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Summary

In healthy persons, lung microbiota shows close corre-
lations with microbial landscape of upper respiratory
tract. However, pronounced changes of lung microbiota
are revealed by analysis of bronchoalveolar lavage (BAL)
in severe pneumonias and other pulmonary complica-
tions, expecially, in immunocompromised patients. E.g.,
following intensive cytostatic therapy and hematopoiet-
ic stem cell transplantation (HSCT'), severe impairement
of lung microbiota is observed, due to transient cytope-
nia, immunocompromised state and massive antibio-
tic prophylaxis. BAL microbiology shows a number of
commensal bacteria including potential pathogens from
other infectious sites. Hence, the aim of our study was to
evaluate the diversity of aerobic and facultative anaer-
obic microorganisms in BAL samples from the HSCT
patients.

Patients and methods

Our study included 1123 BAL samples from 691 patients
subjected to HSCT (1 to 71 years old). The patients were
diagnosed, mainly, with myelo- and lymphoproliferative
disorders. Myeloablative was carried out in 44% of cases.
Stem cells were obtained from bone marrow or periph-
eral blood (497 vs 596 transplants).

The donor types were as follows: related compatible
donors (19.2%); related haploidentical donors (21.6%);

unrelated compatible donors (49.1%); autologous trans-
plants (10.2%).

Prophylaxis of graft-versus-host disease (GVHD) was
mainly performed by the posttransplant cyclophospha-
mide (PtCy). BAL samples were collected at diagnostic
bronchoscopy within D-100 to D+180 post-HSCT, ac-
cording to appropriate clinical indications. Microbio-
logical cultures and isolation of aerobes and facultative
anaerobic bacteria from BAL samples were made by
classical bacteriological techniques. Clinical isolates
were identified by commercial biochemical test systems,
as well as with MALDI-TOF mass spectrometry. The
sensitivity of clinical isolates to antibiotics was deter-
mined by means of disk diffusion test systems.

Results

Detection rates of the most common bacteria in BAL
were as follows: K pneumoniae, 19.1%; Paeruginosa,
5%; S. epidermidis, 4.2%; S. aureus, 4.5%; Acinetobac-
ter spp., 3.7%; E.faecium, 7.0%; E.faecalis, 5.3%; E.coli,
2.5%; Enterobacter spp., 2.3%; Streptococcus pneumonia,
1.5%; Haemophilus spp., 0.9%, etc. The seeding rates for
S.viridans and S.epidermidis tended to decrease with
age, whereas the rates of Klebsiella detection, proved
to be relatively high in all the studied age groups. To-
tal bacterial numbers decreased during 1st month after
HSCT, including those for S.viridans. Interestingly, the
incidence of Klebsiella spp. showed sharp increase at
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3-4 months posttransplant, due to selection of antibio-
tic-resistant strains.

Conclusion

The patients with oncohematological disease subjected
to massive allogeneic HSCT exhibit sufficient chang-
es of bronchoalveolar microbiota over first 6 months
posttransplant. Decreased seeding levels are shown for
S.viridans and S.epidermidis in adolescents over 15 years
and adults. A sufficient suppression of BAL microbio-
ta is revealed within 1 month posttransplant. At later
terms after HSCT, high risk of Klebsiella spp. coloniza-

Introduction

Microbial, fungal and viral communities of bronchial and
alveolar surfaces are closely related to microbiota of upper
airways and oropharyngeal mucosa. Therefore, their mi-
crobiological variability shows sufficient intercorrelations
[1]. In healthy persons, the microbial composition in lungs
closely matches the upper respiratory tract (URT), especially
in periglottic region. The total contents of bacteria are grad-
ually decreasing from upper respiratory ways to the lower
bronchoalveolar structures [2].

Meanwhile, in severe pneumonias, the clinically relevant
changes of lung microbiota are generally, assessed by analy-
sis of bronchoalveolar lavage (BAL) sampled during diag-
nostic bronchoscopy, thus representing a direct and efficient
way to get a reliable etiological diagnosis in suggested in-
fectious complications. Along with bacteriological studies,
a number of viral pathogens are routinely detected, mainly,
by PCR techniques or immunohistochemistry, whereas fun-
gal infections could be suggested by specific polysaccharide
antigens, or direct cultures. The bacterial diversity may be
assayed both by classical cultural methods, and by modern
DNA deep sequencing methods.

