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Abstract. The article presents the results of studies of gut microbiocenosis, as well as its metabolic features in young children 
born to mothers with gestational diabetes mellitus. The article examined the characteristics of gut microbiocenosis, as well 
as its metabolic features in early children born to mothers with gestational diabetes mellitus. The presence of intestinal 
microbiota balance disorders and its functional activity in the studied cohort of children is shown. Modern methods of gut 
microbiota investigation have been carried out and described. The gut microbiocenosis metabolite indices in the study 
groups of children were analyzed. It was concluded that the obtained results in the study groups of children have reliable 
deviations. Which makes experts pay attention to the possibility of the infl uence of the dysbiotic community of bacteria 
on the protective functions of biofi lm and the impact on the health of the child as a whole.
Key words: gut microbiocenosis; gestational diabetes mellitus; young children.

INTRODUCTION
In recent decades there is a large number of 

studies on the human gut microbiota in the medi-
cal community. Studies investigating the relation-
ship between the structure of the gut microbi-
ome and the presence of diabetes mellitus (DM) 

deserve special attention. In 2018, L. Zhou and 
X. Xiao conducted a study that found that altering 
a mother’s microbiota prior to delivery has impact 
on her metabolism of carbohydrates and fats, 
which may negatively aff ect the structure of the 
child’s gut microbiota. In this regard, the study of 
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the state of intestinal microbiota in children born 
to mothers with diabetes mellitus is not only rele-
vant, but also necessary.

AIM
The aim is to improve the diagnosis of gut mi-

crobial composition disorders in infants born to 
mothers with the gestational diabetes mellitus by 
determining the species composition and meta-
bolic activity of the gut microbiome.

MATERIALS AND METHODS
The study of gut microbiome (GM) included 105 

children aged 1–3 years among with 33 children 
from mothers with the gestational diabetes mellitus 
on insulin therapy (GDM IT), 42 children from moth-
ers with the gestational diabetes mellitus on diet 
therapy (GDM DT), 30 children from mothers with-
out the GDM (control group — CG) was carried out. 

We studied: species composition of the intesti-
nal microbiome; its functional state by concentra-
tions of short-chain fatty acids (SCFA). The species 
composition was studied by ngs sequencing of 
faeces. The concentration of short-chain fatty ac-
ids was analyzed by gas-liquid chromatography of 

acidifi ed supernatant of faeces. The biodiversity of 
the microbial community was taken as a measure 
of intestinal dysbiosis, which in biology is quantifi ed 
by the Shannon index, corresponds to the number 
of microbial species in the intestinal microbial com-
munity and is calculated according to the formula:

H = –∑n
i=1pilog2pi,

where
              

xipi = ______
         ∑n

i=1xi

The normalised Shannon index has a range 
of values from 0 to 1, which is suitable for inter-
preting the state of microbiocenosis. The data 
obtained during the study were statistically pro-
cessed using Statistica 8.0 and MS Offi  ce Excel 
2010 software packages.

RESEARCH FINDINGS
The study determined the distribution of mi-

croorganisms in the intestine of infants born to 
mothers with the GDM with a detailed breakdown 
by class and type using the 16s rRNA sequencing 
method (Table 1).

Table 1. Species of intestinal microorganisms in young children in the study groups, n=105, (Me [min; max])

Таблица 1. Типы микроорганизмов кишечника у детей раннего возраста в исследуемых группах, n=105 
(Ме [min; max])

Типы микроорганизмов ГСД ИТ, n=33 ГСД ДТ, n=42 КГ, n=30

Euryarchaeota 0 [0–0] 0 [0–0] 0 [0–0]

Actinobacteria 33,78** [17,29–42,05] 42,11 [38,24–56,08] 48,92  [32,8–69,15]

Bacteroidetes 0,37 [0,04–0,68] 0,11 [0,03–0,29] 0,17 [0,07–0,78]

Cyanobacteria 0 [0–0] 0 [0–0] 0 [0–0]

Firmicutes 63,25 [55,13–77,72] 57,62** [43,89–60,94] 48,99 [28,57–62,96]

Proteobacteria 0,33 [0,08–2,51] 0,17 [0,01–0,39] 0,51 [0,18–2,17]

