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Abstract

Background: Vitamin D (VD) and gut microbiota (GM) are important variables in pediatric hematopoietic stem cell transplantation
(HSCT) recipients with bloodstream infections (BSI). Both VD and GM play significant roles in immune regulation and in maintaining
intestinal barrier function. Methods: This prospective case-control study included 48 consecutive pediatric patients who underwent
HSCT, as well as 20 healthy children from the community. Plasma samples were collected pre- and post-HSCT, together with post-
HSCT fecal samples. Serum 25-hydroxyvitamin D (25(OH)D) and 1,25-dihydroxyvitamin D3 (1,25(OH)2D3) were measured using
chemiluminescence and enzyme linked immunosorbent assay, respectively. GM was analyzed by 16S rDNA next generation sequencing.
Results: The incidence of BSI in pediatric HSCT recipients was 33.3% (16/48). No significant differences in serum 25(OH)D or
1,25(OH)2D3 levels were observed between the BSI and non-BSI groups either before or after transplantation, or with the healthy
control group. The a-diversity of GM in BSI and non-BSI patients was significantly lower than in healthy subjects. Proteobacteria
were significantly more abundant in BSI patients than in non-BSI patients (p = 0.0434) or healthy controls (p = 0.0193). Pediatric
HSCT patients showed significantly higher levels of Staphylococcus (p < 0.001), Pseudomonas (p < 0.001), Enterococcus (p < 0.001),
Clostridium innocuum (p = 0.0175) and Enterobacter (p = 0.0394) compared to the controls, whereas the levels of Firmicutes (p = 0.009),
Actinobacteria (p < 0.001), Bifidobacterium (p < 0.001) and Faecalibacterium (p < 0.001) were significantly lower. S-diversity analysis
revealed significant population differences between the three groups. Conclusions: These results indicate there is no practical value in
monitoring VD in HSCT patients. During HSCT and BSI, the GM experiences a loss of probiotics and an increase in potential pathogens.
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1. Introduction play a vital role in the immune response to infection [5].
Studies have shown a correlation between VD deficiency
and BSI or sepsis, both in adults [6,7] and children [8].
However, specific studies of child HSCT recipients have
shown that VD deficiency is not associated with bacterial
infection [9,10]. The association between VD deficiency

and the prognosis of pediatric patients is also inconsistent

Infection is a critical complication that affects the
prognosis and survival of allogeneic hematopoietic stem
cell transplantation (allo-HSCT) recipients, particularly in
the pediatric population. The incidence of bloodstream in-
fections (BSI) in pediatric HSCT recipients ranges from
10-50%, with an associated mortality rate of 5—15% [1,2].

BSI occurs mainly during the early pre-engraftment phase
due to neutropenia and mucosal damage [3], which are in-
evitable in the post-transplant period. Vitamin D (VD) and
gut microbiota (GM) were recently shown to play signifi-
cant roles in immune regulation and in maintaining proper
intestinal barrier function [4]. Further investigation of these
two factors may provide novel insights into the prevention
and management of pediatric HSCT patients with BSI.
Vitamin D3 is produced following solar UVB radia-
tion on the skin, and is also absorbed directly by the gas-
trointestinal tract. It is first converted to 25-hydroxyvitamin
D by the action of vitamin D-25-hydroxylase (25(OH)D)
in the liver, and then to the bioactive form of 1,25-
dihydroxyvitamin D3(1,25(OH)2D3), or calcitriol, in the
kidney. Beyond its impact on bone health, VD appears to

[11,12].

The population of microorganisms that inhabit the gut
is known as the GM. This plays a vital role in metaboliz-
ing energy, producing short chain fatty acids (SCFA) and
vitamins, and regulating the immune system [13]. The sta-
bility of the intestinal environment and general well-being
is maintained by a high abundance of GM with good com-
position, together with epithelial integrity and a strong im-
mune system. These are altered during HSCT [14] and sep-
sis [15], and interactions may occur between VD, GM and
sepsis [8,16,17], especially in children [13]. Study of the
GM may result in a better understanding of the mechanism
of gut-derived BSI and its prevention, leading to improved
treatment of BSI with specific probiotics or with fecal mi-
crobiota transplantation (FMT).
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Only a few studies have examined changes in the GM
in HSCT children with BSI [18-20], and little is known
about the role of VD. Therefore, the aim of this research was
to evaluate VD and GM status in children who underwent
allo-HSCT. These were compared between patients with or
without BSI, and with healthy controls.