In particular, a range of techniques could be used for the
search of opportunistic pathogenic bacteria in bronchoal-
veolar samples. E.g., Gaibani et al. [3] examined the BAL
specimens from 24 patients with post-COVID pneumonia.
The samples were cultured on conventional selective agar
plates. The species of bacterial isolates were identified by
MALDI-TOF mass-spectrometry, and in vitro antimicrobial
susceptibility was tested by routine methods. Moreover, V3
to V4 region of the standard 16S rRNA gene was subjected
to PCR, the resulting amplicon libraries were sequenced us-
ing MySec platform by means of next-generation sequencing
(NGS). In summary, the lung microbiome of these patients
showed predominance of Pseudomonas spp. (25%), Entero-
bacteriaceae (19%), Streptococcaceae (12%), Staphylococcaceae
(11%). In particular, the DNA sequences of Klebsiella spp.
(7%), Enterococci (5%), and Prevotella (4%) were also detected.

A number of patients with systemic malignant disorders
present with polymicrobial airway colonization caused by
preceding cytostatic therapy resulting into severe immune
deficiency. Bronchoscopic examination of 436 consecutive
adult patients with hematological malignancies and pulmo-
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tion is observed, due to selection of antibiotic-resistant
strains. Higher incidence of K.pneumoniae and its high
resistance rates suggest relevance of this pathogen for
development of nosocomial infections in immunocom-
promised patients and other clinical settings.

Keywords

Hematopoietic stem cell transplantation, bacterial mic-
robiota, bronchoalveolar lavage, age dependence, time
dependence.

nary infiltrates had revealed infectious agents in BAL of 219
patients of them 45 (20.5%), with microbial colonization,
39 of them with two pathogens, and 6 with three agents [4].
Aspergillus spp. was the most common co-pathogen iden-
tified. The authors have confirmed a more severe clinical
course and higher hospital mortality in the patients with pol-
ymicrobial pulmonary infections.

A sufficient issue concerns relative diagnostic value of classi-
cal bacterial cultures and DNA-based NGS diagnostics. Such
studies are now underway. E.g., direct comparisons between
the diagnostic significance of was performed by a Chinese
team who have enrolled a group of severe community-ac-
quired pneumonia (SCAP) patients admitted to intensive
care unit (ICU). BAL samples were taken by bronchoscopy
within 48 h of ICU admission [5]. The isolated DNA was se-
quenced in the V3-V4 hypervariable region of the 16S rRNA
gene of all PCR-amplified samples by means of Illumina
Miseq platform. The multivariate analysis of variance has
shown that positive bacteria lab test results had the strong-
est independent association with lung microbiota (P=0.018),
thus confirming permanent diagnostic value of standard
clinical culture of bacterial microbiota.

A number of studies concerned total contents and species
diversity of lung microbiota in HSCT patients. Currently, the
pre-transplant diagnostics of infectious respiratory disorders
in the patients planned for HSCT is based on complex ex-
amination including pulmonary function tests (PFT), chest
high-resolution computed tomography (HRCT), and labora-
tory examination of available BAL samples [6]. The authors
have examined 142 children that should be subjected to
HSCT. Different abnormalities were revealed in 74% of pa-
tients, mostly, for subnormal PFT tests. Chest HRCT showed
clinically significant disturbances in 19% of the cases. BAL
microbiota was abnormal in 43% of patients; respiratory
viruses (PCR) were found in 35 patients, fungi (antigen or
culture) in 21, and bacteria (culture) in 22. Prognostic val-
ue of these disorders could influence subsequent treatment
approaches.

In the patients undergoing HSCT, severe impairement of
lung microbiota is observed, due to transient cytopenia, im-
munocompromised state and massive antibiotic prophylaxis
at early terms posttransplant. Early and late pulmonary in-
fections post-HSCT are well known and described in details
as reviewed by Astaschanka et al. [7].
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The BAL microbiology, may yield a variety of common bacte-
rial agents S. aureus, E.coli, coagulase-negative staphylococci,
Enterococci spp., Paeruginosa, Klebsiella pneumonia etc. Ad-
ditional PCR and antigen assays revealed multiple viral and
fungal species. E.g., BAL samples taken after hematopoietic
transplants may often contain a number of different bacte-
rial, fungal and viral species, sometimes, presenting mixed
infection [8]. Fungal species, especially, Aspergillus, is a com-
mon finding in BAL samples taken from HSCT patients [9].

