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ABSTRACT: Human gut microflora includes three 
enterotypes and composes the largest part of the whole 
microbiome. Because gut microflora play a crucial role in 
health and disease, knowing the microbial composition of 
the gut microbiome is an important task. Currently, the gut 
microbiome composition in the Kazakhstani population is 
poorly understood. Therefore, we studied the phylogenetic 
composition and types of the gut microbiome in Kazakhstani 
women and stratified the data by age. Female subjects were 
divided into three groups: six young (<44 years old), eighteen 
middle-aged (50–70 years old), and six elderly (>90 years 
old). For the gut microbiome composition analysis, the 16S 
rDNA locus was amplified, ligated into high copy plasmid 
vectors, and sequenced. We observed that two gut microbiome 
types, Phyla Bacteroidetes and Firmicutes, were age 
independent. However, there were significant differences in 
species composition between groups that can be attributed to 
age. The highest species diversity occurred in the middle-aged 
group, which subsequently decreased in the elderly group.
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INTRODUCTION
Human microbiomes include a large number of 

microorganisms that inhabit our nasal, oral, skin, 
gastrointestinal, and urogenital tracts. These communities 
can be either commensal or pathogenic for the human host. 

Interest in the gut microbiome has increased due to its 
impact on host health and disease (Fadeenko et al., 2013). 
Gut microbiota carries out various intestinal functions 
including degradation of carbohydrates, cellulose, glycans, 
and peptones and production of vitamins, amino acids, 
proteins, and short-chain fatty acids. The microbiota 
also contributes to an organism’s vital functions by 
protecting the gut barrier from pathogens and toxins 
and enhancing calcium, iron, and vitamin D absorption 
through the intestinal wall (Baltasar et al., 2010, Wexler 
et al., 2007). Additionally, it can play a role in several 
diseases, affecting both near and distant organ systems. It 
has been suggested that aging can affect the compositional 
structure of the human gut microbiome, which can result 
in the development of various pathological conditions 
(Margone et al., 2013). Thus, there may be differences in 
the phylogenetic composition of the microbiome between 
younger and older individuals. 

Currently, three main phyla have been identified in the 
human gut microbiome: Actinobacteria, Bacteroidetes (Gram-
negative bacteria), and Firmicutes (Gram-positive bacteria) 
(Rajilic´-Stojanovic´ et al., 2009). A previous study suggested 
that that younger (30 years) and older (70 years) individuals 
have similar gut microbiota composition and predisposition to 
healthy flora. Bacteroidetes and Firmicutes are the dominant 
phyla in the gut microbiome (95%), with the remainder 
represented by the Actinobacteria and Proteobacteria phyla 
(Biagi et al., 2010).  Another study observed an increase in 
Bacteroidetes and commensurate decrease in Firmicutes with 
age (Marathe et al., 2012).  Thus, a centenarian’s microbiome 
species composition differs significantly from younger, or even 
senior, individuals. One study noted that in centenarians, 
Bacteroidetes and Firmicutes are dominant; however, 
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Clostridium species decrease and bacilli increase. There are 
also fewer mucin-binding and butyrate-producing bacteria 
and Bifidobacteria species compared with younger age groups 
(Biagi et al., 2010).   

These gut microbial communities are largely unstudied in 
the Kazakhstani population. In this study, we inventoried 
the gut microbiome in Kazakhstani women of different age 
groups using the 16S rRNA sequencing approach. The main 
objectives of the study were to identify the gut phylogenetic 
composition, to determine the primary gut microbiome phyla, 
and to compare the microbial composition across different age 
groups in Kazakhstani women. 

MATERIALS AND METHODS 

Sample collection and groups
Samples were collected from guts of healthy women in 

different age groups (<44 years, 50–75 years, and >90 years). 
Sample collection was conducted as described in protocol 
No. HMP-07-001 Core Microbiome Sampling Protocol A. 
Subjects were issued leaflets describing the procedure, sample 
collection, and screening. All subjects provided informed 
consent. Individuals were also administered questionnaires to 
collect basic health information, such as their general clinical 
condition and any information about gastrointestinal diseases 
and diet. The preliminary questionnaire was collected prior to 
screening to exclude inappropriate subjects. Female subjects 
were divided into three groups: (1) group I, <44 years old 
(n=6); (2) group II, 50–70 years old (n=18); and (3) group 
III, > 90 years old (n=6). 

