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Summary

Allogeneic HSCT is frequently associated with severe
systemic infectious complications. Endogenous infec-
tions of intestinal origin are known to play a leading role
in their occurence. Despite abundant data confirming
the key role of gut microbiome in allogeneic HSCT, less
is known about its role in autologous HSCT (ASCT). In
this study, we aimed to investigate the characteristics of
the gut microbiome that contribute to the development
of bloodstream infections (BSI) in oncohematological
patients during high-dose chemotherapy and AHSCT.
We conducted a study on the microbial diversity of the
gut microbiome during AHSCT in 30 patients with
multiple myeloma (MM). The protocol involved stool
sampling prior to AHSCT and during the post-trans-
plant period. Our study revealed a significant decrease
of the bacterial diversity index during AHSCT (p=0.02).

Introduction

Successful treatment options for hematological malignan-
cies have significantly expanded over last decades. These ad-
vances are associated with the use of targeted therapy and
HSCT. However, the use of modern therapy programs is
associated with higher risks of infectious complications in
oncohematological patients, with systemic infections of the

The dominance of Proteobacteria in the intestinal micro-
biome proved to be an independent factor in the devel-
opment of Gram-negative bloodstream infections in the
patients. An increased ratio of Proteobacteria in the spec-
trum of gut microbiome over 30% is a reliable predictor
of systemic Gram-negative bloodstream infections in pa-
tients undergoing high-dose chemotherapy and AHSCT.
Therefore, monitoring biodiversity of intestinal microbi-
ome is crucial in both allogeneic and autologous HSCT
to identify high-risk groups for developing bloodstream
infections. The stool samples for such monitoring should
be evaluated both prior to HSCT, and post-transplant.
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bloodstream being the most dangerous events [1]. Infectious
processes exacerbate the severity of the patient's condition
sometimes leading to reduced dosage of specific therapy,
treatment interruption and, ultimately, to progression of
the underlying disease. Previously, severe bacterial infec-
tions were considered mostly of exogenous origin. However,
some recent studies have shown that endogenous infections
of intestinal origin may be primary source for the microbes
entering the bloodstream in oncohematological patients.
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These conditions are facilitated by immunosuppression and
frequentdevelopmentofmucositisinthepatients[2].Introduc-
tion of new methods for identifying microorganisms, such as
real-time polymerase chain reaction (RT-PCR) and
next-generation sequencing (NGS) of bacterial genome has
revolutionized the approach to assessing the intestinal mi-
crobiota. Their use has allowed for a more comprehensive
assessment of the species composition of the microbiota,
which includes more than 1000 species of bacteria, 80% of
which are unculturable microorganisms. This information
has provided the basis for extensive studies of intestinal
microbiota parameters as predictors of the development of
bloodstream infections, particularly, in immunosuppressed
oncohematological patients. In this study, we aimed to inves-
tigate the features of gut microbiome associated with devel-
opment of bloodstream infections (BSI) in oncohematologi-
cal patients during high-dose chemotherapy and autologous
hematopoietic stem cell transplantation (AHSCT).

Patients and methods

Patients under study

The patient cohort consisted of 30 hospitalized patients with
multiple myeloma, aged 48-67 years (median 60 years), who
underwent autologous HSCT at the Russian Research In-
stitute of Hematology and Transfusiology in St. Petersburg,
Russia, from 2020 to 2022. The basic clinical characteristics
of patients included in the study are depicted in Table 1.

Table 1. Clinical baseline characteristics of multiple
myeloma patients included in the study

Baseline characteristics No (%)

Age (years) 60 (48-67)

Gender

Male 15

Female 15

The pre-transplant conditioning melphalan at a dose of

regimen 200 mg/m?