Similar study was carried out in 193 children and adoles-
cents who underwent myeloablative conditioning and HSCT
has revealed mixed microbiota [10]. Of them, 34% under-
went bronchoscopy with a total of 101 BAL samples, mostly
after allogeneic HSCT (allo-HSCT). The lung-derived sam-
ples were tested for bacterial, fungal and viral infectious
pathogens using staining and culture methods. 40% of sam-
ples proved to be positive, with a majority showing bacteri-
al pathogen as well as fungal and viral agents. In particular,
the diagnostic assays revealed Mycobacteria, S. epidermidis,
vancomycin-resistant enterococci, coagulase-negative staphy-
lococci, Paeruginosa, Legionells, Serratia, Streptococcus spp.,
Enterococcus faecium, Lactobacilli spp.

Despite recent advent of novel DNA-sequencing approaches,
the classical bacteriological evaluation of biological samples
retains its diagnostic value, in particular due to its ability to
assess antibiotic resistance of microbial isolates. Hence, the
aim of this study was a comparative evaluation of aerobic
and facultative anaerobic microbiota components in bron-
choalveolar lavage samples taken in immunocompromised
patients with infectious lung complications which developed
after intensive chemotherapy, antibiotic therapy and subse-
quent hematopoietic stem cell transplantation (HSCT).

Materials and methods

Our study included clinical and laboratory data of 691 pa-
tients subjected to hematopoietic stem cell transplantation
(HSCT) 2013 through 2020, aged from 1 to 71 years (a mean
of 38.5+ 23.9).

Distribution of BAL samples by distinct disorders was as
follows: acute lymphoid leukemia (ALL, n=232 samples);
acute myeloid leukemia (AML, n=331); aplastic and refrac-
tory anemias (AA, n=104); Hodgkin disease (HD, n=163);
chronic myeloid leukemia (CML, n=79); non-Hodgkin lym-
phomas (NHL, n=63), other malignant and inherited disor-
ders (n=58).

Myeloablative and non-myeloablative conditioning regi-
mens for HSCT were carried out in 44% and 56% of cases,
respectively. Stem cells were obtained from bone marrow or
peripheral blood 497 : 596).

The types of HSCT were as follows: related compatible do-
nors (19.2%); related haploidentical donors (21.6%); unre-
lated compatible donors (49.1%); autologous transplants
(10.2%).

The doses of transfused CD34+ cells widely varied from 0.8
to 18x10° cells /kg body weight.

Prophylaxis of graft-versus-host disease was mostly, per-
formed by the posttransplant cyclophosphamide (PtCy) as
well cyclosporin A, tacrolimus, sirolimus and glucocorticos-
teroids.

For statistical analysis, the groups of patients were also divid-
ed by age: 0-5 years (group 1, n=79); 6-14 children (group 2,
n=129); 15-21 years old (group 3, n=194); >22 years (group
4, n=720). Moreover, the results of bacteriological examina-
tion were classified by terms post-transplant, starting from
<100 days before HSCT (point 0); during the 1% month
(point 1); 2" month (point 2); 3* month (point 3), etc., up to
6 months after HSCT (point 6).

In the course of conditioning treatment and HSCT, the pa-
tients obtained antibiotic prophylaxis including administra-
tion of fluoroquinolones from D+1 to D+60. Amoxicillin
was also administered, especially, to children. In cases of
posttransplant febrile neutropenia, empirical therapy with
broad-spectrum antibiotics was prescribed. Upon isolation
of antibiotic-resistant microbial strains, the treatment was
changed to other antibiotics (per os or intravenously) as
guided by the in vitro testing of microbial sensitivity.

A total of 1123 samples of bronchoalveolar lavage were col-
lected by means of diagnostic bronchoscopy within D-100
to D+180 post-HSCT. The endoscopy was performed ac-
cording to appropriate clinical indications as prescribed by
the attending doctor and intensive care specialist. Written
informed consent for the procedure was obtained from the
patients or their guardians.

Inoculation of laboratory cultures and isolation of bacte-
ria from the BAL samples were made to differential culture
media by classical bacteriological techniques. The isolat-
ed microorganisms were identified by means of commer-
cial biochemical test systems (BBL Crystal), as well as with
MALDI-TOF mass spectrometry using VITEK MS instru-
ment. The sensitivity of clinical isolates to antibiotics was
determined by means of disk diffusion test systems. The re-
sults of microbial sensitivity tests were interpreted according
to the Guidelines of European Committee on Antimicrobial
Susceptibility Testing (EUCAST) criteria.

Statistical evaluation of results was performed using para-
metric and nonparametric statistic criteria, to analyze time-
and age-dependent course of the bacterial landscape revealed
by microbial cultures, and for distinct microbial associations
after HSCT using the STATISTICA 10 program.