2. Materials and Methods
2.1 Study Design

We conducted a prospective case-control study be-
tween January 2022 and June 2023 in the hematology de-
partment of the Aerospace Center Hospital, a tertiary hos-
pital in Beijing, China. Serum and stool samples were
collected prospectively, together with clinical data includ-
ing treatment and possible exposure factors. Patients were
grouped according to the occurrence of BSI.

2.2 Participants

Fifty-five consecutive pediatric patients aged 4-17
years who underwent HSCT were enrolled in this study.
Of these, 7 were excluded because they did not continue
treatment at Aerospace Center Hospital. The final cohort of
48 patients were followed up from 7 days pre-HSCT to at
least 100 days post-HSCT. Sixteen patients suffered a BSI
during the period of granulocytopenia, as defined by the
International Pediatric Sepsis Consensus Conference crite-
ria [21]. BSI pathogens were identified by matrix assisted
laser desorption ionization time-of-flight mass spectrom-
etry (MALDI-TOF, VITEK MS, IVD V3.2, bioMérieux,
Marcy I’Etoile, France) after at least two vials of blood
culture were deemed positive, or by metagenomic next-
generation sequencing (Miniseq sequencing system, prod-
uct No.SY-420-1001,I1lumina, San Diego, CA, USA) of the
peripheral blood. The control group consisted of 20 healthy
juveniles with a similar gender and age profile and recruited
from the community. Patient information on medication,
invasive procedures, and complications was obtained from
the electronic medical record, while results for complete
blood cell count and biochemical tests were obtained from
the clinical laboratory of the Aerospace Center Hospital.
This study was approved by the Ethics Committee of the
Aecrospace Center Hospital (approval number: 2022065).
All parents consented for storage of their children’s blood
and fecal specimens for use in the main trial, but not for
future research.

2.3 Measurement of Vitamin D

Case and control groups were derived from the same
prospective cohort, thus ensuring comparable baseline
characteristics. However, in actual clinical practice some
patients were observed to consume low oral doses of ex-
ogenous vitamin D3 (125 IU/day) or calcitriol (0.25 pg/day)
to prevent steroid-related osteoporosis. To assess whether
this direct supplementation had any impact on serum VD
levels, the corresponding clinical information was also ob-

tained. Peripheral blood samples were collected 7 days be-
fore conditioning, and 20 days post-HSCT. After centrifu-
gation, plasma samples were stored at —20 °C for analysis of
25-hydroxyvitamin D using a chemiluminescence reagent
(Mindary, Shenzhen, China, product lot 2022050122)
and chemiluminescence immunoassay analyzer (CL60001,
Mindary, Shenzhen, China). 1,25-dihydroxyvitamin D
was evaluated using the enzyme linked immunosorbent
assay method (Dogesce, Beijing, China, product number
DG12486H) and a microplate reader (SPARK version 2.0,
Tecan Austria GmbH, Grodig, Austria, product number
16039400).

2.4 Next-generation Sequencing of Gut Microbiota

Fecal samples were collected 20 days post-HSCT for
the patients, and on the day of recruitment for the normal
control group. They were stored at —80 °C for no more than
6 months prior to analysis of the GM.

16S rDNA nucleic acid was extracted from at least 100
mg of stool sample using a QlAamp Fast DNA Stool Mini
Kit (51604, QIAGEN, Hilden, North Rhine-Westphalia,
Germany). The resulting template DNA samples had
a qualified concentration of 24-1060 ng/uL and purity
(A260/A280) of 1.683—-1.781. The V3-V4 hypervariable
region of 16S rDNA genes was amplified using universal
primers with barcodes: forward (5’-3’), CCTACGGGRS-
GCAGCAG; reverse (5'-3"): GGACTACVVGGGTATC-
TAATC. The PCR products were detected by 2% agarose
gel electrophoresis and purified using the Agencourt AM-
Pure XP Nucleic Acid Purification Kit (A63881, Beck-
man Coulter, Brea, CA, USA). Prior to library prepara-
tion, a magnetic bead-based clean-up system was used to
remove any joint self-contiguous segments. The library
template was enriched by PCR using the KAPA HiFi Hot-
start ReadyMix kit (KR0370, Kapa Biosystems, Roche,
Basel, Switzerland). PCR products were detected by 2%
agarose gel electrophoresis, and the AxyPrep DNA Gel
Recovery Kit (08/05 Ver. 1, Axygen Biosciences, Union
City, CA, USA) was used to recover PCR products af-
ter gel cutting. Following recovery, the library quality
was evaluated using a Thermo NanoDrop 2000 UV spec-
trophotometer (Thermo Fisher Scientific, Wilmington, DE,
USA) and 2% agarose gel electrophoresis. Finally, single-
stranded DNA fragments were produced by denaturation
with sodium hydroxide. The bridge PCR method was used
for next-generation sequencing on the Illumina NovaSeq
6000 platform (20012850, Illumina, San Diego, CA, USA).

