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ABSTRACT

Aim. To study the blood microbiome taxonomy in patients with metabolically healthy obesity (MHO) and
metabolically unhealthy obesity (MUHO).

Materials and methods. The study included healthy donors without obesity (n = 116) and obese patients who
were divided into subgroups with MHO (n = 36) and MUHO (n = 53). Bacterial DNA isolated from blood samples
was subject to metagenomic sequencing of the v3—v4 variable region in the 16S rRNA gene. We compared the
frequency of isolating certain taxa from the samples and the proportion of these taxa in the total pool of bacterial
DNA in the blood.

Results. MUHO patients showed an increase in Lachnospiraceae, Ruminococcaceae, and Prevotellaceae, which
are the main taxa in gut microbiota. This may indicate greater intestinal permeability in such patients. Obese
patients, regardless of the metabolic phenotype of obesity, more often had Rhodobacteraceae, Streptomycetaceae,
Leuconostocaceae, and Burkholderiaceae DNA in their blood. Nocardioidaceae, Flavobacteriaceae,
Hyphomicrobiaceae, and Gaiellaceae DNA were more frequently present in the blood microbiome of patients with
MHO, whereas MUHO patients more often had S24-7, Nocardiaceae, and Helicobacteraceae DNA in their blood.
Many members of these families inhabit soil and water, which may indicate increased skin barrier permeability in
obese patients. Additionally, a higher number of Helicobacteraceae-positive blood samples in the MUHO patient
group may indicate increased translocation from the stomach.

Conclusion. Obesity is accompanied by changes in the taxonomic composition of the blood microbiome. Moreover,
the nature of the changes depends on the metabolic phenotype of obesity and the permeability of external barriers.

Keywords: blood microbiome, bacterial DNA in blood, obesity, metabolically healthy obesity, metabolically
unhealthy obesity
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KPOBU Y NaLieHTOB C pasInyHbiMN MeTabonnyeckumm ¢peHoTnamm
OXXMpeHnna
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! Poccutickuil nayuonanbuwlil ucciedosamenvbckuil meouyunckuil ynusepcumem (PHUMY) um. H . ITupozosa
Poccus, 117997, 2. Mockaa, yn. Ocmposumsinosa, 1
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Poccus, 117218, 2. Mockea, np. Haxumoseckuu, 32

3 Dedepanvubiil HayuHo-KIUHUYECKUll yenmp peanumamonozuu u peaburumonozuu (PHKI] PP) um. B.A. He2o6x020
Poccus, 107031, 2. Mocksa, yn. [lempoexa, 25/2

* Kazanckuii (Ilpusonsccrkuti) pedepanvuviti ynusepcumem (K®OY)
Poccus, 420008, 2. Kazans, yn. Kpemnesckas, 18

3 [Jenmp cmpame2uyuecko20 NAGHUPOBAHUSL U YAPABICHUS MeOUKO-OUO02ULECKUMU PUCKAMU 300POBbIO
Poccus, 119121, 2. Mockea, Ilocoounckas, 10/1

¢ HayuoHanbHoitli MEOUYUHCKULL UCCAE008AMENbCKUL YEHMP OEMCKOU 2eMAMMON02UL, OHKOI02UU U UMMYHOIO2UU
(HMHUL] T OHN) um. Imumpus Pocauesa
Poccusa, 117997, 2. Mocksa, yn. Camopwer Mawena, 1, I'CII-7

PE3IOME

Henb. 3y4nTh TAKCOHOMUYECKUIT COCTaB MUKPOOHOMa KPOBH y MALEHTOB CO CIEAYIOIMMH (QECHOTHIAMH: MeTa-
Oommyecku 310poBbIM oxkupeHreM (M30) u MeTabonudyecku He3nopoBeIM oxxupenueM (MH30).