Genomic DNA isolation
Genomic DNA from 29 fecal samples was extracted using 

the Power Soil DNA isolation kit (Mo Bio Laboratories Inc., 
Carlsbad, CA, USA) incorporating a bead-beating step for 
each sample. All procedures were conducted according to the 
manufacturer’s protocol. DNA was eluted in a final volume 
of 100 µl and stored at -20°C. DNA sample concentrations 
were measured using a Nanodrop 2000 spectrophotometer 
(Thermo Scientific). The lowest genomic DNA concentration 
measured was 20–60 ng/µl. 

16S rDNA gene sequencing and data analysis
The 16S rDNA gene fragments were amplified 

from the genomic DNA using 16S primers (forward: 
5´-AGAGTTTGATCCTGGCTCAG-3´; reverse: 
5´-GGACTACCAGGGTATCTAAT-3´). The gene fragment 
length was 1014 bp, which corresponds to the variable region 
of the 16S rDNA gene. After PCR amplification, the PCR 
product was ligated into high copy vectors pGEM (R)-T Easy 
Vector System (Promega, A1360) and transformed into E. coli. 
Approximately two hundred 16S rDNA gene fragment clones 
from each sample were analyzed. Samples were sequenced 
using a 3730 XL DNA Analyzer (Applied Biosystems, USA). 
Sequencing data were analyzed using the Sequence Scanner v 1.0 
software (Applied Biosystems) and the BLAST NCBI database.  

RESULTS AND DISCUSSION

We analyzed the gut microbiome composition from 29 
apparently healthy women. The subjects were separated based FIGURE 1 
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FIGURE 1. Main phyla of the gut microbiome found in subjects under investigation. (Phyla A – Bacteroidetes; phyla B - Firmicutes) 
and species related to these two phyla
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on age, with group I, <44 years old (n=6); group II, 50–75 
years old (n=17); and group III,  >90 years (n=6). 

With respect to the gut microbiome composition, the 
two predominant bacterial phyla of the gut microbiome, 
Bacteroidetes and Firmicutes, were identified in all three age 
groups.  Figure 1 shows the distribution of the gut microbiome 
phyla in groups I and II. In group I, the predominant phylum 
is Bacteroidetes 66.1%), whereas in group II, the predominant 
phylum is Firmicutes (77.3%). A breakdown of the microbial 
species observed is also shown in (Figure 1).

Figure 2 shows the distribution of the bacterial phyla in the gut 
microbiome by subject. It is clear that Bacteroidetes and Firmicutes 
are the primary phyla observed, even on a per-subject level; 
however, there are some variations on the group level. The highest 
density of Bacteroidetes was found in group I. Firmicutes were 
prevalent in group II. Moreover, group III had highest percentage 
of phylum Tenericutes compared with the other groups. 

In total, we identified 212 bacterial species types, including 
Bacteroides sp., Acetanaerobacterium sp., Acidovorax sp., 
Alloprevotella sp., Alistipes sp., Clostridium sp., Eubacterium 
sp., Ruminococcus sp., Bifidobacterium sp. Most of these species 
are common gut bacteria that perform normal commensal 
functions, such as protecting the gut barrier, breaking down 
food substrates, and producing nutrients. A heat map of the 
most frequent gut microbiome genera divided by age group 
is presented in (Figure 3). Notably, the species diversity is 
highest in group II and lowest in group III. It seems likely that 
the bacterial composition is dependent on the age, as all three 

groups have distinct species profiles in the gut microbiome. 
Groups I and II have a wide diversity of species, many 

of which are found in plant substrates, such as molasses, 
compost, shea, fruits, and vegetables, or in the gastrointestinal 
tract of herbivores, such as those found in cattle rumen 
(Tables 1, 2 and 3). These species break down cellulose, 
lignans, and other plant substrates. These bacteria include 
Clostridium cellulolyticum, Ethanoligenens harbinense, 
Howardella ureilytica, Lachnospira pectinoshiza, Leuconostoc 
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FIGURE 2. Dynamics of the bacterial families according to the age 
of subjects.