2.5 Bioinformatics Analysis

Clean tags were obtained after filtering for length
(minimum/maximum =200/550 bp) and quality (default pa-
rameters) using Mothor Software and Silva Gold Database.
The 0.97 similarity uparse method and unoise3 method
were used to cluster and de-noise the high-quality se-
quences, thereby obtaining several features. Operational
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Table 1. Distribution of baseline clinical and laboratory characteristics by bloodstream infections groups.

BSI

Non-BSI

Normal Control

Chi-square p
N=16 N =32 N =20
Sex = male (n, %) 10 (62.5%) 11 (34.4%) 10 (50%) 3.624 0.163
Age (years), median (IQR) 12.5 (5.7-14) 11 (7-14) 10.5 (7.3-12.8) 0.259
BMI, median (IQR) 16.2 (14.6-19.6) 16.3 (15.1-18.6) 0.759
Disease 3.295 0.193
AML 12 17
ALL 3 6
Others 1 9
HCT-CI, median (IQR) 1(1-1) 1(1-1) 0.885
Disease risk 1.596 0.207
Standard 2 11
High 14 21
Disease state 0.381 0.537
Remission 6 15
Unremission 10 17
Donor 0.333
Non-related 1 0
Related 15 32
HLA-matching 6.077 0.049
10/10 matched
6-9/10 matched 5 3
5/10 matched 11 23
Positive BSI history (n, %) 4 (25%) 5(15.6%) 0.154 0.695
Conditioning regimen
Myeloablative conditioning with BuCy 4 (25%) 10 (31.3%) 0.202 0.653
Total Body Irradiation 4 (25%) 2 (6.3%) 1.929 0.165
Post-Transplant Cyclophosphamide 8 (50%) 20 (62.5%) 0.686 0.408
Antibiotic use pre-transplant
B-lactam 12 19 1.139 0.286
Aminoglycoside 6 9 0.436 0.509
Quinolones 1 1 0.000 1.000
Polypeptide 5 1 5.357 0.021
Macrolide 2 3 0.000 1.000
Carbapenem 13 20 1.745 0.186
Oxazolidinone 2 4 0.000 1.000
Vancomycin 8 8 3.000 0.083
Tigecycline 4 5 0.154 0.695
Fungicide 14 19 3.927 0.048
Antibiotic use post-transplant
B-lactam 14 20 2.130 0.144
Aminoglycoside 11 17 1.071 0.301
Quinolones 1 2 0.000 1.000
Polypeptide 4 1 3.377 0.066
Macrolide 1 1 0.000 1.000
Carbapenem 14 26 0.019 0.891
Oxazolidinone 0 2 0.546
Vancomycin 11 20 0.182 0.670
Tigecycline 10 15 1.043 0.307
Fungicide 11 22 0.000 1.000
Vitamin D3 (125 IU/day) (n, %) 7 (43.75%) 7 (21.88%) 2.471 0.116
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Table 1. Continued.