Tenericutes 0 [0–0] 0 [0–0] 0 [0–0]

Verrucomicrobia 0 [0–0,02] 0 [0–0,02] 0 [0–0,19]

Notes.
GDM DT — the gestational diabetes mellitus, diet therapy; GDM IT — the gestational diabetes mellitus, insulin therapy; CG — 
control group; n – the number of children.
The Mann-Whitney U-criterion, p<0.05, was used to assess the statistical signifi cance of the frequencies of occurrence: * in the 
GDM group; ** in the CG..
Примечания. 
ГСД ДТ — гестационный сахарный диабет, диетотерапия; ГСД ИТ — гестационный сахарный диабет, инсулинотерапия; 
КГ — контрольная группа; n — количество детей.
Для оценки статистической значимости частот встречаемости использован U-критерий Манна–Уитни р<0,05: * в группе 
ГСД; ** в КГ
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According to the data obtained (Table 1), children 
from mothers with GDM IT and GDM DT showed no 
statistically signifi cant diff erences between each 
other. In general, Actinobacteria and Firmicutes are 
more frequently represented in the microbial land-
scape of young children. The Firmicutes is represen-
ted by obligate and facultative anaerobic bacteria 
and is the most common type of bacteria in the 
human intestine in the norm. Most representatives 
of the type are Gram-positive bacteria and are ca-
pable of forming endospores, which helps bacteria 

of this type to survive in unfavourable conditions 
and restore their population [1]. Actinobacteria 
type consists of both aerobic and anaerobic Gram-
positive bacteria, but contains more guanine and 
cytosine in its DNA structure than Firmicutes [2]. 
Bifi dobacteria spp. — are the most common bacte-
ria within this type in young children in the colonic 
microbiota [3]. But Actinobacteria in children from 
mothers with GDM IT were isolated in lower num-
bers than in children from CG (p=0.03). More in-
tensive growth of Firmicutes type bacteria was ob-

Fig. 1."Distribution of intestinal microorganism types in young children study groups
Рис. 1."Распределение типов микроорганизмов в кишечнике у детей раннего возраста исследуемых групп

Fig. 2. Ratio of Actinobacteria and Firmicutes in the intestines of young children study groups
Рис. 2. Отношение Actinobacteria и Firmicutes в кишечнике детей раннего возраста исследуемых групп



Children’s Medicine of the North-West
2023/ Vol. 11 № 1

62 ORIGINAL PAPERS

ISSN 2221-2582

served in children from mothers with GDM DT in 
early childhood than in CG (p=0.04), which may 
indicate the presence of favourable conditions for 
uncontrolled growth of opportunistic and patho-
genic bacteria, disturbance of balance within the 
microbial community and formation of dysbio-
sis. Proteobacteria and Bacteroidetes are inferior in 
number to Actinobacteria and Firmicutes, which 
corresponds to the structure of diff erentiated gut 
microbiome of young children [4]. Verrucomicrobia, 
Euryarchaeota, Tenericutes and Cyanobacteria are 
isolated in smaller numbers.

Let us consider the Figure 1 in order to illustrate 
the quantitative distribution of intestinal microor-
ganism types in children of the studied groups.

Thus, Figure 1 clearly depicts the obtained 
data: Actinobacteria and Firmicutes have the hig-
hest representation among other types of mi-
croorganisms. It can be noted that for all the stu-
died groups of children at early age, the ratio of 
Proteobacteria and Bacteroidetes has no statistical 
signifi cance or a pronounced tendency to favour 
one or the other type of bacteria.

We were interested to study the ratio between 
Actinobacteria and Firmicutes bacterial types, 
which is presented in Figure 2.

Based on the data obtained (Figure 2), it can be 
assumed that in children from mothers with GDM 
in general there is a tendency to decrease the rela-
tive representation of Actinobacteria to Firmicutes. 
The median values and variation of the relative rep-
resentation of Actinobacteria and Firmicutes in chil-
dren from mothers with GDM are signifi cantly dif-
ferent from those in the CG. This indicates that the 
balance in the microbial community is disturbed, 
which may lead to increased risks of pathological 
processes associated with dysbiosis starting in the 
early age in children of the experimental groups.