MatepuaJsl 1 MeTOAbI. B nccienoBanme BKIIOUEHBI 310pOBBIE TOHOPHI 0e3 oxxupeHus (n = 116) 1 maueHTs ¢
OKHUpEHHEM, KoTopble OblH paszaenensl Ha noarpymnisl ¢ M30 (n =36) u MH30 (n = 53). 113 00pa31ioB BeHO3HOH
KpoBU BbleNsIM GakrepuanbHyto JJHK u mpoBoamiu MeTareHoOMHOE CeKBEHUPOBAHHE BapHaOeIbHOTO y4acTKa
v3—v4 rena 16S pPHK. CpaBHuBanach kKak 4acToTa BBIJCICHUS OTICIBHBIX TAKCOHOB U3 00pa3LoB, TaK U J0JI,
MIPUXOAALIASCS HA 3TH TAaKCOHBI B 00mieM myie Oakrepuansaoit JIHK kposu.

PesyabTatsl. /s nanuenros ¢ MH30 6buto xapaktepHo yBenmuenue noiau Lachnospiraceae, Ruminococcaceae
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u Prevotellaceae, KOTOpbIE SBJIAIOTCS OCHOBHBIMH MPEICTABHTEISIMH KUIIEYHOI MHUKPOOMOTBI, YTO MOXKET SB-
JATBCS CIIEACTBHEM OOJIbIIEH KUIIEYHOH NPOHMIAEMOCTH, XapaKTepHON Ui TaKHX MalMeHTOB. BHe 3aBucH-
MOCTH OT MeTaboJINYecKoro ()eHOTHIIa y TALMEHTOB C OXKUPEHHEM M3 00pasloB KpoBH yaiie Beiaensuiack JJHK
Rhodobacteraceae, Streptomycetaceae, Leuconostocaceae n Burkholderiaceae. I[Ipu M30 Ttaxke wame oOHapy-
skuBanack B kpoBu JJHK Nocardioidaceae, Flavobacteriaceae, Hyphomicrobiaceae u Gaiellaceae, a y manueHToB ¢
MH30 — S24-7, Nocardiaceae u Helicobacteraceae. MHOTHE TpeICTABUTENN ITUX CEMEHCTB SBISIOTCS OOHUTaTe-
JISIMH TIOYB M BOJ], YTO MOXKET CBUJIETEIbCTBOBATh 00 YCUIICHUH MIPOHUIIAEMOCTH KOXKHOTO Oapbepa y HaIllMeHTOB C
oxxupenneM. Taxke Oonpiras mpeacraBieHHOCTh Helicobacteraceae y manuerros ¢ MH30 MoeT ykasbIBaTh Ha
YCHIICHHE TPAHCIIOKAILMHU U3 KEeNyaKa.

3akioyenue. O)XUpEHHE TPUBOAUT K BHIPAXKCHHBIM HU3MEHEHHUSM B TAKCOHOMHYECKOM COCTaBe MHKpOOHMOMa
KPOBH, IPH 3TOM XapaKTep M3MEHEHHMil 3aBHUCHT OT METa0O0JIMYeCKOro (hPeHOTHNA OXKUPEHHUS M HNPOHUIAEMOCTH
BHEIIHUX 0apbepoB.

Kawuessble ciioBa: MUKpoOuoM KpoBH, bakTepuanbHas JJHK kpoBu, oxupeHne, METabOIMIESCKU 370POBOE OXKHU-
peHue, MeTaboIMYECKH HE3I0POBOE OXKHPEHHE

KoH(JuKT HHTEepecoB. ABTOPHI JACKIAPUPYIOT OTCYTCTBHE SIBHBIX U MOTCHIHUAIBHBIX KOH(QIUKTOB UHTEPECOB,
CBSI3aHHBIX C IMyOJUKAIUECH HACTOSIICH CTAThU.