Type of transplant hemapoietic stem cells
of blood

Renal injury

Yes 3

No 21

Primary disease Multiple myeloma

ISS Durie-Salmon staging
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Study protocol

The study protocol included collection and processing of
feces obtained from patients before AHSCT and at differ-
ent times from 7 to 35 days after it. All patients were treated
with fluoroquinolones to prevent infections. In case of in-
fectious complications, antibiotic treatment was performed
as based on bacteriological and clinical data. The study pro-
tocol included collection and deep freezing of stool samples
obtained before transplantation and at various time points
ranging from D+7 to D+35 post-transplant. The patients
taken into the study had at least 23 consecutive sequenced
samples. After extraction and purification of DNA from
each biological sample, PCR amplification of the V5 region
of the 16S rRNA gene was performed using modified uni-
versal bacterial primers. The purified PCR products were
sequenced using the MiSeq Illumina platform according to
instructions from manufacturer. Phylogenetic classification
from phyla to the species level was performed using the II-
lumina database. For the rapid identification of pathogens,
automatic bacteriological systems (BacT/ALERT 3D) were
used in combination with our method based on real-time
PCR [3]. Clinical and demographic parameters, i.e., patient’s
age, sex, underlying disease, conditioning regimen, source of
hematopoietic stem cells, duration and choice of antibiotics,
were included in the analysis.

Bioinformatic analysis

Primer sequences (region V3-V4) were excluded from
analysis using the pre-process 16S program. Trimming of
low-quality reads was performed using the Trimmomatic
program [4]. Taxonomic classification to the species level
was carried out using the Kraken taxonomic classification
system with the Kraken standard database [5, 6]. Re-estima-
tion of microbial abundance was conducted using the Bayes-
ian Reestimation of Abundance with Kraken algorithm [7].
The sequences were grouped into operating taxonomic units
(OTUs) based on 97% identity. The total number of 16SrR-
NA genes per 1 g of biological material served as a measure
of bacterial density being calculated by means of quantitative
PCR, based on the total DNA amount extracted from each
sample.

Biodiversity indices used in this study included Shannon,
Simpson, Chao 1, Simpson’s inverse index. Processing and
analysis of clinical, laboratory and phylogenetic data was
performed using R software (R Development Core Team, Vi-
enna, Austria, version 4.2.1) [8, 9], along with the Phyloseq
package (version 1.41.0) [10], Tidyverse (version 1.3.1) [11],
rstatix package (version 0.7.0) [12] and ggstatsplot package

IA 2 (0.9.3) [13]. To assess the independent nature of differences

1A 5 in microbiome biodiversity following HSCT, we employed

B : Bayesian nonparametric statistics, including the Dirichlet

distribution (Dir (a)) from the HMP package (version 2.0.1)

A 18 14. The Bray-Curtis index was used as a measure of compo-

s 4 sitional dissimilarity between two different sites based on the

Febrile neutropenia 4 counts from each site.

Infections

Sepsis, septic shock 1 Res u |tS

Pulmonary complications 0 We have found a significant decrease in the alpha diversity

Urinary tract infections 1 indexes of intestinal microbiome in patients after AHSCT.
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The results of assessing changes in the alpha diversity index
of MM patients examined in different periods before and af-
ter HSCT are presented in Fig. 1. Moreover, a decrease in
the Shannon diversity index was detected up to 7 days after
transplantation in 26 out of 30 patients. However, the extent
of this decline proved to be variable. Of note, the greatest
decrease in the biodiversity index (from 2.527 to 1.17) was
found in one case (patient K.).

p-value Wilcoxon test = 0.0305
p-value t-test = 0.0196
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Figure 1. Alpha diversity index of gut microbiome in
myeloma patients before and after AHSCT
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A significant decrease in the microbiota diversity index af-
ter AHSCT was shown, regardless of the stage of multiple
myeloma or renal failure (p = 0.0305). One should note that
a significant decrease in the microbiota diversity index was
established in patients over time following AHSCT, along
with negative effect of antibiotics and cytostatic chemother-
apy on the diversity of the microbiota. The data of individual
patients has demonstrated a decrease in the Shannon index
in six cases over the period of 7 to 35 days post-transplant.
In three cases, this index did not change, and only in one
patient an increase in the diversity index was observed after
HSCT.