Results

The detection rates for distinct cultured bacterial species
among the total BAL sample massive was as follows: bac-
teria of Enterobacterales order were revealed in 25% of the
samples (280/1123), with Klebsiella pneumoniae (19.1%,
215/1123) being prevailing species, whereas Escherichia
coli (2.5%) and Enterobacter spp. (2.3%) were detected at
similarly low rates (28/1123 and 26/1123, respectively.
The incidence of Citrobacter spp., Proteus mirabilis, Serra-
tia marcescens did not exceed 1%. Among Gram-negative,
non-fermenting bacteria, Pseudomonas aeruginosa was
detected in 5% of BAL specimens (56/1123). In particular,
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P aeruginosa v. non mucosa, and v. mucosa were found at
similar rates (29/1123 un 27/1123). Other Pseudomonas spe-
cies were isolated in 4.5% (51/1123); Acinetobacter spp., 3.7%
(41/1123); Stenotrophomonas maltophilia, 2.1% (24/1123).
The ratio of coagulase-negative staphylococci was 5.6%
(63/1123), of them Staphylococcus epidermidis was found in
4.2% (47/1123). Staphylococcus aureus was isolated in 4.5%
of the samples (51/1123). Streptococcus spp. was revealed in
20.7% (233/1123 samples) including Streptococcus viridans
group (15.7%, 176/1123); Streptococcus pneumoniae (1.5%,
17/1123). Enterococci encountered in 12.4% of BAL samples
(139/1123), of them Enterococcus faecium was identified in
7.0% (79/1123); Enterococcus faecalis, in 5.3% (60/1123).
Different Candida species were found in 14% of the BAL
specimens (157/1123), as a rule, within microbial associa-
tions; the incidence of Haemophilus spp. was 0.9% (10/1123).

Detection rates for the most common bacterial species as
classified by the age of patients are shown in Fig. 1. Of note,
the seeding rates for S.viridans, a common member of nor-
mal mucosal microbiota, tended to decrease with age, reach-
ing a significant decline in adolescents of >15 years old and
adult patients (p<0.01). Meanwhile, the rates of Klebsiella

CLINICAL STUDIES |

detection, in our experience, proved to be relatively high in
all studied age groups.

To prove the trends of posttransplant microbial colonization,
we have assessed time dynamics for the dominant bacterial
species within 6 months after HSCT (Fig. 2).

As seen from Fig.2A, the S.epidermidis seeding frequency did
not sufficiently change over time posttransplant (a mean of
10-18%). By contrary, S.viridans detection rates dropped ca.
2-fold during 1st month after HSCT (approx. from 30% to
10%), probably, due to intensive antibiotic prophylaxis over
the period of transient cytopenia (p<0.02). Meanwhile, the
most interesting finding concerned posttransplant changes
in Klebsiella spp. detection. Its low seeding rates before HSCT
and over 1* month posttransplant (3 to 5%) were followed by
sharply increased emergence of this commensal bacteria at
later terms after HSCT (2 to 6 months), as seen from Fig. 2C
(p<0.001). Interestingly, its detection was not affected by an-
tibiotic treatment during early posttransplant period and ad-
ditional antibacterial treatment due to presumed infectious
complications requiring bronchoscopy and BAL sampling.
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Figure 1. Age dependence of bacterial seeding rates for the dominant bacterial species in bronchoalveolar lavage of
oncohematological patients both before and after HSCT (group 1: 0-5 years; group 2: 6-14 years; group 3: 15-21 years;,
group 4: >22 years. A, S.epidermidis; B, S.viridans; C, Klebsiella spp. Abscissa, age groups (group 1, 0-5 y.o.; group 2,
6-14 y.o.; group 3, 15-21 y.o.; group 4, >22 y.o. Ordinate, ratio of positive microbial findings.
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Figure 2. Frequency of S.epidermidis (A); S.viridans (B), and Klebsiella spp. (() detection in bronchoalveolar lavage
of oncohematololgical patients collected at various times after HSCT. Abscissa, terms post-HSCT (months); ordinate,

ratio of positive microbial findings.
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Antibiotic resistance was tested for all bacterial isolates de-
rived from the BAL samples. Figures 3 to 8 depict the re-
sistance patterns of the leading BAL microbiota members
obtained from the subjected to HSCT between 2013 and
2020. Antibiotic resistance of Klebsiella pneumoniae ssp
pneumoniae, was equally high during the entire tine period.
It comprised over 80% for III generation cephalosporins, az-
treonam, fluoroquinolones and protected aminopenicillins.
Carbapenem resistance varied from 33% to imipenem to
54% for meropenem. 96% of the tested isolates were colis-
tin-sensitive. Colistin sensitivity was determined by serial
dilutions technique in liquid nutrient medium.