BSI Non-BSI Normal Control .
Chi-square p
N=16 N=32 N=20
Calcitriol (0.25 ug/day) (n, %) 3 (18.75%) 6 (18.75%) 0.000 1.000
Diarrhea pre-transplant (positive, %) 13 (81.2%) 20 (62.5%) 1.745 0.186
Diarrhea post-transplant (positive, %) 16 (100%) 26 (81.25%) 1.929 0.165
Agranulocytosis period (days), median (IQR) 32 (25-36) 24 (19-33) 0.126
Neutrophils, percent, median (IQR) 76.3 (64.5-86.7) 75 (60.5-83.8) 0.918
Hemoglobin (g/L), median (IQR) 82 (76-95) 84 (79-90) 0.918
Total protein (g/L), median (IQR) 61.7 (53.5-66.5) 56.5 (52.6-64.4) 0.126
Albumin (g/L), median (IQR) 38.9 (34.2-41.7) 35.8 (34.1-38.8) 0.358
Lactate dehydrogenase median (IQR) 315.5(255.8-452.5)  283.5(236.6-473.8) 0.759
Outcome (survival, %) 10 (62.5%) 28 (87.5%) 2.668 0.102

Abbreviations: IQR, Interquartile Range; BMI, denotes body mass index; AML, Acute Myeloid Leukemia; ALL, Acute Lymphocytic
Leukemia; HCT-CI, hematopoietic cell transplantation specific comorbidity index; BSI, bloodstream infections; HLA, human leucocyte

antigen; BuCy, Busulfan and Cyclophosphamide.

taxonomic units (OTUs) were obtained by classifying the
same or similar sequences into the same feature. Alpha-
diversity (a-diversity) was evaluated using three different
metrics: richness (chaol), Shannon and OTUs (observed
species). Weighted and unweighted UniFrac and Bray-
Curtis distances were used to construct principal coordi-
nates analysis (PCoA) graphs. The unweighted pair group
method with arithmetic mean algorithm (UPGMA) was
used to construct the tree structure. A parametric ANOVA
test with a threshold of p < 0.05 was used to compare the
GM taxonomic composition between groups. The signif-
icantly different species identified by this step were then
analyzed with the Wilcoxon rank-sum test using a thresh-
old of 0.05. Linear discriminant analysis (LDA) was sub-
sequently performed to reduce the dimensionality of the
data and to assess the influence of the significantly differ-
ent species with a threshold set at 3. Multiple groups were
compared by the Kruskal-Wallis statistical test, while the
t-test was used to compare two groups. Anosim similarity
analysis was also carried out. The gene function spectrum
of different species was inferred using PICRUSt 2 software
(https://github.com/picrust/picrust2/releases).

2.6 Statistical Methods

SPSS 22.0 software (SPSS, Chicago, IL, USA) was
used for statistical analysis of the clinical data. The data
for discrete variables was presented as numbers and pro-
portions, while data for continuous variables was presented
as the median and range. Differences in patient characteris-
tics between groups were assessed using the Mann-Whitney
U test for continuous variables, and the chi-square test for
categoric values. The Kruskal-Wallis H test was used to
compare VD profiles between groups. Spearman analy-
sis was used to analyze the correlation between VD levels
and the abundance of the microbial community. To ana-
lyze the effect of risk factors on the incidence of BSI, rel-

ative risks were calculated using the crosstab method. Dif-
ferences were considered statistically significant when p <
0.05.

3. Results
3.1 General Characteristics of the Study Participants

A total of 48 children who underwent HSCT were
enrolled in the BSI and non-BSI patient groups. Sixteen
(33.3%) patients suffered BSI during the period of agran-
ulocytosis, and 32 (66.7%) did not. The distribution of
baseline clinical characteristics and laboratory test results is
shown in Table 1. Patient and control groups were not sig-
nificantly different with respect to age and gender. No dif-
ferences were found between the BSI and non-BSI patient
groups with respect to age, sex, BMI, primary diagnosis,
disease status, complete blood count, biochemical results,
VD use and outcome, but significant differences were found
for human leucocyte antigen (HLA) matching, as well as
for polypeptide and fungicide use pre-transplantation. The
mortality rate was 37.5% in the BSI group and 12.5% in the
non-BSI group.

3.2 Serum Vitamin D Analysis

Ofthe 16 BSI patients, 7 (43.75%) received small dose
oral supplementation with vitamin D3 (125 IU/day), and
3 (18.75%) received oral supplementation with calcitriol
(0.25 pg/day). Of the 32 non-BSI patients, 7 (21.88%) re-
ceived small dose oral supplementation with vitamin D3
(125 TU/day), and 6 (18.75%) received oral supplementa-
tion with calcitriol (0.25 pg/day). No significant differ-
ences in the levels of serum 25(OH)D and 1,25(OH);D3
were observed between patients who did and did not take
VD, nor in the abundance of the GM (p > 0.05). Serum VD
levels in the patient and healthy control groups are shown in
Table 2. No significant differences in serum 25(OH)D and

&% IMR Press


https://github.com/picrust/picrust2/releases
https://www.imrpress.com

observed_species

< o

Fig. 1. Box plots of GM «a-diversity comparisons among BSI patients (A), non-BSI patients (B) and healthy control groups (C).