Hcrounuk punancupoBanus. Pabora BeimonHeHa B pamkax gorosopa Ne 0373100122119000041 mo mpoekty
«Coznanne OaHka GHO0OPA3IOB CHIBOPOTKH KPOBH U (DeKanuii OT 3MOPOBBIX TOHOPOB M IALIMEHTOB C OKHPEHHU-
€M, MeTaboJIMYEeCKMM CHHAPOMOM, caxapHbiM auaberoMm II Tuma, HapyIIeHHEM MYKO3aJIbHOTO Oapbepa jKely104-
HO-KHIIEYHOTO TPaKTa C IIEJIBIO BBISABICHUS KaHIUIATHBIX BUIOHECTICHHU(DHYESCKUX MEIHAaTOPOB CHCTEM quorum
sensing MEKpOOHOTHI YeJIOBEKa, MOAYIHPYIOMINX YHIOKPHHHYIO 1 METa00INIECKYI0 OYHKIUIO JKUPOBOI TKAHM.

CooTBeTCTBHE NPUHIUIAM 3THKH. Bce nmanuenTs! noanucany MHGOPMUPOBAHHOE COIIacHe Ha y4acTHE B HC-
cnenoBanuu. MccnenoBanue o1o0peHo JoKanbHbIM dTHdeckuM komuteroM PHUMY um. H.U. ITuporosa (mpoto-
kos Ne 186 ot 26.06.2019) u PoctTTMY (mportokos Ne 20/19 ot 12.12.2019).

s uutupoBanus: KomecuukoBa M.M., Kap6emmes M.C., 'anonoB A.M., Xycunytaunosa /[.P., I'puropse-
Ba T.B., Kamansnunosa /JI.P., bopucenko O.B., Makapos B.B., IOqua C.M., Pymsannes C.A., lllectonanos A.B.
OCco0EHHOCTH TaKCOHOMHUECKOW NpuHamIexHocTn Oakrepuanbaoi JJHK kpoBu y mamueHTOB ¢ pa3IndHBIMU
MeTa00MNYeCKUMH (PEHOTUIIAMU OXKHUPEHUs bronremens cubupckoi meouyurnvl. 2023;22(2):61-67. https://doi.
org/10.20538/1682-0363-2023-2-61-67.

INTRODUCTION

Since the beginning of the XX century and the de-
velopment of DNA sequencing technologies, works
have appeared demonstrating the presence of bacterial
DNA encoding 16S rRNA in blood samples obtained
from both healthy individuals and patients with vari-
ous pathologies [1-3]. To date, evidence of the pres-
ence of human blood microbiome is undoubtful, but
its role in pathology remains unclear. The main source
of microbial DNA in the blood is bacterial transloca-
tion from the gut and, to a lesser extent, from extrain-
testinal microbiomes [3].

There is a decrease in the diversity of gut microbi-
ota in obesity compared to healthy donors, and body
mass index (BMI) is negatively correlated with the
total amount of microbial DNA in the gut [4, 5]. At
the same time, an increase in blood microbiome di-
versity is observed in obese individuals [6]. Metabolic
disorders are associated with increased intestinal per-

meability due to both internal (e.g., hyperglycemia)
and external (changes in the gut microbiome, presence
of excessive carbohydrates and / or fats in the diet)
causes [7]. Obesity, however, does not always lead to
the development of metabolic disorders, so there are
metabolically healthy obesity (MHO) and metaboli-
cally unhealthy obesity (MUHO) phenotypes, respec-
tively [8]. To date, there are no works demonstrating
differences in the taxonomic composition of the blood
microbiome depending on the metabolic phenotype of
obesity, which became the aim of our study.