Common detection of K.pneumoniae accomplished by
increased resistance rate presume high relevance of this
pathogen for development of nosocomial infections in var-
ious clinical settings, especially in immunocompromised

Tobramycin

Amikacin | 48% (n=206)
Gentamicin 63% (n=148)

patients. Within mentioned time period, the meticillin-
resistant S.aureus (MRSA) was isolated in 6% of BAL sam-
ples, whereas the rate of MRCoNS was 71%. All isolates of
Staphylococci proved to be tigecycline-sensitive. Sensitivity
of staphylococci to vancomycin was assessed by means of
gradient diffusion (E test). S.aureus showed 100% sensitiv-
ity to vancomycin and linezolid. Among the CoNS strains,
2% were resistant for vancomycin, and 5%, for linezolid. The
isolates sensitive to linezolid were also considered tedizol-
id-sensitive. Erythromycin was used to determine sensitivity
to azithromycin, clarithromycin, and roxythromycin. Flu-
orochinolone sensitivity of staphylococci was evaluated by
their sensitivity to norfloxacine. The norfloxacin-sensitive
strains were considered to be sensitive to moxyfloxacin and,
at higher exposure, to ciprofloxacin and levofloxacin. Fluo-
rochinolone sensitivity of S.aureus proved to be 97%, appro-
priate rate for CONS was 35%.
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Figure 3. Resistance of Klebsiella pneumoniae ssp pneumonia to various antibiotics (biological samples: bronchoal-

veolar lavage, 2013 to 2020)
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Figure 4. Resistance of Staphylococcus aureus to var-
ious antibiotics (biological samples: bronchoalveolar
lavage, 2013 to 2020)
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Figure 5. Resistance of coagulase-negative Staphylo-
cocci (CoNS) to various antibiotics (biological samples:
bronchoalveolar lavage, 2013 to 2020)
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The members of Gram-negative non-fermenting bacteria ex-
hibited high resistance levels to carbapenems, i.e., >70% of
resistant isolates among Acinetobacter spp., over 50% resist-
ant strains were documented for Paeruginosa. Colistin sensi-
tivity was as high as 96% for Pseudomonas spp. (two resistant
strains from 52 isolates) and 93% for Acinetobacter spp. (one
case of resistance of 15).

Colistin ‘L 4% (n=52)

Ciprofloxacin 36% (n=104)

Imipenem — 52% (n=106)
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Antibiotics

. = i
Ceftazidime 44% (n=85)
Ticarcillin/Clavulanic Acid — 59% (n=71)

Piperacillin/Tazobactam 45% (n=103)

Amikacin 32% (n=73)
T T

T T T 1
0 10 20 30 40 50 60

% resistant strains (n — is the total number of isolates tested)

Figure 6. Resistance of Pseudomonas spp. to various
antibiotics (biological samples: bronchoalveolar lav-
age, 2013 to 2020)
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Figure 7. Resistance of Acinetobacter spp. to various

antibiotics (biological samples: bronchoalveolar lav-
age, 2013 to 2020)
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Figure 8. Resistance of Enterococcus spp. to various
antibiotics (biological samples: bronchoalveolar lav-
age, 2013 to 2020)
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The Enterococcus isolates from BAL samples have shown
100% resistance rates for linezolid and tigecycline; resistance
rate was 3% for vancomycin (4 isolates of 137). 50% of E.fae-
cium isolates proved to be ampicillin-resistant, whereas 92%
of E.faecalis isolates remained sensitive to this drug.

Discussion

The significance of bacterial findings in BAL was consid-
ered in different transplantological aspects. E.g., a review
article by Gudiol et al. [11] was dedicated to Hospital-ac-
quired pneumonia (HAP) which present serious complica-
tions in transplant patients. Bacteria are the leading cause
of nosocomial pneumonia for both immunocompetent and
transplant recipients caused by Gram-negative organisms,
and, especially, highly prevalent Pseudomonas aeruginosa.
In addition to the usual colonizing microorganisms of the
respiratory tract, such as Streptococcus pneumoniae, Bran-
hamella catharralis and Staphylococcus aureus, and various
Gram-negative bacilli are an important cause of HAP/VAP
in both populations. The most relevant opportunistic path-
ogens are Aspergillus fumigatus, Pneumocystis jirovecii and
cytomegalovirus.