GM, gut microbiota.

Table 2. Status of Serum Vitamin D by bloodstream infections groups.

BSI Non-BSI Normal Control
N=16 N=32 N=20 P
25(0OH)D pretransplant (ng/mL), median (IQR) 62.85(39.79-86.46)  41.59 (32.22-63.19)  50.95 (41.56-63.05)  0.829
1,25(0OH)2 D3 pretransplant (pg/mL), median (IQR) 0.85 (0.6-3.55) 0.8 (0.6-2.87) 0.758
25(OH)D Posttransplant (ng/mL), median (IQR) 54.73 (40.75-78.88)  49.29 (40.67-64.55) 0.609
1,25(0H)2 D3 Posttransplant (pg/mL) median (IQR) 0.75 (0.55-2.38) 1.72 (0.8-6.32) 0.759

25(0OH)D, 25-hydroxyvitamin D; 1,25(OH)2D3, 1,25-dihydroxyvitamin D3.

1,25(0OH)2D3 levels were found between the BSI and non-
BSI groups before and after transplantation, nor in compari-
son to the normal control group. Moreover, no correlations
were observed between 25(OH)D or 1,25(0OH),D3 levels
and patient outcome (p > 0.05).

3.3 Microbiota Analysis
3.3.1 a-Diversity

The abundance of fecal microbiota in BSI and non-
BSI patients was significantly lower than in healthy sub-
jects. The median value for Chao 1 in BSI (297.95,
130.52-504.04) and non-BSI (283.59, 152.92-514.75) pa-
tients was significantly lower (p = 0.01) than in normal con-
trols (474.82, 430.18-558.66). The median value for Shan-
non was 3.85 (2.94-5.28), 4.35 (3.49-5.62) and 5.80 (5.51—
6.20) in BSI, non-BSI and healthy controls, respectively,
while for observed species the median was152.95 (78.75—
293.75), 190 (89.25-335.22), and 305.95 (274.5-331.0),
respectively (p < 0.01) (Fig. 1). No significant difference
was found between the BSI and non-BSI patient groups (p
= 0.86), although the richness of GM was slightly lower in
BSI patients. No significant correlations were found be-
tween 25(OH)D or 1,25(0OH)2 D3 levels and the abundance
of flora (p > 0.05).

3.3.2 Taxonomic Composition

Characterization of the fecal microbial community is
shown in Fig. 2. At the level of phylum, the BSI group had
a significantly lower relative abundance of Firmicutes com-
pared to the control group (p = 0.009), but not to the non-
BSI group (p =0.08). The abundance of Actinobacteria was
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not significantly different between the two patient groups (p
=0.188), but in both groups it was significantly less than in
the control group (p < 0.001). The BSI group showed a
significantly higher abundance of Proteobacteria compared
to the non-BSI group (p = 0.0434), while the latter group
had a significantly higher abundance than healthy controls
(p = 0.0193). No significant difference in the abundance
of Bacteroidetes was observed between the three groups (p
= 0.375). At the genus level, the abundance of Staphylo-
coccus (p < 0.001), Pseudomonas (p < 0.001), Lactobacil-
lus (p = 0.04966), Enterococcus (p < 0.001), Veillonella
(» = 0.0172), Erysipelothrix (p = 0.0122), Clostridium in-
nocuum (p =0.0175) and Enterobacter (p =0.0394) were all
significantly higher in the BSI and non-BSI patient groups
compared to healthy subjects. Clostridium innocuum (p =
0.0287) was significantly higher in non-BSI patients com-
pared to BSI patients. On the other hand, the abundance
of Bifidobacterium (p < 0.001), Faecalibacterium (p <
0.001), Agathobacter (p < 0.001) and Blautia (p < 0.001)
were each significantly lower in the patient groups com-
pared to healthy subjects.