The revealed peculiarities of the ratio of dom-
inant types of bacteria are associated with chan-
ges in gut microbiome biodiversity. It is known 
that changes in biodiversity are characterised by 
the Shannon alpha biodiversity index, which in-
creases with the number of species representation 
[5]. Changes in the Shannon index in the studied 
groups of children are presented in Figure 3.

According to the results (Fig. 3), there is a ten-
dency to increase the degree of biodiversity from 
KG to GDM DT and further to GDM IT, which once 
again indicates a violation of get microbiome for-
mation and the presence of dysbiotic changes in 
children of this cohort.

Table 2. Species composition of the gut microbiome of young children study groups, n=105 (Me [min; max])

Таблица 2. Видовой состав микробиома кишечника детей раннего возраста исследуемых групп, n=105 (Ме 
[min; max])

Species of microorganisms /
Виды микроорганизмов

GDM IT, n=33 /
ГСД ИТ, n=33

GDM DT, n=42 /
ГСД ДТ, n=42

CG, n=30 /
КГ, n=30

Actinobacteria

Actinomyces spp. 4,57** [0–14,8] 0 [0–17,7] 0 [0–0,1]

Bifi dobacterium bifi dum 0 [0–0] 0 [0–0] 0 [0–0]

Bifi dobacterium spp. 2,4 [0–7,8] 0,07 [0–0,73] 0,17 [0–3,13]

Varibaculum spp. 0 [0–0] 0 [0–0,03] 0 [0–0]

Adlercreutzia spp. 0 [0–0,13] 0 [0–0,37] 0 [0–0]

Rothiamucilaginosa 1,9 [0,43–6] 0,77 [0,33–1,63] 0,5 [0–2,47]

Eggerthella spp. 0,03 [0–0,2] 0,2** [0,03–0,67] 0 [0–0,07]

Collinsella stercoris 0 [0–0,07] 0 [0–0] 0 [0–0,03]

Eggerthella lenta 0 [0–0,07] 0 [0–0] 0 [0–0]

Bifi dobacterium adolescentis 0,13 [0,03–2,2] 0,07 [0–0,5] 0,37 [0,1–2,53]

Bacteroidetes

Sediminibacterium spp. 0 [0–0] 0 [0–0,03] 0 [0–0,17]

Bacteroideso vatus 0 [0–0,53] 0 [0–0] 0 [0–0,4]

Bacteroides caccae 0 [0–0,07] 0,03 [0–0,13] 0 [0–0]
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Species of microorganisms /
Виды микроорганизмов

GDM IT, n=33 /
ГСД ИТ, n=33

GDM DT, n=42 /
ГСД ДТ, n=42

CG, n=30 /
КГ, n=30

Prevotella copri 0 [0–0,03] 0 [0–0,03] 0 [0–0]

Parabacteroides spp. 0 [0–0,03] 0 [0–0,07] 0 [0–0]

Bacteroides uniformis 0 [0–0,03] 0 [0–0,07] 0,03 [0–0,9]

Bacteroides spp. 0 [0–0,17] 0,03 [0–0,1] 0 [0–0,07]

Firmicutes

Coprococcus catus 0,07** [0,03–0,07] 0,03 [0–0,1] 0 [0–0,03]

Clostridiales 0,03  [0–3,8] 1,6 [0–3,4] 0 [0–8,7]

Dialister spp. 0,47 [0–5,7] 0 [0–8,73] 0 [0–4,3]

Bulleidiamoorei 9,77 [2,8–33,8] 21,4 [13,2–37,7] 45,8 [24,5–56,8]**

Lactococcus spp. 0 [0–0] 0 [0–0] 0 [0–0]

Lachnospira spp. 0 [0–0,07] 0 [0–0] 0 [0–0]

Veillonella spp. 0 [0–0] 0 [0–0] 0 [0–0]

Ruminococcus spp. 0 [0–0] 0 [0–0] 0 [0–0]

Turicibacter spp. 0,27 [0–0,5] 0,13 [0–0,53] 0,13 [0–0,73]

Coprococcus spp. 0 [0–0] 0 [0–0] 0 [0–0]

Anaerostipes spp. 0 [0–0,47] 0,03 [0–1,4] 0 [0–0,07]

Clostridium neonatale 0 [0–0,03] 0,03 [0–0,13] 0,07 [0–0,47]