MATERIALS AND METHODS

A one-stage cohort study was carried out from 2018
to 2020 at the Center for Digital and Translational
Biomedicine LLC, Center for Molecular Health, De-
partment of Internal Medicine No. 3, RostSMU, Min-
istry of Health of Russia and Kazan (Volga Region)
Federal University. Two groups were included in the
study: a control group and obese patients. The con-
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trol group included 116 healthy donors (BMI 18.5—
24.9 kg / m?) without metabolic disorders and arterial
hypertension. The selection criteria for the obese pa-
tient group were BMI > 30 kg / m? and waist circum-
ference greater than 102 cm in men or 88 cm in wom-
en. According to the NCEP-ATP III criteria, obese
patients were divided by the metabolic phenotype into
a group with MHO (n = 36) and with MUHO (n =
53). Obesity was considered metabolically unhealthy
if the patient was characterized by three or more crite-
ria: 1) waist circumference (> 102 cm in men; > 88 cm
in women); 2) serum triglycerides (> 1. 7 mmol / 1);
3) high-density lipoprotein (HDL) cholesterol
(< 1.03 mmol / | in men; < 1.29 mmol / 1 in women);
4) blood pressure (systolic > 130 mm Hg; diastolic
> 85 mm Hg); 5) fasting glucose (> 5.6 mmol /1) [9].
Venous blood sampling followed by microbial
DNA isolation was performed in all individuals ac-
cording to the manufacturer’s protocol (QIAamp
BiOstic Bacterimia DNA Kit, Qiagen, Germany). Se-
quencing of the v3—v4 variable region of the 16S rRNA
gene was performed on the I[llumina MiSeq platform
(USA) according to the manufacturer’s recommenda-
tions. The obtained 16S rRNA gene sequences (reads)
were analyzed using QIIME software (version 1.9.1)
and Greengenes reference database (v. 13.8) with 97%
similarity threshold between sequences. Data on taxon
representation in the total pool of reads are given in
fractions (0—1), which were calculated based on the
number of mapped reads for each taxon. In addition,
the frequency of DNA detection from the blood sam-
ples in each of the studied groups (%) was analyzed.
A statistical analysis was performed using the
MedCalc® Statistical Software platform (MedCalc
Software Ltd, Belgium). Given the absence of normal
distribution in the fractions of individual taxa in the
total pool of bacterial DNA in the blood, the data are

presented as the median and the interquartile range Me
[0,,-0,;]. A comparative analysis of the data sets was
performed using the Kruskal — Wallis test. To estab-
lish the differences in the frequency of taxa in patients
of different groups, the Pearson’s chi-square test was
used. The differences were considered statistically
significant at p < 0.05.

RESULTS

We analyzed the taxonomic composition of the
blood microbiome at the level of families that were
identified in more than 25% of patients in at least one
of the studied groups. On the one hand, the choice of
families as a studied taxonomic level was explained
by the fact that it provided a sufficiently detailed de-
scription of the blood microbiome and, on the other
hand, included a relatively small number of uniden-
tified taxa. The data obtained were compared by the
frequency of detection of families from the blood
samples (%) and by the proportion of each taxon in
the total pool of bacterial DNA in the blood.

Lachnospiraceae, Ruminococcaceae, Prevotella-
ceae, Bacteroidaceae, Sphingomonadaceae, Staph-
ylococcaceae, Corynebacteriaceae, Moraxellaceae,
Micrococcaceae, Propionibacteriaceae were the
main families in the blood microbiome. DNA from
each of these families was detected in more than 75%
of patients and accounted for more than 0.02% of the
total bacterial DNA pool in the blood. In total, these
families accounted for 0.548 [0.417—0.619] of the mi-
crobial DNA in the blood.

Both MHO and MUHO patients were character-
ized by specific changes in the blood microbiome,
which was manifested both by changes in the propor-
tion of individual families in the total bacterial DNA
pool and in the frequency of detection of individual
taxa (Table 1).

Table 1
Identified differences in the DNA content of individual families in the blood in MHO and MUHO patients, %, Me [Q,~0..]
Family Control group Patients with MHO Patients with MUHO

