were detected between the gut microbiota of centenarians and younger individuals: Bifidobacterium
(o = 0.026) and Coprococcus eutactus (p = 0.026) were more abundant in centenarians, whereas Bacteroides (p = 0.003) and Prevotella (o = 0.002) were better
represented in younger participants. The potential for butyric acid synthesis was higher in the group of centenarians (p = 0.048). Surprisingly, the gut microbiota
of centenarians was more diverse and surprisingly beneficial for advanced age. Besides, the gut microbiota of centenarians might have more pronounced anti-
inflammatory potential due to its ability to better synthesize butyric acid.
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The gut microbiota plays a crucial role in human health and
disease. It is thought to be involved in the processes associated
with aging. For example, it affects glucose metabolism [1],
atherogenesis and cardiovascular health [2]. A link has been
established between the gut microbiota and negative aging
outcomes, such as frailty and other geriatric conditions [3]. It
is hypothesized that the gut microbiota “ages” together with
its host. As the host progresses into senescence, the diversity of
microbial community inhabiting the gut declines, the abundance
of opportunistic pathogens (Clostridium difficile, C. perfringens,
and Escherichia coli) increases, whereas the number of beneficial
microbes, including Lactobacillus, Bifidobacterium, and
butyrate-producing bacteria essential in reducing inflammation,
drops [4]. With age, endotoxins rise, whereas the levels of butyric
acid decline [5]. Thus, the aging microbiota can drive low-grade
inflammation underlying age-associated diseases.

Longevity is a unique model of aging. Long-lived individuals,
who effectively realize their biological potential, have a delayed
onset of age-related pathologies. Their gut microbiota is quite
diverse and contains high levels of beneficial bacteria [6, 7]. In
spite of advanced age, they manage to retain the pro- and anti-
inflamsnmatory potential of their microbiota. This might be the anti-
risk factor for aging that the modern science is still searching
for. Until recently, no research studies were conducted in Russia
exploring the composition of the gut microbiota in long-lived
individuals. The aim of this paper was to study the composition
of the gut microbiota in such individuals and to compare it with
that of younger Moscow residents without chronic conditions
and of centenarians from other countries.

METHODS

Twenty participants were recruited for the study. The only
inclusion criterion was age of 97-100 years (mean age 98 + 1
year). Exclusion criteria were as follows: antibacterial therapy,
chemotherapy or probiotic therapy within 3 months before stool
collection. All participants underwent a physical examination
and a geriatric assessment; complete medical histories were
taken. The Mini Nutritional Assessment (MNA) was used to
identify malnourished individuals. The control group consisted
of 92 individuals aged 25 to 76 years with no severe somatic
pathology at the time of the examination. The demographics
and clinical characteristics of the control group are described in [8].
For each stool sample, the variable V3-V4 regions of the
microbial 16S rRNA gene were sequenced using a MiSeq llumina
sequencer (lllumina; USA) following the manufacturer’'s protocol.
Libraries were prepared using a Nextera XT Index Kit (lllumina) and
the 16S Metagenomic Sequencing Library Preparation protocol
provided by the manufacturer. Metagenomic data analysis was
carried out in the Knomics-Biota system [9]. Primary analysis,
read filtering and taxonomic identification were conducted in
the QIIME 1.9 environment [10]; reconstruction of metabolic
pathways was aided by PICRUSt [11]. Statistical analysis was
done with Python v. 3.2. In the group of long-lived individuals,
the results were adjusted for multiple comparisons and sex using
MaAsLin [12]; for intergroup analysis, adjustments were made
for multiple comparisons, age and sex. All samples (n = 112) met
the quality criteria for the number of mapped species > 70%.

RESULTS
Composition of gut microbiota in long-livers

Symbiotic bacteria were the most abundant microorganisms
in the gut microbiota of centenarians; many of them were
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butyrate-producing bacteria from the Christensenellaceae and
Ruminococcaceae families and the Ruminococcus genus. All
samples were close to the enterotype Ruminococcus [13].
They can be arbitrarily divided into clusters with low silhouette
width. In terms of composition, all samples in this group were
relatively similar to each other. The mean alpha-diversity value
(the Shannon index) was 6.3 + 0.59. The phylum distribution
of bacteria looked interesting. In the group of centenarians, the
Bacteroidetes phylum was lowly abundant, amounting to 7.8%
of the gut microbiota, whereas Firmicutes made up 78.7% (Fig. 1).
Clinical characteristics of the studied cohort of centenarians are
provided in Table 1.

Comparison of gut microbiota composition in centenarians
and younger individuals

The composition of the gut microbiota in relatively healthy
younger participants was not out of the ordinary typically
observed in healthy individuals. According to QIIME 1.9,
Bacteroidetes made up an average of 20.23% of the gut
microbiota, Firmicutes amounted to 73.4% (Fig. 1). Differences
in the abundance of Bacteroidetes were significant between
the groups (adj. p < 0.002; MaAsLin).

In younger participants, the Shannon index was 7.56 + 0.49,
which was higher than in the group of centenarians; however,
the difference was insignificant (o = 0.10).

The intergroup comparison at the genus and species levels
produced a few remarkable findings. According to PCoA (Principal
Coordinate Analysis), the samples collected from centenarians
and healthy younger participants were different (Fig. 2).

A more thorough analysis allowed us to identify the
differences in the gut microbiota of centenarians and other
study participants. There were significantly more beneficial
bacteria, including Bifidobacterium and Coprococcus, in the
samples obtained from centenarians (Table 2).

The differences show on the MDS plot were confirmed by
the MaAsLin analysis. The microbiota composition of healthy
younger participants abounded with the bacteria representing
2 enterotypes: Bacteroides and Prevotella (Table 3).