Streptococcus viridians is nearly absent from normal lungs,
but it proved to be a common commensal microbe cultured
from many BAL samples in the patients with chronic ob-
structive pulmonary disease, bronchial carcinoma, as well as
following tracheostomy [12], thus presuming massive colo-
nization with this species in various chronic respiratory dis-
orders. Rapid bacterial colonization, especially, with S.vir-
idans, S.aureus, P. aeruginosa was observed after bronchial
valve implantation in lung emphysema patients [13]. There-
fore, predominance of S.viridans in BAL samples both before
and after HSCT seems to be a useful marker of chronic lung
damage due to massive cytotoxic therapies in oncohemato-
logical patients. Increased frequency of S.viridans in younger
patients (<15 years old) revealed in our study could be also
explained by higher susceptibility of respiratory mucosa in
children to previous anticancer treatment.

To our knowledge, there are no published data on the
time-dependent changes of Klebsiella spp. in bronchoalveo-
lar lavage following hematopoietic stem cell transplantation.
Rather high prevalence of this bacteria was found among the
HSCT patients with sinusitis and other disorders of upper
respiratory ways at our BMT Center. Interestingly, high-
er rates of Klebsiella detection were found in the maxillary
cavities which represent a common reservoir of pathogenic
agents in immunocompromised persons [14].

One may presume that the late activation of Klebsiella on
respiratory mucosa may be caused by antibiotic-resistant
strains colonizing these areas.

To suggest possible origin of these strains, one may refer a
study of 91 BAL specimens obtained from critically ill pa-
tients with acute respiratory disorder (ARDS). Next-genera-
tion sequencing of bacterial DNA fragments was performed
by means of Illumina MiSeq platform [15]. The ARDS-asso-
ciated sequencing reads were similar to Enterobacteriaceae,
including Escherichia coli, Enterobacter spp., and Klebsiella
pneumoniae. The authors conclude that lung microbiota in
ARDS patients is characterized by relative enrichment with
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gut-associated species of the Enterobacteriaceae family. Our
findings concerning Klebsiella colonization of lower airways
confirm these observations and provide evidence for higher
risk of gut bacteria migration to other anatomic sites, due
to extended septic process. This suggestion was made in our
previous review [16].

A complex study of general cytokine responses and NGS-
based evaluation of BAL bacterial microbiota in HSCT pa-
tients with pneumonias has shown reactive and non-reactive
microbiota phenotypes [17, 18]. In the reactive phenotype,
Pseudomonas Aeruginosa was the most abundant spe-
cies, while in the nonreactive phenotype, cytomegalovirus
(CMV) predominated. Moreover, other bacteria, S.pneumo-
niae, S.aureus, Acinetobacter spp., Klebsiella spp., Stenotro-
phomonas spp. were found in different quantities.

The new sequencing methods are recently applied for analy-
sis of BAL microbiota. When comparing relative diagnos-
tic efficiency of conventional bacterial cultures and novel
metagenomic next-generation sequencing (mNGS) of BAL
samples, a much higher sensitivity was revealed by analysis
of different biological samples from pediatric HSCT patients
by means of NGS approach, due to versatility of DNA read-
ing technique and larger number of potentially pathogenic
agents found by the multiple DNA sequencing [19]. The
sensitivity of mNGS for diagnosing pulmonary infections
post-transplant was 91.7 vs 22.9% by conventional testing.
However, mNGS proved to be less specific (78.5%) than tra-
ditional methods (92.9%).

Later recolonization of pathogenic microorganisms post-
HSCT is possible, including Klebsiella spp., S. aureus, S.pneu-
moniae, at a high risk of resistant strain selection, which was
confirmed by us in the present work. One should note, how-
ever, that these 3 types of pathogenic bacteria were detected
in a total of 13% of patients with sinusitis, i.e. the pathogen
remained unknown in most cases. For additional diagnos-
tics, along with search for pathogenic fungi and viruses, the
extended diagnostics, e.g., of strictly anaerobic microbiota,
are needed. In this aspect, implementation of advanced se-
quencing (NGS technique) will be of great importance, thus
making it possible to assess biological diversity and the ratio
of main microbiota classes in complex clinical samples, e.g.,
from mucosal surfaces.

Conclusion

1. In summary, the patients with oncohematological disease
subjected to massive cytostatic therapy and allogeneic HSCT
exhibit sufficient evolution of bronchoalveolar microbiota
over the first 6 months posttransplant.

2. Follow-up of the BAL bacterial microbiota has revealed
early exhaustion of S.viridans pool post-transplant, more
likely, due to intensive anti-infectious treatment over the cy-
topenic period.

3. Decreased seeding levels are shown for S.viridans and
S.epidermidis in adolescents over 15 years and adult patients.

4. Sharp increase of Klebsiella spp. detection rates at later
terms (>2 months) after HSCT suggests airway colonization
by the antibiotic-resistant microorganisms.