Lachnospiraceae 97.41% 0.103 [0.044—0.160] 97.22% 0.092 [0.033-0.211] 98.11% 0.152 [0.092-0.207]"
Ruminococcaceae 96.55% 0.083 [0.033—0.152] 100.00% 0.070 [0.038—0.114] 98.11% 0.117 [0.059-0.139]"
Prevotellaceae 86.21% 0.029 [0.012 — 0.065] 94.44% 0.036 [0.011-0.103] 94.34% 0.049 [0.025-0.115]"
Staphylococcaceae 93.97% 0.023 [0.009—0.053] 97.22% 0.018 [0.007-0.047] 88.68% 0.009 [0.004-0.027]""
Caulobacteraceae 70.69% 0.010 [0.000-0.029] 58.33% 0.004 [0.000-0.024] 62.26% 0.003 [0.000-0.012]"
Rhodobacteraceae 39.66% 0.000 [0.000—0.008] 55.56%" 0.002 [0.000-0.012] 64.15%" 0.005 [0.000-0.011]"
Sphingomonadaceae 75.86% 0.022[0.002-0.052] 75.00% 0.009 [0.000-0.060] 75.47% 0.005 [0.001-0.015]""
S24-7 31.90% 0.000 [0.000-0.002] 47.22% 0.000 [0.000-0.007] 69.81%" 0.005 [0.000-0.018]"
Nocardiaceae 35.34% 0.000 [0.000-0.006] 50.00% 0.001 [0.000-0.010] 52.83%" 0.001 [0.000-0.010]
Nocardioidaceae 31.03% 0.000 [0.000-0.003] 50.00%" 0.000 [0.000—0.007] 41.55% 0.000 [0.000-0.007]
Streptomycetaceae 15.52% 0.000 [0.000-0.000] 33.33%" 0.000 [0.000-0.005] 33.96%" 0.000 [0.000-0.003]"
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Table (continued)

Family Control group Patients with MHO Patients with MUHO
Flavobacteriaceae 25.00% 0.000 [0.000-0.000] 52.78%" 0.001 [0.000-0.014]" 26.42%" 0.000 [0.000-0.001]"
Helicobacteraceae 12.93% 0.000 [0.000-0.000] 16.67% 0.000 [0.000-0.000] 26.42%" 0.000 [0.000-0.001]
Burkholderiaceae 35.34% 0.000 [0.000-0.004] 55.56%" 0.001 [0.000-0.006] 54.72%" 0.001 [0.000—0.007]
Hyphomicrobiaceae 16.38% 0.000 [0.000-0.000] 41.67%" 0.000 [0.000-0.005]" 24.53% 0.000 [0.000-0.000]"
Bradyrhizobiaceae 44.83% 0.000 [0.000-0.008] 33.33% 0.000 [0.000-0.005] 22.64%" 0.000 [0.000-0.000]
[Barnesiellaceae) 38.79% 0.000 [0.000-0.011] 11.11%" 0.000 [0.000—0.000]" 35.81%" 0.000 [0.000—0.009]"
Leuconostocaceae 9.48% 0.000 [0.000-0.000] 27.78%" 0.000 [0.000-0.001]" 32.08%" 0.000 [0.000-0.002]"
Gaiellaceae 15.52% 0.000 [0.000-0.000] 30.56%" 0.000 [0.000-0.002] 20.75% 0.000 [0.000-0.000]
Verrucomicrobiaceae 33.62% 0.000 [0.000-0.005] 16.67%" 0.000 [0.000—0.000]" 47.17%" 0.000 [0.000-0.012]"

* differences are significant compared to the control group (p < 0.05), T differences are significant compared to patients with MHO (p < 0.05).

Most of the changes in the blood microbiome in
patients with MHO and MUHO were characterized by
increasing frequency of DNA detection of individual
families in the blood samples, which in some cases en-
tailed an increase in the proportion of these taxa in the
total pool of bacterial DNA in the blood. Regardless
of the metabolic phenotype, DNA from the Rhodo-
bacteraceae, Streptomycetaceae, Leuconostocaceae,
and Burkholderiaceae families was more frequently
detected in obese patients. Nocardioidaceae, Flavo-
bacteriaceae, Hyphomicrobiaceae, and Gaiellaceae
DNA was also detected in the blood of individuals
with MHO, and S§24-7, Nocardiaceae, and Helicobac-
teraceae DNA was detected in patients with MUHO.
At the same time, in MUHO patients, Lachnospira-
ceae and Prevotellaceae were more abundant com-
pared to Group | and Ruminococcaceae were more
abundant compared to MHO patients, despite similar
frequency of isolation of these families from the blood
samples of each study group. These taxa accounted for
about 5 of the total pool of bacterial DNA in the blood
in healthy donors and patients with MHO, whereas in
MHO patients, these families accounted for almost %5.