Fig. 3 shows a comparison of the fecal microbial com-
munity between BSI (Fig. 3A) and non-BSI (Fig. 3B) pa-
tients. The abundance of Erysipelothrix (p = 0.0187) and of
Clostridium innocuum (p = 0.0287) was significantly lower
in the BSI group compared to the non-BSI group.

LDA analysis was performed to identify species that
were significantly different in abundance between sub-
groups (see Supplementary Figure). Characteristic flora
in the healthy control group were Bifidobacterium, Cori-
obacteriaceae, Lachnospiraceae, Butyricicoccaceae, Os-
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Fig. 3. Compared fecal microbial community characterization between BSI (A) and non-BSI (B) patients at the Phylum (p), class

(c), order (o), family (f) and genus (g) levels.

cillospirales and Selenomonadaceae. In the non-BSI
group they were Actinomycetaceae, Erysipelotrichaceae,
Enterococcaceae and Lactobacillaceae, while in the BSI
group they were Staphylococcaceae, Enterobacteriaceae
and Pseudomonadaceae.

3.3.3 -Diversity

The results of PCoA and UPGMA analysis are shown
in Fig. 4. The distance ranges for microbiota in the BSI and
non-BSI patients overlapped, and both were distant from
the control group. UPGMA analysis also revealed a signif-
icant population difference between the patient and control
groups. Anosim similarity analysis found there were signif-
icant differences between the three groups. The R statistic
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and p-value between BSI and non-BSI, BSI and control, and
non-BST and control groups were 0.1256 and 0.027, 0.6186
and 0.001, and 0.5487 and 0.001, respectively.

3.4 Clinical Analysis
3.4.1 Risk Factors for BSI and Death

The results of relative risk (RR) analysis showed that
remission of the primary disease before transplantation may
be apotential protective factor against BSI (RR = 0.709,
95% CI: 0.459-1.096). Potential risk factors for BSI were a
positive history of BSI during chemotherapy (RR = 1.605,
95% CI: 0.816-3.157), gastric tube placement (RR =3.000,
95% CI: 0.891-10.096), and diarrhea before transplanta-
tion (RR = 1.32, 95% CI: 0.908-1.918). Remission of
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the primary disease before transplantation was predictive
of a better survival outcome (RR = 0.615, 95% CI: 0.43—
0.877), whereas gastric tube placement (RR = 3.600, 95%
CI: 1.079-12.008) and diarrhea after transplantation (RR =
1.313, 95% CI: 1.108-1.554) were risk factors for worse
survival outcome.

3.4.2 Clinical Characteristics of Patients with BSI

The main clinical features, pathogens, and dominant
GM of the 16 patients with BSI are shown in Table 3. The
most common suspected source of infection was the intes-
tine (10/16, 62.5%), followed by peripherally inserted cen-
tral catheters (3/16, 18.8%) and skin lesions (2/16, 12.5%).
A majority of patients (81.25%, 13/16) had diarrhea before
the onset of BSI. Of the 10 suspected cases with pathogenic
bacteria of intestinal origin, 3 (30%) had Enterococcus, 3
(30%) had Klebsiella, 3 (30%) had Escherichia coli, and
1 (10%) had Pseudomonas aeruginosa and Staphylococ-
cus epidermidis. The predominant intestinal flora of 7
(43.75%) patients was consistent with the pathogenic bac-
teria of BSL.

4. Discussion

VD plays a crucial role in innate immunity, adap-
tive immunity, endothelial function at the mucosal barrier,
and the GM, while the GM is essential for host immune
response and vitamin synthesis [4]. Combined research
on VD and the intestinal microflora has led to significant
progress in many inflammatory diseases, metabolic dis-
eases, and tumors. However, the consequences and mecha-
nism of VD deficiency and GM dysbiosis for BSI remain
controversial [7,8,22,23], especially in young HSCT pa-
tients [24,25]. This study focused on VD and gut flora in

pediatric HSCT patients in order to expand current knowl-
edge in this evolving area.