100    Gut microbiome diversity in Kazakhstani women

mesenteroides, Oscillospira guilliermondii, Mitsuokella 
jalaludinii, Papillibacter cinnamivorans, Adlercreutzia 
equolifaciens, Phascolarctobacterium faecium, Sphingobacterium 
daejeonense, Prevotella spp., Bacteroides xylanisolvens, and 

Lactonifactor longoviformis. For example, Lactonifactor 
longoviformis is associated with the conversion of plant lignans, 
phenolic compounds of plant origin exhibiting antioxidant, 
antineoplasmatic, and estrogen activities. The presence of these 
bacteria can be explained by the prevalence of vegetables in the 
diet of these subjects. 

Moreover, this group has bacteria, such as Butyricimonas virosa 
and Anaerostipes butyraticus that produce butyrate, which helps to 
digest and absorb nutrients, maintain immune system function, 
Fusicatenibacter saccharivorans, Lactobacillus delbrueckii, 
Lactobacillus plantarum, and Lactobacillus ruminis that produce 
organic and short-chain fatty acids from carbohydrates, and 
Akkermansia municiphila, a mucin-degrading bacteria that 
studies suggest is typically found in younger people.

Group III was characterized by poorer diversity with respect 
to plant-substrate converting, butyrate-producing, and mucin-
degrading species compared with groups I and II. This may 
explain the reduction in these functions with increased age 
(Table 4 and Figure 4). 

We also observed opportunistic pathogens in subjects, 
such as Citrobacter diversus, Clostridium chauvoei, Clostridium 
sordellii, Escherichia fergusonii, Klebsiella oxytoca, Salmonella 
typhi, and Coprococcus catus. These microorganisms cause 
several diseases in humans and animals. Moreover, individuals 
with these bacteria could be vectors carrying these diseases. A 
comparison of functional characteristics of the various species 
is provided in Table 2.
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FIGURE 3. The most frequent genera found in three groups of subjects under investigation.

Bacterial species Quantity 
(%) Note

Bacteroides 
xylanisolvens 0.44%

Common inhabitant of 
human intestine. They are 
involved in breaking down 
xylan and sugars (glucose, 
mannitol, sucrose, glycerol, 
fructose, galactose, and 
melibiose) in the human 
gut; produce by-products 
such as acetate, succinate, 
and propionate (Takai et. 
al., 2008)

Lactonifactor 
longoviformis 0.16%

Human fecal bacteria. 
Breaks down the 
dietary phytoestrogen 
secoisolariciresinol 
diglucoside. (Clavel et. al., 
2007)

TABLE 1. Bacterial species identified in group I subjects. <44 
years old (n=6)



Gut microbiome diversity in Kazakhstani women   101

TABLE 2. Age-associated changes in the functional characteristics of the observed bacterial species
Functional characteristics Bacterial species 30 – 75 years 90 years and above

Plant substrate-degrading 

bacteria (cellulose)

Lactonifactor longoviformis;

Clostridium cellulolyticum;  

Ethanoligenens harbinense; 

Howardella ureilytica; 

Lachnospira pectinoshiza; 

Leuconostoc mesenteroides; 

Oscillospira guilliermondii; 

Mitsuokella jalaludinii; 

Papillibacter cinnamivorans; 

Adlercreutzia 

equolifaciens; 

Phascolarctobacterium faecium; 

Sphingobacterium daejeonense; 

Prevotella spp.