Peptoniphilus spp. 1,83 [0,23–7,27] 1,43 [0,17–6,1] 0,67 [0,2–1,17]

Clostridium butyricum 0 [0–0,2] 0 [0–0,03] 0 [0–0]

Ruminococcus bromii 0 [0–0] 0 [0–0,03] 0 [0–0]

Peptostreptococcus anaerobius 0,07 [0–1,67] 0 [0–1,37] 0,03 [0–0,3]

Clostridium hiranonis 8,4 [1,97–12,3] 4,2 [0,57–8,5] 0,43 [0–2,33]**

Lactobacillales 0 [0–0] 0 [0–0] 0 [0–0]

Dorea formicigenerans 0 [0–0,03] 0 [0–0] 0 [0–0]

Peptostreptococcusspp. 0,1 [0–0,2] 0 [0–0,1] 0 [0–0,03]

Lachnospiraceae 0,07 [0–1,83] 0 [0–0,03] 0 [0–0]

Anaerococcus spp. 0 [0–0] 0 [0–0] 0 [0–0]

Ruminococcus spp. 0 [0–0] 0 [0–0,03] 0 [0–0]

Roseburia spp. 0 [0–0,2] 0 [0–1,03] 0 [0–0]

Veillonellaceae 0 [0–1,77] ** 0 [0–0] 0 [0–0]

Blautia producta 0,5 [0–0,8] * 0 [0–0,13] 0 [0–0,37]

Ruminococcus torques 0 [0–0,03] 0 [0–0,03] 0 [0–0,03]

Lactobacilluszeae 0 [0–0] 0 [0–0,03] 0 [0–0]

Lachnobacterium spp. 0 [0–0,03] 0 [0–0,03] 0 [0–0,03]

Enterococcaceae 0 [0–0] 0 [0–0] 0 [0–0]

Dorea spp. 0,03** [0–0,3] 0,17 [0,03–0,5] 0,5 [0,07–1,83]

Clostridium perfringens 0 [0–0,03] 0 [0–0] 0 [0–0]

Streptococcus spp. 16,4 [2,57–25,5] 16,8 [8,03–24,7] 10,2 [0,13–22,4]

Staphylococcus spp. 0 [0–0] 0 [0–0] 0 [0–0]

Continuation of the Table 2 / Продолжение табл. 2
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Species of microorganisms /
Виды микроорганизмов

GDM IT, n=33 /
ГСД ИТ, n=33

GDM DT, n=42 /
ГСД ДТ, n=42

CG, n=30 /
КГ, n=30

Streptococcus agalactiae 0,33 [0,03–1,1] 0,23 [0,1–3,17] 0,07 [0–0,37]

Lactobacillus spp. 0 [0–0] 0 [0–0] 0 [0–0]

Lactobacillaceae 0,03 [0–0,07] 0 [0–0,03] 0 [0–0,03]

Eubacterium spp. 0 [0–0] 0 [0–0] 0 [0–0]

Coprobacillus spp. 0 [0–0] 0 [0–0] 0 [0–0]

Blautia spp. 0 [0–0] 0 [0–0] 0 [0–0]

SMB53 spp. 0 [0–0] 0 [0–0] 0 [0–0,03]

Bacillus spp. 0 [0–0] 0 [0–0] 0 [0–0]

Erysipelotrichaceae 0 [0–0] 0 [0–0] 0 [0–0,3]

Proteobacteria

Alphaproteobacteria 0 [0–0] 0 [0–0] 0 [0–0]

Acetobacteraceae 0 [0–0] 0 [0–0] 0 [0–0]

Vibrionaceae 0 [0–0,07] 0 [0–0] 0 [0–0,17]

Burkholderiabryophila 0 [0–0,03] 0 [0–0] 0 [0–0]

Proteobacteria 0 [0–0] 0 [0–0] 0 [0–0]

Sutterella spp. 0 [0–0] 0 [0–0] 0 [0–0]

Bilophila spp. 0,13 [0,03–0,5] 0,03 [0–0,47] 0,07 [0–0,5]

Nitrosomonadaceae 0,83 [0,17–6,6] 2,3 [0,2–3,83] 0,43 [0–2,9]

Thiotrichaceae 0 [0–0] 0 [0–0,07] 0 [0–0]