In addition, in both MHO and MUHO patients,
there was a decrease in the proportion of several fami-
lies in the blood microbiome. DNA [Barnesiellaceae]
and Verrucomicrobiaceae were less frequently isolat-
ed from the blood in patients with MHO. In MUHO
patients, the content of Staphylococcaceae, Caulo-
bacteraceae, and Sphingomonadaceae was lower
compared to Group 1, despite similar frequency of
detecting DNA of these taxa from the blood samples.
Moreover, Bradyrhizobiaceae DNA was detected less
frequently in these patients.

DISCUSSION

The obtained data indicate that obesity leads to sig-
nificant changes in the blood microbiome at the family
level, and the features of the blood microbiome de-

pend on the metabolic phenotype of obesity. At the
phylum level, the taxonomic composition of the blood
microbiome is similar in healthy donors and obese pa-
tients [6].

Both the patients with MHO and patients with
MUHO were characterized by the spectrum of taxa
whose DNA was detected from the blood samples
of these patients more frequently than in the control
group. Interestingly, representatives of Rhodobacter-
aceae, Streptomycetaceae, Burkholderiaceae, Nocar-
dioidaceae, Flavobacteriaceae, Hyphomicrobiaceae,
Gaiellaceae, and Nocardiaceae, which were detected
in the blood samples of MHO and MUHO patients with
increased frequency, are mostly soil and water inhabi-
tants. Such habitats suggest that translocation of DNA
from these taxa into the blood may occur from the sur-
face of the skin or respiratory tract. Obese patients are
characterized by a large body surface area, which may
cause increased percutaneous translocation of micro-
bial DNA. In addition, obesity causes changes in skin
physiology and leads to increased permeability of the
skin barrier [10]. It seems that obesity, regardless of
its metabolic phenotype, is accompanied by increased
translocation of bacterial DNA from the skin surface.

An increase in the proportion of the Lachnospir-
aceae, Ruminococcaceae, and Prevotellaceae fami-
lies in the total pool of bacterial DNA in the blood
was noted in patients with MUHO. Representatives of
these families are anaerobes and the main representa-
tives of the gut microbial flora. MUHO is associated
with the presence of smoldering systemic inflamma-
tion and greater permeability of the intestinal wall [7,
8]. Thus, it can be assumed that the increased pro-
portion of Lachnospiraceae, Ruminococcaceae, and
Prevotellaceae in MUHO is a consequence of greater
translocation of microbial DNA from the intestine,
common in such patients.

An increased frequency of Helicobacteraceae
DNA detection was also prevailing in MUHO pa-
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tients. Since the main representative of this family is
Helicobacter pylori, it can be assumed that MUHO
is also associated with increased permeability of the
gastric wall to bacterial DNA. Thus, MUHO seems to
be characterized by increased microbial translocation
from both intestinal and extraintestinal microbiomes,
which can be caused by damaged barrier in the pres-
ence of chronic inflammation.

CONCLUSION

Obesity, regardless of its metabolic phenotype, is
accompanied by changes in the taxonomic composi-
tion of bacterial DNA in the blood. Both MHO and
MUHO are characterized by an increase in the fre-
quency of isolating DNA of soil and water resident
families, which may indicate large translocation of mi-
crobial DNA from the skin surface. At the same time,
patients with MUHO also have an increased content
of DNA of gastric and intestinal flora representatives
in the blood, which may indicate greater permeability
of these barriers to bacterial DNA. Thus, changes in
the taxonomic composition of the blood microbiome
may indicate permeability of external barriers of the
body.
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