Clostridium cellulolyticum

+ +

Mucin-degrading bacteria Akkermansia muciniphila + -

Butyrate-producing bacteria

Butyricimonas virosa

Anaerostipes butyraticus

Coprococcus catus

Eubacterium biforme

+ -

Carbohydrate-converting 

bacteria (produce organic 

acids, acetate, ethanol, 

carbon dioxide, hydrogen)

Alloprevotella rava 

Catenibacterium mitsuokai

Ethanoligenens harbinense

Fusicatenibacter saccharivorans

Lactobacillus delbrueckii

Lactobacillus plantarum

Lactobacillus rogosae

Prevotella dentasini

Prevotella melaninogenica

Prevotella salivae

Pyramidobacter piscolens

+ +

Protein- and starch-

degrading bacteria

Bacteroides xylanisolvens

Prevotella melaninogenica 
+ -

Mucus-binding bacteria Lactobacillus mucosae + -

Infection-causing pathogens

Citrobacter diversus  

Clostridium chauvoei

Clostridium indolis

Coprococcus comes

Salmonella typhi

Sarcina ventriculi

+ +
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TABLE 3. Bacterial species identified in group II subjects 

Bacterial species
Quantity 

(%)
Note

Adlercreutzia 
equolifaciens

0.15% An equol-producing bacterium isolated from human feces (Maruo et. al.,2008)

Akkermansia 
muciniphila

0.13%
Species of human intestinal mucin-degrading bacterium that releases free during mucin 
fermentation (Derrien 2004)

Alloprevotella rava 0.23%
Isolated from human oral cavity. Produces acetic and succinic acid as end products of 
fermentation (Downes et. al.,2013)

Anaerostipes butyraticus 0.24%
Butyrate-producing bacterium from Clostridium cluster XIVa, isolated from broiler chicken 
caecal content (Eeckhaut et. al.,2010)

Butyricimonas virosa 0.04% Butyric acid-producing bacteria, isolated from rat feces (Sakamoto et. al.,2009)
Butyrivibrio fibrisolvens 0.12% Isolated from rumen. Has proteolytic activity (Cotta and Hespell, 1986)

Catenibacterium 
mitsuokai

3.78%

Isolated from human feces. Produces acid from glucose, mannose, galactose, fructose, 
sucrose, maltose, cellobiose, lactose, and salicin, but not from arabinose, xylose, rhamnose, 
ribose, trehalose, raffinose, melezitose, starch, glycogen, mannitol, sorbitol, inositol, 
erythritol, aesculin, or amygdalin (Kageyama and Benno, 2000)

Citrobacter diversus  0.03%
Isolated from a subject with an intestinal infection. The cause of sepsis and meningitis 
leading to the central nervous system (Barton and Walentik, 1982)

Clostridium indolis 0.04%
Isolated from human feces. Associated with infections of intestinal tract (Smith and Hobbs, 
1974)

Clostridium sordellii 0.03%
Capable of causing pneumonia, endocarditis, arthritis, peritonitis, and myonecrosis. 
The source of the bacteria has not been determined, but it has been documented that 
approximately 0.5% to 10% of healthy women carry C. sordellii vaginally (Miech, 2005)

Coprococcus catus 0.03%
Isolated from human feces. Produces large quantities of both propionate and butyrate 
(Skerman et. al., 1980)

Coprococcus comes 0.03% Isolated from human feces, associated with Crohn's diseases (Hazenberg et. al., 1987)
Coprococcus eutactus 0.20% Isolated from human feces. Normal flora of human colon (Holdeman and Moore, 1974)
Erysipelothrix 
rhusiopathiae

0.03%
It may be isolated from soil, food scraps, and water contaminated by infected animals. 
Causes erysipeloid  diseases in humans (Brooke and Riley, 1999)

Escherichia fergusonii 0.03%
First isolated from human blood. Infects open wounds in humans, and may also cause 
bacteremia or  Wells. (Farmer et. al., 1985) 

Ethanoligenens 
harbinense

0.04%
Isolated from activated sludge of molasses wastewater. Ferments several types of mono- and 
di-oligosaccharides Fermentation end products formed from glucose were acetate, ethanol, 
hydrogen, and carbon dioxide (Xing et. al., 2006)