Acinetobacter spp. 2,37 [0,87–6,63] 2,13 [1,07–6,9] 3,5 [0,67–12,3]

Hydrocarboniphaga spp. 0,03 [0–0,43] 0,2 [0–0,33] 0 [0–0,2]

Enterobacteriaceae 0 [0–0] 0 [0–0] 0 [0–0]

Xanthobacteraceae 1,77** [0,87–3,93] 0,33 [0,07–4,7] 0,53 [0–1,1]

Tenericutes

RF39 0 [0–0] 0 [0–0] 0 [0–0]

Verrucomicrobia

Akkermansia muciniphila 0 [0–0] 0 [0–0] 0 [0–0]

Cyanobacteria

Streptophyta 0 [0–0] 0 [0–0] 0 [0–0]

Euryarchaeota

ANME-1 0 [0–0] 0 [0–0] 0 [0–0]

Bacteria

Bacteria 0,27 [0–2,77] 0,63 [0,03–3,93] 0,17 [0–1,07]

Notes.
GDM DT — the gestational diabetes mellitus, diet therapy; GDM IT — the gestational diabetes mellitus, insulin therapy; CG — 
control group; n – the number of children.
The Mann-Whitney U-criterion, p<0.05, was used to assess the statistical signifi cance of the frequencies of occurrence: * in the 
GDM group; ** in the CG..
Примечания.
ГСД ДТ — гестационный сахарный диабет, диетотерапия; ГСД ИТ — гестационный сахарный диабет, инсулинотерапия; 
КГ — контрольная группа; n — количество детей.
Для оценки статистической значимости частот встречаемости использован U-критерий Манна–Уитни р <0,05. 
Достоверные различия обозначены в таблице: * — между ГСД ИТ и ГСД ДТ; ** — между ГСД и КГ.

Ending of the table 2 / Окончание табл. 2
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To assess in detail the changes in gut micro-
biome composition in the studied groups of chil-
dren, the species composition of microorganisms 
was studied (Table 2).

The data presented in Table 2 confi rmed that 
the largest number of microbial species deter-
mined by NGS sequencing were Firmicutes. The 
number of represented bacterial species of this 
type decreases in a row:

• in the GDM IT group: Streptococcus spp. — 
16%, Bulleidiamoorei — 10%, Clostridium 
hiranonis  — 8%, Actinomyces spp. — 5%, 
Bifi dobacterium spp.  — 2%, Acinetobacter 
spp.  — 2%, Rothiamuci laginosa — 2%, Pep-
toniphilus spp.  — 2%, Xantho bacteraceae  — 
2%;

• in the GDM DT group:: Bulleidiamoorei — 
21%, Streptococcus spp. — 17%, Clostridium 
hiranonis  — 4%, Nitrosomonadaceae — 2%, 
Acinetobac ter spp. — 2%, Clostridiales — 2%, 
Peptoniph i lus spp. — 1%;

• in the control group: Bulleidiamoorei — 46%, 
Streptococcus spp. — 10%, Acinetobacter 
spp. — 3%. 

Thus, 9 dominant microorganism species 
were detected in children born to mothers with 
the GDM IT, 7 microorganism species in the GDM 
DT group, and 5 microorganism species in the CG 
group. In the GDM IT group Streptococcus spp. was 
the dominant microorganism, but among other 
dominant opportunist species Bifi dobacterium 