There may be several reasons for the inconsistent con-
clusions in the literature regarding VD in pediatric HSCT
patients. These include different levels of sunlight exposure
in patients from different areas, different detection methods
(ELISA, chemiluminescence, mass spectrometry) for the
storage (25(OH)D) and active (1,25(OH)3D3) forms of VD,
the timing of VD measurement, non-uniform diagnostic cri-
teria for severe VD deficiency, and the relatively small sam-
ple size of pediatric HSCT studies. In the present work, we
simultaneously detected serum 25(OH)D and 1,25(OH);Ds3
both pre- and post-transplantation. However, neither of
these VD forms was found to be different between the BSI,
non-BSI, and healthy control groups. Some patients had re-
ceived low oral doses of VD or calcitriol for the prevention
of osteoporosis associated with glucocorticoid use. Despite
this, no significant differences were observed between the
patient groups, possibly due to the much lower doses taken
relative to the therapeutic doses used for VD deficiency
[26]. Mechanistic study has demonstrated the involvement
of VD in regulating the tight junction of the intestinal mu-
cosal barrier, intestinal inflammatory cells and cytokines,
and the abundance and composition of the GM [27]. How-
ever, the present study found no correlation between VD
levels and the onset of BSI, patient outcome, or the diver-
sity of intestinal flora. VD deficiency can decrease the di-
versity of the microbial community, with less Firmicutes
and more Proteobacteria [28]. Moreover, VD supplemen-
tation increases the abundance of Firmicutes phylum [13].
The shifts in flora diversity and composition observed here
in BSI patients compared to healthy children are similar
to those reported previously in child and adolescent Acute
Lymphoblastic Leukemia (ALL) and Acute Myeloid Leuk-
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Table 3. The main clinical signs, pathogens and dominant gut microbiota of patients with BSI.

Dominant bacterial

Patient Body Diarrhea Low blood L . . Possible source . .

Oliguria BSI pathogenic bacteria . . community (Relative abundance Outcome
ID temperature  pre-BSI  pressure of infection

>15%, Genus)
Al 39.5 positive Staphylococcus epidermidis PICC Pseudomonas, Shinella death
A2 38.2 Staphylococcus hominis PICC Clostridium, Bifidobacterium, Veillonella survival
A3 40 positive Enterococcus faecalis Intestinal Lactobacillus death
A4 39.9 positive positive Escherichia coli Intestinal Firmictues death
A5 40 positive  positive Staphylococcus aureus Unspecified Enterococcus, Staphylococcus survival
A6 39 positive Deficient anaerobic bacteria Unspecified Klebsiella, Gammaproteobacteria survival
A7 39.8 positive positive Staphylococcus epidermidis Unspecified Staphylococcus, Enterococcus, Enterobacter  survival
A8 38.4 positive Pseudomonas aeruginosa PICC and Intestinal Enterococcus, Bacillus, Lactobacillus survival
Staphylococcus epidermidis

A9 38.6 positive Fusarium Skin lesion of scrotum Staphylococcus, Klebsiella survival
Al10 39.5 positive Enterococcus cecorum Intestinal Enterococcus, Klebsiella, Bacteroides death
All 39.2 positive Klebsiella pneumoniae Intestinal Pseudomonas, Porphyromonas survival
Al12 40.2 Escherichia coli Intestinal Enterococcus, Roseburia, Escherichia death
Al3 39 positive Klebsiella pneumoniae Intestinal and Perianal lesions Klebsiella, Enterococcus death
Al4 41 positive  positive  positive Klebsiella pneumoniae Intestinal Enterococcus, Staphylococcus survival
AlS 37.8 positive Enterococcus faecium and Staphylococcus haemolyticus Intestinal Klebsiella, Romboutsia, Staphylococcus survival
Al6 39.2 Escherichia coli Intestinal Enterococcus, Bacteroides, Enterobacter survival

PICC, peripherally inserted central catheters.
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emia (AML) patients pre-chemotherapy and pre-
transplantation [29,30]. An appropriately sized, ran-
domized controlled trial using a specified dose of VD3
may allow a more definite conclusion to be reached.
However, the current study did not find any practical value
in monitoring VD levels in HSCT pediatric patients.