Reconstruction of metabolic pathways

The analysis of metabolic pathways revealed that in long-lived
participants, butyric acid synthesis through acetyl coenzyme
A conversion was more prevalent than in younger individuals
(adj. p = 0.048; lda = 3.35); other butyrate synthesis pathways
did not differ significantly between the groups (Fig. 3).
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Fig. 1. Phylum distribution of gut microorganisms in the groups of centenarians
and relatively healthy younger participants
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Table 1. Clinical characteristics of the centenarian group

Factor Median IQR
Body mass index, kg/m? 25.10 5.66
“Age is no barrier” local scale (0-7 points) 3.00 1.25
Systolic blood pressure, mmHg 155.00 32.50
Diastolic blood pressure, mmHg 78.00 9.00
Heart rate, beats/min 69.00 9.00
Geriatric depression scale 6.00 7.25
IADL 16.00 9.25
MNA 22.75 7.00
CIMT, mm 1.31 0.25
Glycated hemoglobin, % 5.79 0.50
HSCRP, mg/L 2.06 3.91
Triglycerides, mmol/L 1.04 0.34
High-density lipoproteins, mmol/L 1.43 0.48
Low-density lipoproteins, mmol/L 3.55 1.18
Hand grip strength, kg 17.00 6.38
MOCA 11.50 18.00
MMSE 23.00 25.00

Note: HSCRP — high-sensitivity C-reactive protein; CIMT — carotid intima-media thickness; IQR — interquartile range; IADL — Instrumental Activities of Daily Living;
MMSE — Mini-Mental State Examination; MNA — Mini Nutritional Assessment; MOCA — Montreal Cognitive Assessment.

A possible association between a healthy diet and the
microbiota composition/the potential for metabolite synthesis
was analyzed in the group of centenarians. The analysis
established an association with the prevalence of metabolic
pathways. The MNA score was associated with the potential
synthesis of a few types of vitamin B, especially B12. The higher
was the score, the higher was the potential activity of some
metabolic pathways, as demonstrated by MaAsLin (Table 4).

Thus, we have described a few characteristic features of
the gut microbiota in centenarians and discovered that their
microbiota was able to effectively synthesize butyrate through
acetyl coenzyme A conversion.

DISCUSSION
The tremendous role of microorganisms inhabiting the human
body is indisputable. Still, our knowledge of these inhabitants
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Fig. 2. A multidimensional scaling plot of gut microbiota samples obtained from
centenarians (red dots) and relatively healthy individuals (blue dots).

is very limited. The majority of currently known microbes were
discovered not so long ago owing to the advances in next
generation sequencing. The possible mechanisms underlying
their effects on the human body remain understudied. Studies
in humans are still scarce and mostly non-longitudinal. However,
understanding the unique features of the gut microbiota
in centenarians might be helpful in preventing conditions
associated with its disturbances, including age-related diseases.
The most important outcome of our study is the obtained profile
of the gut microbiota of centenarians; its composition was found
to be very beneficial for advanced age. Most studies looking
into the “aging” gut microbiota demonstrate that the number of
pathobionts increases with advancing age, while the number of
beneficial bacteria declines [4]. This pattern, however, was not
confirmed for healthily aging individuals.

Until recently, such studies were conducted abroad. One
of them reported high levels of Bifidobacterium in a group of
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Fig. 3. Metabolic pathways for butyric acid synthesis in the groups (the mean
prevalence of the pathways is plotted on the Y axis)
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Table 2. Microorganisms found to be more abundant in the gut microbiota of centenarians

Relatively healthy M, % Relatively healthy IQR Centenarians M, % Centenarians IQR 1% adj. p
Bifidobacterium 1.904 2.598 2.278 4.724 0.013 0.026
Bifidobacterium longum 0.472 0.887 0.779 2.041 0.021 0.043
Coprococcus eutactus 0.211 0.326 0.610 1.457 0.012 0.026

Table 3. Microorganisms found to be more abundant in the gut microbiota of relatively healthy participants

Relatively healthy M, % Relatively healthy IQR Centenarians M, % Centenarians IQR p adj. p
Bacteroides 9.917 10.418 3.999 6.011 0.001 0.003
Prevotella 6.505 10.129 1.811 6.352 0.001 0.002
Dialister 2.104 3.066 0.129 0.392 < 0.001 0.001

Table 4. Associations between MNA scores and the prevalence of metabolic pathways for vitamin synthesis by the gut microbiota

Vitamin synthesis pathway Coefficient adj. p P
B,, 0.002048 0.009 0.001
, 0.000681 0.043 0.015
B, 0.000588 0.048 0.024

centenarians over 105 years of age, in comparison with middle-
aged individuals; this trend was observed in supercentenarians
but not in their younger peers [6]. Interestingly, according to the
same study Akkermansia and Christensenellaceae were also
more abundant in centenarians. This sparked the hypothesis
that maintaining a healthy microbiota might contribute to longevity.

In our study, pathogens and opportunistic pathogens were
poorly represented in the gut microbiota; no difference in their
abundance was observed between the group of long-lived
individuals and younger participants. Moreover, Bacteroides
and the Bacteroidetes phylum in general were poorly
represented in the microbiota of centenarians. By contrast,
a Japanese study [7] reports that the level of these bacteria
increases in very old people.

In addition to having a beneficial composition, the gut
microbiota of centenarians seems to affect the rate of aging;
using the advanced tools for metabolism reconstruction, we
were able to identify a few possible mechanisms underlying this
effect. One interesting finding was discovery of high potential
for butyrate synthesis in the gut microbiota of centenarians.
Butyric acid is an anti-inflammatory agent [14, 15]; the ability
of the gut microbiota to maintain its synthesis might slow down
aging. In a recent experiment, butyric acid was administered
to mice, leading to an increase in fibroblast growth factor
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