Furthermore, we studied the dynamics of the composition
of the intestinal microbiome at the phylum level. To simplify
the analysis of changes in the intestinal microbiome during
AHSCT, the most common phyla of bacteria (Bacteroidetes,
Firmicutes, Proteobacteria, Actinobacteria) were chosen. The
time changes of intestinal microbiome composition at the
level of phyla (Fig. 2) showed that the Bacteroides phylum
formed the basis of the microbiota in a significant part of the
patients. Firmicutes, another dominant phylum, was found
somewhat less frequently.
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Figure 2. Time changes of intestinal microbiome composition at the level of major bacterial phyla before AHSCT and

on day +7 to D+35 post-transplant
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In our study, the median frequency of Proteobacteria detec-
tion in gut microbiota ranged from 1% to 6%, and only in
one case (patient K.), the proportion of the Proteobacteria
type was 38.9%, being detected on the day +2 after trans-
plantation (Fig. 3).

Acinetobacteria
0.85%

Proteobacteria
38.89%

Bacteroidetes
41.11%

FﬁmiCl‘nes 4,0%
Figure 3. Top phylum classification results (patient K.
day +2 after transplantation)

Of note, the post-transplant period in the patient K was com-
plicated by sepsis with the development of infectious-toxic
shock. It should be emphasized that no serious clinical mani-
festations of infectious complications were observed in other
patients.

These results, in our opinion, suggest a significant diagnostic
value of assessing the microbiota changes. The identification
of the dominance of the Proteobacteria type made it possible
to predict the occurrence of sepsis and prescribe timely an-
tibacterial therapy, which led to the resolution of the infec-
tious process.

Discussion

Bloodstream infections and sepsis are serious life-threaten-
ing complications in patients with hematological malignan-
cies during high-dose chemotherapy and HSCT. Routine
bacteriological analysis is often not able to predict the risk of
its occurrence. It has been shown that the main route of pen-
etration of microorganisms into the bloodstream is endog-
enous infection originating from intestines [2]. Extensive
studies have been conducted to investigate the pathogenesis
of bloodstream infections (BSI) during endogenous micro-
bial dissemination. The opportunity of using microbiome
changes as a predictor of developing systemic BSI and sep-
ticemia was suggested. It is known that endogenous infection
from the intestine plays a leading role in the development of
Gram-negative bloodstream infections [2]. The composition
of intestinal microbiota plays an important role in this pro-
cess. In addition to decreased microbial biodiversity, HSCT
may result into massive replacement of normal microbiome
by a single type of bacteria. A decade ago, Taur Y. et al. [15]
suggested a phenomenon “domination” (replacement of
more than 30% of the relative abundance of the microbi-
ome with one taxonomic type). It was demonstrated that the
dominance of the Proteobacteria type with more than 30%
in gut microbiome is a reliable risk predictor of a developing
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Gram-negative BSI in allogeneic HSCT [15]. Recently, it was
confirmed the possibility of using this criterion (Proteobac-
teria dominance) in clinical practice as a BSI predictor in pa-
tients with allogeneic HSCT [16]. Our present results show
that this phenomenon is also observed in autologous HSCT.

Conclusions

Our results confirm the view that a significant decrease in
the microbiota biological diversity index is observed in AH-
SCT. It has been demonstrated that endogenous infection
originating intestines plays a leading role in the development
of Gram-negative bloodstream infections. The composition
of the intestinal microbiota plays a crucial role in this pro-
cess. In addition to a decreased biodiversity during HSCT, an
almost complete replacement of gut microbiome by one type
of bacteria may be observed. Dominance of the Proteobacte-
ria phylum has been shown to be an independent risk factor
for the development of Gram-negative bloodstream infec-
tions. The possibility of using this phenomenon (dominance
of the Proteobacteria type above 30%) in clinical practice for
the diagnosis of systemic BSI in patients after AHSCT has
been demonstrated. The composition of the intestinal mi-
crobiome significantly influenced the infections incidence in
patients subjected to AHSCT.