At the phylum level, the results of the present study
concur with some other reports that also showed less Fir-
micutes, less or unchanged Actinobacteria, and more or un-
changed Bacteroidetes between patients and healthy con-
trols [29]. However, some discordant results were also
found, as no difference was reported for Proteobacteria,
whereas our study found significant differences between
the three groups. This may be a result of transplantation
and its complications. Conditioning regimens such as cy-
totoxic drugs, DNA-alkylating agents, radiotherapy, and
the prophylactic use of broad-spectrum antibiotics result
in major changes in microbiota composition. In particu-
lar, patients receiving radiotherapy were characterized by
a relatively high abundance of Proteobacteria [31]. Pro-
teobacteria showed the highest relative diversity in the BSI
group, possibly because many pathogenic bacteria such as
Enterobacter, Escherichia and Pseudomonas belong to this
phylum. Taur et al. [32] found that the risk of gram-
negative bacteremia in HSCT patients was 5-fold higher if
the GM was dominated by Proteobacteria. The increased
use of antibiotics for BSI can further exacerbate imbalances
in the GM composition. Antibiotics often eradicate Bac-
teroidetes, Firmicutes and Actinobacteria taxa, thus open-
ing a niche for colonization or proliferation by opportunistic
bacteria from the Proteobacteria phylum [33].

Research over the past few years has indicated that
sepsis and its treatment with antibiotics can lead to dysreg-
ulation of the microbiome. The gut has also been hypothe-
sized to be the “motor” of sepsis [34]. Sepsis and intestinal
dysbiosis interact in a vicious cycle, with sepsis inducing
gut dysbiosis through various effects on gut hypoperfusion,
immune dysregulation and organ failure. Moreover, sepsis
can be induced through pathogen-associated molecular pat-
terns (PAMPs), inflammatory cytokines, immune cell apop-
tosis, as well as injury to the intestinal epithelium [35] and
tight junctions leading to a leaky gut and bacterial translo-
cation [36]. Firmicutes are the main bacterial producers
of SCFA, and reduced abundance leads to the invasion of
pathogenic bacteria through the gut and into the blood cir-
culation [35]. In the present study, a lower abundance of
Firmicutes was observed in the patient groups. However,
it was the predominant intestinal bacteria in almost half the
BSI patients, consistent with previous reports on pathogenic
bacteria in BSI. Although no data was available for GM
composition prior to BSI, 62.5% of the pathogens in BSI
may originate from the intestinal tract based on clinical ob-
servations, and most patients have diarrhea before the onset
of BSL.
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At the genus level, a consistent finding amongst stud-
ies including the current one is that Faecalibacterium is
reduced in patients with acute leukemia [37,38]. The
SCFA butyrate is produced mainly by Faecalibacterium
and could be involved in intestinal barrier repair, as well
as impeding the progression of AML [38]. Treatment
with cefazolin, ampicillin, moxifloxacin, and vancomycin
has been shown to decrease the Faecalibacterium pop-
ulation in humans [39]. In pediatric leukemia patients,
Bacteroides, Acinetobacter, Enterococcus and Veillonella
were reported to be significantly enriched, whereas Bi-
fidobacterium, Anaerostipes, Erysipelothrix, Faecalibac-
terium, Lactobacillus, Roseburia and Ruminococcus were
markedly reduced [40,41]. During HSCT, the intestinal
flora may also suffer from the loss of probiotics such
as Faecalibacterium, Bifidobacterium and Ruminococcus,
and from colonization by non-probiotics such as FEnte-
rococcus, Staphylococcus, Escherichia and Enterobacter
[42,43]. A high abundance of potential pathogens such as
Enterococcus [44], Staphylococcus and Pseudomonas was
also observed after BSI [23]. The present study found that
Enterobacteriaceac was the characteristic flora of the BSI
group. Treatment with Ampicillin, Amoxicillin/clavulanic
acid and Clarithromycin/metronidazole has been shown to
increase the Enterobacteria population [39].

5. Conclusions

In summary, this study found that measuring VD lev-
els has no practical value in HSCT patients. Additionally,
during HSCT and BSI, there was a loss of probiotics and an
increase in potential pathogens in the gut microbiota.

The strengths of this study were its prospective study
design, quality-controlled laboratory testing, and an experi-
enced clinician. Limitations of the study included its single-
center design which may have led to patient bias, the lack
of fecal samples and hence GM data prior to transplantation
and BSI onset, the lack of parallel testing of GM metabo-
lites, and the relatively small number of pediatric HSCT
patients. To corroborate our findings, further multi-center
studies are required that have a large sample size, multiple
time points for the testing of intestinal flora and metabolites,
and additional monitoring indexes that reflect the actual VD
state.
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