Eubacterium biforme 0.18%
Isolated from human feces. Produces butyric acid, which acts to inhibit the growth of other 
bacteria. maintaining the normal ecology of the large intestine (Schwiertz et. al., 2000) 

Eubacterium tarantella 0.03% Isolated from fish with diseases (Skerman et. al., 1980)
Facklamia sourekii 0.03% Isolated from lactating cow with hematuria and urodynia (Collins et. al., 1999)
Fusicatenibacter 
saccharivorans

0.08%
Isolated from human feces. Produces lactic, formic, acetic, and succinic acids from glucose 
(Takada et. al., 2013) 

Howardella ureilytica 0.03% Isolated from the rumen fluid of a sheep. Hydrolyzes urea (Cook et. al., 2007)

Klebsiella oxytoca 0.03%
Opportunistic pathogen that causes hospital-acquired infections. Intestinal tract of healthy 
subjects (Hogenauer et. al., 2006) 
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Bacterial species
Quantity 

(%)
Note

Lachnospira pectinoschiza 0.2%
Isolated from intestinal tract and gingivae of humans and rumen of cattle. Utilizes pectin 
(Comick et. al., 1994) 

Lactobacillus delbrueckii 0.15%
Found in dairy products such as yogurt, milk, and cheese. Ferments sugar substrates into 
lactic acid (Del Rio et. al., 2007)

Lactobacillus mucosae 0.09% Isolated from pig intestine. Has mucus-binding activity (Roos et. al., 2000)

Lactobacillus plantarum 0.13%
Found in dairy, meat, and fermented vegetables. It is also found in the human gastrointestinal 
tract. Ferments sugars into lactic acid,  peptides, and exopolysaccharides (Adrian et. al., 
2008) 

Lactobacillus rogosae 0.08% Isolated from human intestine. Produces lactic and acetic acids (Felis et. al., 2004)
Lactobacillus ruminis 3.80% Isolated from human and animal intestine (Jassim, 2003)

Leuconostoc mesenteroides 0.04%
Found on fruits and vegetables. Responsible for initiating vegetable fermentation. Produces 
polysaccharides (Thunnel, 1995)

Mitsuokella jalaludinii 0.12% Isolated from rumen of cattle in Malaysia. Phytase-producing bacteria (Lan et. al., 2002)
Oscillospira 
guilliermondii

0.18% Found in the alimentary tract of herbivores (Chatton and Perard,1913)

Papillibacter 
cinnamivorans

0.07%
Isolated from anaerobic bacteria fed with shea cake, transforms cinnamate by degrading the 
aliphatic side chain to produce acetate and benzoate (Defnoun et. al., 2000)

Phascolarctobacterium 
faecium

0.39%
Isolated from koala feces. Involved in succinate fermentation process with a propionate 
end-product (Del Dot et. al., 1993)

Prevotella dentasini 0.17%
Found in the oral cavity of healthy and diseased individuals. Produces acid from D-glucose, 
glycerol, maltose, sucrose, and raffinose (Takada et. al., 2010)

Prevotella 
melaninogenica

0.09%
Generally found in the oral cavity. Opportunistic pathogen in humans. Also found in the 
rumen of cattle and sheep. Helps to break down proteins and carbohydrates (Yanagisawa 
et. al., 2006)

Prevotella salivae 0.09%
Isolated form the human oral cavity. Acetic and succinic acids are produced from 
L-arabinose, d-cellobiose, glucose, lactose, maltose, d-mannose, d-raffinose, salicin, sucrose, 
and D-xylose (Könönen, 1993)

Pyramidobacter piscolens 0.04%
Isolated from the human oral cavity. Produces acetic and isovaleric acids and minor-to-trace 
amounts of propionic, isobutyric, succinic, and phenylacetic acids (Downes et. al., 2009)

Salmonella typhi 0.03% Causes typhoid fever acute infectious disease (Song et. al., 2010)