spp. were identifi ed. Bulleidiamoorei dominates 
in the GDM DT and in the CG. But Bulleidiamoorei 
was signifi cantly less frequent in children from 
mo thers with the GDM IT (9.77 Lg/KOU (p<0.01)) 
and the GDM DT (21.4 Lg/KOU (p=0.033)) than in 
CG (45.8 Lg/KOU). Clostridium hiranonis was iso-
lated in higher numbers in children from mothers 
with the GDM IT (8.4 Lg/COE (p=0.023)) and the 
GDM DT (4.2 Lg/COE (p=0.041)), relative to the 
CG (0.43 Lg/COE). Clostridium hiranonis belong to 
cluster XI of the genus Clostridium (a cluster inclu-
ding pathogens such as C. diffi  cile) and can cause 
infectious diseases under favourable conditions 
[6]. Increased representation of Actinomyces spp. 
was observed in the GDM IT group, which was not 
observed in the CG (p=0.023). Representatives of 
the Actinomyces are saprophytes of humans, can 
cause actinomycosis, but their ability to secrete 
biologically active substances capable of selec-
tively inhibiting the viability of other bacteria has 
also been established [7]. Eggerthella spp. (which 
associated with lipid metabolism, is a representa-
tive of the wall-adhered microbiota, a representa-
tive of normal fl ora, but in immunocompromised 
people causes bacteraemia [8, 9]), in greater num-
bers isolated in children from mothers with the 
GDM DT than in the CG (p=0.029). Coprococcus ca-
tus (which can switch from butyrate to propio nate 
production, is a representative of resident micro-
fl ora, but under certain conditions can cause in-
fl ammation in the intestine [10]), more isolated 

Fig. 3. Gut microbial community biodiversity index in young children study groups
Рис. 3. Индекс биоразнообразия микробного сообщества кишечника у детей раннего возраста исследуемых групп
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in children from mothers with the GDM IT than in 
the CG (p=0.045). Veillonellaceae (is a represen-
tative of resident microfl ora, but under certain 
conditions can cause infl ammation in the intes-
tine [11]), more isolated in children from mothers 
with the GDM IT than in the CG (p=0.04). Blautia 
producta (the representative of resident micro-
fl ora, elevated levels observed in irritable bowel 
syndrome, now identifi ed as potentially probiotic 
for humans [12]), more isolated in children from 
mothers with the GDM IT than in the GDM DT 
(p=0.049). Dorea spp. (which associated with fl a-
tulence syndrome [13]), isolated in lower numbers 
in children from mothers with the GDM IT than in 
the CG (p=0.037). Xanthobacteraceae (which in-
completely studied) was isolated in higher num-
bers in children from mothers with the GDM IT 
than in the CG (p=0.025).

Thus, in children born to mothers with the 
GDM, an increase in dysbiotic changes and bio-
diversity of potentially pathogenic bacteria in the 
intestine is noted. But in children from mothers 
with GDM IT also revealed an increase in benefi -
cial bacteria and microorganisms capable of com-
peting with pathogens for nutrient substrate and 
restrain their growth in the gut microbiota. 

Despite the fact that compensatory mecha-
nisms of gut microbiota regulation are presented 
both in children from mothers with GDM IT and 
in children from mothers with GDM DT, changes 
in the microbiocenosis may lead to disorders of 
digestion (malassimilation) and absorption (ma-
labsorption). Nutrient defi ciencies, the predo-
minance of catabolism over anabolism, metabolic 
disorders in the future will have a negative impact 
on the growth and development of children from 
mothers with GDM.

The authors of the article state that there 
are no confl icts of interest.

Авторы статьи утверждают об отсутствии 
конфликтов интересов.

REFERENCES
1. Arumugam M., Raes J., Pelletier E. et al. Enterotypes 

of the human gut microbiome. Nature. 2011; 474: 666.
2. Brown J., de Vos W.M., DiStefano P.S. Translating 

the  human microbiome. Nat Biotechnol. 2013; 31: 
304–8.

3. Ursova N.I. Mikrobiotsenoz otkrytykh biologiche-
skikh sistem organizma v protsesse adaptatsii k 
okruzhayushchey srede [Microbiocenosis of open 
biological systems of the body in the process of 

adap tation to the environment]. Russkiy meditsins-
kiy zhurnal. 2004; 16: 957. (in Russian).

4. Ley R.E. Obesity and the human microbiome. Curr 
Opin Gastroenterol. 2010; 26: 5–11.

5. Zatevalov A.M., Aloshkin V.A., Sel’kova Ye.P., Gren-
kova T.A. Opredeleniye kriticheskoy dlya funktsio-
nal’noy aktivnosti normal’noy mikrofl ory kishech-
nika i rotoglotki velichiny kontsentratsii maslyanoy 
kisloty v kale patsiyentov otdeleniya reanimatsii i 
intensivnoy terapii, nakhodyashchikhsya na zondo-
vom pitanii [Determination of the concentration of 
butyric acid in the feces of patients in the resuscita-
tion and intensive care unit who are on a tube feed-
ing, which is critical for the functional activity of the 
normal microfl ora of the intestine and oropharynx]. 
Fundamental’naya i klinicheskaya meditsina. 2017; 2 
(1): 14–22. (in Russian).