5. Future studies of BAL microbiota require combined diag-
nostic approaches, including mass spectrometry, PCR tech-
niques for detection of strictly anaerobic bacteria, viral and
fungal agents, as well as novel DNA-based technologies (e.g.,
next-generation DNA sequencing).
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Cnektp 6poHx0anbBeonsapHon bakTepuanbHOM
MUKPOOKOTbI NOCNE TPAHCMIAHTALIMM FeMONO3TUYECKNX
CTBOJIOBbIX K/TETOK: BO3paCTHas! 3aBUCMMOCTb

N HapyLLeHUA MUKPOOKOTI

Anna A. Cnimpugonosa %, Anuca I. Bonkosa !, Anekceii b. Yyxnosus 2, Visan C. Moucees ', JIrogmmna C. 3y6apoBckas !,
Anexcanpp [I. Kymarun !

! ITepssrit CankT-IleTep6yprekumit roCyfapCTBEHHBIN MEFUIMHCKMI YHUBepcuTeT uM. akaf. V1. I1. [TaBnosa, Cankt-IleTep6ypr,
Poccua

2 [leTCKMIt HAYIHO-KIIMHUYECKMII LieHTp MHDeKIMOoHHbIX 6omesHelt, CaHkT-IleTep6ypr, Poccus

* Cankrt-Iletep6yprexkuit HUW snupemuonoruu u mukpobuomornu um. [Tactepa, Cankr-Iletep6ypr, Poccus

Pe3some

CocTaB MMKpOOMOTBI OPOHXOANIBBEOAPHBIX OTHENOB
Y 3[OPOBBIX JieTell U B3POCTIBIX B L[ETIOM KOPpenupyeT
C COCTABOM IIOIY/IILNIT BEPXHMX [BIXATE/IbHBIX IIyTeil.
OnHAKO [PV PasBUTHY TSDKETIBIX ITHEBMOHUIT, 0COOEHHO
y HALMEHTOB C IMMYHORE(PUIIMTAMI, OTMEYAETCSI CyIIe-
CTBEHHOE HapacTaHIe KOMNYeCTBA, YaCTOTHI BBISB/IEHVISI
1 6Mopa3Ho0Opasus 6akTepuit B 6pOHX0aTbBEOIAPHBIX
cmpiBax (BAJI), Hapsny ¢ KomoHu3auyeir GPOHXOB yc-
JIOBHO IIaTOT€HHBIMY MUKPOOPTaHM3MAMU U3 HPYTUX
MHQUIMPOBAHHBIX CaiiTOB. TaK, y MHOTUX HAI[EHTOB C
OHKOJIOTVIECKIMY 3a00/eBaHNMsAMI Ha (OHE LMTOCTA-
TUYECKO TePaluy PAa3BYUBAIOTCS TsDKeJIble ITHEBMOHIUN
C HOMMMMKPOOHO KOJMOHM3AIMII HYDKHUX IbIXaTeNlb-
HbIX myTeit. Llenpio Haeit paboThl ObUIA CPABHUTEND-
Hasl OLieHKa a9poOHOIL U (paKyIbTaTVBHO-aHAdPOOHOI!
MMKpOOMOTEI B 06pasmax BAJL oT mereit M B3POCIBIX
[IALVIEHTOB II0C/Ie TPAHCIUIAHTALY TeMOIIOITIIECKIX
kierok (TT'CK).

laymeHTbl M MeToAbI

I[TpoBeneHo o6cmenoBanme 691 maryeHTa, IIABHBIM 00-
pasoM — C OHKOreMaTOJIOTMYECKMMM 3a00/IeBaHUsIMY,
nedeHHbIMY IToCTaTNdecKo Teparveri u TTCK (ammo-
TT'CK B 90% cny4aeB). Bo3pacT maiyeHToB cOCTaBIAN
or 1 o 71 r. (Megmana — 38,5 i.). [IpuMensn Mueno-
WIN HeMUETOA0MIaTUBHY0 KOHAMUIVOHNPYIOLIYIO Tepa-
o (44% n 56% cimy4aeB). I/ McciegoBaHNsA IPOBO-
mun 3a6op 1123 o6pasios 6uomarepnana (BAJI) npu
AVaTHOCTUYECKO OPOHXOCKOIMM II0 COOTBETCTBYIO-
LIVM KIMHUYECKUM IIOKa3aHMAMU B nepuop ot D-100
mo D+180 nocne TT'CK. KynbruBupoBanue 6axrepmit
Ha CEJIEKTMBHBIX CpefaX MPOBOAWIN B a9pPOOHBIX yC-
JIOBMSIX II0 CTaHJAPTHBIM METORMKAM, BUABI GaKTepuii
B M30/IATaX MAECHTU(DUIMPOBAIN C IIOMOIIBI0 OMOXM-
mydecknx TectoB (BBL Crystal), Macc-cnekTpomeTpyun
(MALDI-TOF), 4yBCTBUTEIbHOCTb K aHTUOMOTUKAM —
AUCK-AnY3MOHHBIMY TECTAMU.