Sarcina ventriculi 0.10%
Found in the gastric specimens of patients with gastroparesis. Implicated in the development 
of gastric ulcers, emphysematous, and gastric perforation (Ratuapli et. al., 2013)

Sphingobacterium 
daejeonense

0.03% Isolated from compost (Kim et. al., 2006)

Sporobacter termitidis 0.03% Isolated from the digestive tract of the wood-feeding termites (Grech-Mora et. al., 1996)

Streptococcus gordonii 0.03%
Member of the human oral flora. Creates biofilms in the human mouth. Causes bacterial 
endocarditis by entering the blood steam (Telford et. al., 2006)

Streptococcus salivarius 0.13%
Colonizes the mouth and upper respiratory tract of humans. An opportunistic pathogen. 
Causes septicemia in people with neutropenia (Chen, 1996)

Turicibacter sanguinis 0.23%
Isolated from a blood culture of a febrile patients with acute appendicitis (Bosshard et. al., 
2002)

TABLE 3. Bacterial species identified in group II subjects (continued from previous page).
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FIGURE 4. Distribution of different bacterial species in the 3rd group of subjects.

TABLE 4. Bacterial species identified in group III subjects  

Bacterial species Quantity (%) Note 

Alistipes indistinctus 0.21% Isolated from human feces. Ferments glucose with the formation of 
acetic and succinic acids (Nagai et. al., 2009)

Bacteroides ureolyticus 0.23%
Isolated from infections of the respiratory and intestinal tracts and from 
the buccal cavity, intestinal tract, urogenital tract, and blood after a 
dental extraction (Duerden et. al., 1982)

Clostridium hathewayi 0.32% Isolated from human feces. Produces acetate, ethanol, carbon dioxide, 
and hydrogen from glucose (Steer et. al., 2001)

Coprobacter fastidiosus 0.12% Isolated from infant feces. Utilizes carbohydrates to form propionic, 
acetic, and succinic acid (minor product) (Shkoporov et. al., 2013)

Eubacterium fissicatena 0.12% Isolated from the rumen and caecum of fistulated goats (Skerman et. 
al., 1980)

Hespellia porcina 0.12% Isolated from a pig manure storage pit (Whitehead et. al., 2004)

Mogibacterium timidum 0.39% Found in the deep pockets of periodontitis (human oral cavity). 
Involved in infectious oral disease (Casarin et. al., 2012)

Parabacteroides goldsteinii 0.21%
Human clinical specimens of intestinal origin. Produces acetic and 
succinic acids and minor amounts of isovaleric acid, propionic acid, 
and formic acid from carbohydrates (Sakamoto and Benno, 2006)

Paraprevotella xylaniphila 0.12% Isolated from the gut. Produces succinic and acetic acid end products 
from glucose metabolism (Morotomi et. al., 2009)

Parasporobacterium paucivorans 0.38% Found in freshwater sediments. Produces methanethiol and dimethyl 
sulfide from the methoxy groups of syringate (Lomans et. al., 2001)

Roseburia cecicola 0.17% Isolated from a mouse caecum. Ferments glucose and acetate to produce 
butyrate, ethanol, CO2, and H2 (Stanton and Savage, 1983)

Succinivibrio dextrinosolvens 0.24% Found in the rumen of cattle and sheep. Ferments glucose to form  
succinate, acetate, formate, and lactate (O´Herrin´ and Kenealy, 1993)

Thermoanaerobacterium 
thermosaccharolyticum 0.12% Isolated from enrichments at 65°C with dextran as the sole carbon 

source (Hoster et. al., 2001)
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CONCLUSION

In conclusion, we observed two prevalent types in the human 
gut microbiome, phyla Bacteroidetes and Firmicutes, which 
occurred independent of the subject’s age. However, there are 
significant differences in bacterial species composition between 
the three groups that can be explained by age. The highest 
diversity occurred in the middle-aged group; however, the 
diversity decreased in the elderly group. To better understand 
why species profile differs between the different age groups and 
the microbiome’s role in health and disease, further studies on 
gut microbiome composition need to be conducted.
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