6. Yutin N., Galperin M.Y. A genomic update on clostri-
dial phylogeny: Gram-negative spore formers and 
other misplaced clostridia. Environ Microbiol. 2013; 
15(10): 2631–41. DOI: 10.1111/1462–2920.12173. Epub 
2013 Jul 9. 

7. Sergeyeva A.G., Kuimova N.G. Aktinomitsety kak 
produtsenty biologicheski aktivnykh veshchestv 
[Actinomycetes as producers of biologically active 
substances]. Byulleten' fi ziologii i patologii dykha-
niya. 2006; S22. (in Russian).

8. Cho G.S., Ritzmann F., Eckstein M. et al. Quantifi ca-
tion of Slackia and Eggerthella spp. in Human Feces 
and Adhesion of Representatives Strains to Caco-2 
Cells. Front Microbiol. 2016; 7: 658. DOI: 10.3389/
fmicb.2016.00658. 

9. Jiang S., Wang D., Zou Y. et al. Eggerthella lenta bac-
teremia successfully treated with ceftizoxime: case 
report and review of the literature. Eur J Med Res. 
2021; 26(1): 111. DOI: 10.1186/s40001–021–00582-y. 

10. Reichardt N., Duncan Sh., Young P. et al. Phyloge-
netic distribution of three pathways for propionate 
production within the human gut microbiota. ISME 
J. 2014; 8(6): 1323–35. DOI: 10.1038/ismej.2014.14. 

11. Campbell C., Adeolu M., Gupta R.S. Genome-based 
taxonomic framework for the class Negativicutes: di-
vision of the class Negativicutes into the orders Sele-
nomonadales emend., Acidaminococcales ord. nov. 
and Veillonellales ord. nov. Int J Syst Evol Microbiol. 
2015; 65(9): 3203–15. DOI: 10.1099/ijs.0.000347. 

12. Liu X., Guo W., Cui S. et al. A Comprehensive Assess-
ment of the Safety of Blautia product DSM 2950. Mi-
croorganisms. 2021; 9(5): 908. DOI: 10.3390/microor-
ganisms9050908. 

13. Karpeyeva Yu.S., Novikova V.P., Khavkin A.I. i dr. 
Mikrobiota i bolezni cheloveka: vozmozhnosti 
diye ticheskoy korrektsii [Microbiota and human 



Children’s Medicine of the North-West
2023/ Vol. 11 № 1

67ОРИГИНАЛЬНЫЕ СТАТЬИ

ISSN 2221-2582

diseases: possibilities of dietary correction]. Ros. 
Vestn. Perinatol. i pediatr. 2020; 65(5): 116–25. DOI: 
10.21508/1027-4065-2020-65-5-116-125. (in Russian).

14. Huang C.B., Alimova Y., Myers T.M., Ebersole J.L. 
Shortand medium-chain fatty acids exhibit antimi-
crobial activity for oral microorganisms. Arch Oral 
Biol. 2011; 56(7): 650–4. DOI: 10.1016/j.archoral-
bio.2011.01.011.

15. Zatevalov A.M., Sel'kova Ye.P., Afanas'yev S.S. i dr. 
Otsenka stepeni mikrobiologicheskikh narusheniy 
mikrofl ory rotoglotki i kishechnika s pomoshch'yu 
metodov matematicheskogo modelirovaniya 
[Evalu ation of the degree of microbiological disor-
ders of the microfl ora of the oropharynx and intes-
tines using methods of mathematical modeling]. 
Klinicheskaya laboratornaya diagnostika. 2016; 
61(2): 117–21. DOI 10.18821/0869–2084–2016–61–2-
117–121. (in Russian).

16. Ardatskaya M.D., Minushkin O.N. Probiotiki v leche-
nii funktsional'nykh zabolevaniy kishechnika 
[Probiotics in the treatment of functional bowel 
diseases]. Eksperimental'naya i klinicheskaya gastro-
enterologiya. 2012; 3: 106–13. (in Russian).