Pesynbrarthl

B 1memoM, 4acToTa BBUIBIEHMS OTHEIbHBIX OaKTepu-
aJIbHBIX BUJIOB B o6pasiax BAJI Obuta cremymomieit:

K.pneumoniae - 19,1%, Paeruginosa— 5%, S. epidermidis —
42%, S. aureus — 4,5%, Acinetobacter spp. - 3,7%,
E.faecium - 7,0%, E.faecalis - 5,3%, E.coli — 2,5%,
Enterobacter spp. — 2,3%, Streptococcus pneumoniae —
1,5%, Haemophilus spp. — 0,9% u T.5i. [Ipyre MUKpoObI
Corynebacteria spp., Neisseria spp. ¥ [p. BCTpedaanchb
pexe. OTMedeHbI 3HAYNTeIbHAA BO3PACcTHAA AVHAMMKA
COCTaBa M YaCTOTBI PA3JMYHBIX BUIOB MIUKpPOOVOTHI B
BAJI mocne TI'CK. B 4acTHOCTM 4acTOTa BBICEBAEMO-
ctu S.viridans 6bIa MaKCUMAIbHOM Y JeTeil MIagLIero
Bospacrta (0-5 /1eT), CHIKAsCh y TOFPOCTKOB >15 yreT. Ta
’Ke 3aKOHOMEPHOCTb, HO MeHee BbIpa)KeHHas, OTMe4eHa
ms S.epidermidis. Oba 3TUX MMKPOOHBIX BMAA YACTO
BBIABJIAIOTCA B HOPMa/bHONM Mukpo6buore. HampoTus,
vacrora BbLBneHus Klebsiella spp., Pseudomonas spp. u
S.aureus B pobax BAJI mocie VMHTEHCHBHOI Tepammu
u TT'CK noBbllaeTcs ¢ BO3pacToM IalMieHTOB, YTO IO-
BOPHUT O 6OJIBIIIEM PYCKE >KI3HEOMACHBIX JIETOUHBIX MH-
dexumit mocie TTCK, B TOM 4mcrie — pesuMCTEHTHBIMU K
aHTUOVOTMKAM LITaMMaMI U3 KUIIEYHUKA Y B3POC/IBIX
TIALVIEHTOB B IIepuof 1o 180 gHei.

BbiBoabl

Y 6ONPHBIX C OHKOTEMAaTOTOTMYECKMMM 3a00TeBaHN-
savMu B TedeHne 6 mec. nocne TTCK ormedaroTcs cyie-
CTBEHHBIE CHBUTU OPOHXOANBBEOJSIPHON MUKPOOIO-
Thl. [IoKasaHa CHVDKEHHas BBICeBaeMOCTb S.viridans u
S.epidermidis y meteit ctapute 15 jeT M B3pOCbIX. Bbl-
sIBJIEHO TIOofaB/ieHne Mukpo6motsl BAJI B Teyenne 1-ro
mecsa nocine TTCK. B 6o7ee mo3gHme cpoky 0TMeUeH
BbICOKMIT puck komoHusauum Klebsiella spp. B cBsisu
C CeleKIMell aHTMOMOTVKOPE3UCTEHTHBIX INTaMMOB.
YacTora BcTtpeuaemoctu K.pneumoniae m ee BbICOKMIA
YPOBEHDb PE3MCTEHTHOCTY IIOKa3bIBAIOT aKTya/lbHOCTb
TAHHOTO IIaTOT€HA B PasBUTUM HO30KOMMA/IbHBIX MH-
(beKIuiT y UMMYHOKOMIIPOMETUPOBAHHBIX MAI[VIeHTOB.

Kniouesble ¢10Ba

TpaHCITaHTALMs TEMOMOITUIECKUX KIETOK, OaKTepu-
a/bHAsi MUKpPOOMOTa, GPOHXOA/IBBEOSIPHBIE CMBIBBI,
BO3PAaCT, BpeMEHHOI (PaKTop.
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