A sufficiently increased proportion of Proteobacteria in the
spectrum of the intestinal microbiome may be a reliable risk
predictor of systemic Gram-negative BSI after high-dose
therapy and AHSCT. The stool samples should be assessed
by NGS both before and after HSCT, when monitoring the
gut microbiota composition.
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CKpuHUHT Bnopa3Ho0bpa3ng MUKPobMoMa KuileyHmKa
NP1 TPAHCNIAHTALMK ayTOSNOrMYHbIX CTBOJIOBBIX KITETOK
KaK npeanKTop pa3Butna UHPEeKLUn KpoBOTOKA
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Pe3some

Annorennas TI'CK uacTo cBsA3aHa ¢ TOKEIBIMU CUCTEM-
HBIMI WHQEKIVOHHBIMU OCTIOXHeHUsAMN. VI3BecTHO,
YTO BeZIyIIyI0 PO/Ib B MX PasBUTHUM UTPAIOT SH/IOT€HHBIE
yH(eKIMN u3 KulleyHrKa. HecMOTpss Ha MHOXXeCTBO
(aKTOB, MOATBEPXK/AIOIINX, YTO MMKPOOMOM KHIIey-
HUKa UIpaeT KIo4eByo ponb npu amwtorenHoi TTCK,
MeHbIIle M3BECTHO O €r0 PO/ B KOHTEKCTe ayTOIOInY-
Hoit TTCK. Ms1 uccnemoBany 30 manyeHTOB C MHO-
JKECTBEHHOI MMETIOMOl, INepeHeClNX ayTONOINYHYIO
TT'CK (ATT'CK). Llenpro Hamret paboThl 6bIIO M3ydeHNe
0COOEHHOCTe)I MUKPOOMOMa KUIIIEYHNKA, CIIOCOOCTBY-
IOIIUX PasBUTHUIO MH(MEKUNUI § OHKOIeMaTOMOTMIeCKIX
OONbHBIX Ha (POHEe BBICOKOJO3HON XVMMMOTEPAINU W
ATTCK. Ilporokon BKmo4an c60p 06pasIioB cTyma Ko
Havyana aytonormuHoit TI'CK m B mocTTpaHcCIiIaHTa-
IMoHHOM Iiepuope. IlokasaHo, mocToBepHoe (p=0.02)
CHIDKEHVe MHJEeKca PasHo06pasusa MUKPOOIOTBI II0CIIe
nposenennsa aytonormynoit TTCK. JommuHmpoBaHme
tima Proteobacteria B ciekTpe MMKpOOMOMa KMIIEYHN -
Ka SBJIAETCS He3aBMCUMBIM (PaKTOPOM PasBUTHUA Tpa-
MOTPUIATENIbHBIX MHMEKINIT KPOBOTOKA Y MAIMEHTOB.
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YBenuuenne tumna Proteobacteria B ciekTpe MUKpPOOUO-
Ma KMIIeYHNKa Bbllle ypoBHs 30% SAB/IAETCS HaTeKHBIM
IPEfVKTOPOM Pa3BUTHUA CUCTEMHBIX I'PaMOTPUIIATENb-
HBIX MHQEKINIT KPOBOTOKA Y MALMEHTOB, IOTYYAIOIIIX
BbICOKOO3HYI0 Tepamnio 1 ATTCK. Bropasnoobpasue
KUIIEYHOTO MUKPOOMOMAa HEOOXOLMMO KOHTPOIUPO-
BaTh KaK IIpM a/UIOTE€HHOM, TaK M IPU ayTOJIOTMYHON
TI'CK g5 BBIABIEHMA TPYI BBICOKOTO PYUCKA Pa3BU-
st nHpeKuuit KpoBoToka. O6pasLbl CTy/IA AT MOHNU-
TOPMHIA CIefyeT oleHnBaTh Kak fo TT'CK, Tak n mocne
Hee.

Kniouesble c10Ba

TpaHCIUTaHTanMsA ayTONOIMYHBIX CTBOJNOBBIX KIIETOK,
MHOXXECTBEHHAsI MMETIOMA, MUKPOOMOTa KUIEYHUKA,
MHIEKC PasHO0Opasuss, MHMEKIMM KPOBOTOKA, IIPENNK-
TOPBI, OHKOT€MaTOJIOTMIeCKYIe TTAI[IeHTEL.
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