ЛИТЕРАТУРА
1. Arumugam M., Raes J., Pelletier E. et al. Enterotypes of 

the human gut microbiome. Nature. 2011; 474: 666.
2. Brown J., de Vos W.M., DiStefano P.S. Translating the 

human microbiome. Nat Biotechnol. 2013; 31: 304–8.
3. Урсова Н.И. Микробиоценоз открытых биологи-

ческих систем организма в процессе адаптации 
к окружающей среде. Русский медицинский жур-
нал. 2004; 16: 957. 

4. Ley R.E. Obesity and the human microbiome. Curr 
Opin Gastroenterol. 2010; 26: 5–11.

5. Затевалов А.М., Алёшкин В.А., Селькова Е.П., 
Гренкова Т.А. Определение критической для 
функцио нальной активности нормальной ми-
крофлоры кишечника и ротоглотки величины 
концентрации масляной кислоты в кале пациен-
тов отделения реанимации и интенсивной тера-
пии, находящихся на зондовом питании. Фунда-
ментальная и клиническая медицина. 2017; 2 (1): 
14–22.

6. Yutin N., Galperin M.Y. A genomic update on clostri-
dial phylogeny: Gram-negative spore formers and 
other misplaced clostridia. Environ Microbiol. 2013; 
15(10): 2631–41. DOI: 10.1111/1462–2920.12173. Epub 
2013 Jul 9. 

7. Сергеева А.Г., Куимова Н.Г. Актиномицеты как 
продуценты биологически активных веществ. 
Бюллетень физиологии и патологии дыхания. 
2006; S22.

8. Cho G.S., Ritzmann F., Eckstein M. et al. Quantifi ca-
tion of Slackia and Eggerthella spp. in Human Feces 
and Adhesion of Representatives Strains to Caco-2 
Cells. Front Microbiol. 2016; 7: 658. DOI: 10.3389/
fmicb.2016.00658. 

9. Jiang S., Wang D., Zou Y. et al. Eggerthella lenta bac-
teremia successfully treated with ceftizoxime: case 
report and review of the literature. Eur J Med Res. 
2021; 26(1): 111. DOI: 10.1186/s40001–021–00582-y. 

10. Reichardt N., Duncan Sh., Young P. et al. Phyloge-
netic distribution of three pathways for propio-
nate production within the human gut micro-
biota. ISME J. 2014; 8(6): 1323–35. DOI: 10.1038/
ismej.2014.14. 

11. Campbell C., Adeolu M., Gupta R.S. Genome-based 
taxonomic framework for the class Negativicutes: 
division of the class Negativicutes into the orders 
Selenomonadales emend., Acidaminococcales ord. 
nov. and Veillonellales ord. nov. Int J Syst Evol Micro-
biol. 2015; 65(9): 3203–15. DOI: 10.1099/ijs.0.000347.

12. Liu X., Guo W., Cui S. et al. A Comprehensive Assess-
ment of the Safety of Blautia product DSM 2950. Mi-
croorganisms. 2021; 9(5): 908. DOI: 10.3390/microor-
ganisms9050908.

13. Карпеева Ю.С., Новикова В.П., Хавкин А.И. и др. 
Микробиота и болезни человека: возможности 
диетической коррекции. Рос. Вестн. Перинатол. 
и педиатр 2020; 65(5): 116–25. DOI: 10.21508/1027–
4065–2020–65–5-116–125.

14. Huang C.B., Alimova Y., Myers T.M., Ebersole J.L. 
Shortand medium-chain fatty acids exhibit antimi-
crobial activity for oral microorganisms. Arch Oral 
Biol. 2011; 56(7): 650–4. DOI: 10.1016/j.archoral-
bio.2011.01.011.

15. Затевалов А.М., Селькова Е.П., Афанасьев С.С. 
и  др. Оценка степени микробиологических на-
рушений микрофлоры ротоглотки и кишечника 
с помощью методов математического моделиро-
вания. Клиническая лабораторная диагностика. 
2016; 61(2): 117–21. DOI: 10.18821/0869-2084-2016-
61-2-117-121.

16. Ардатская М.Д., Минушкин О.Н. Пробиотики в ле-
чении функциональных заболеваний кишечника. 
Экспериментальная и клиническая гастроэнте-
рология. 2012; 3: 106–13.


