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Abstract

Background: Although Enterococcus domination has been extensively evaluated in the con-
text of allogeneic hematopoietic stem cell transplantation (allo-HSCT), the prevalence and
clinical implications of other dominant genera remain poorly understood. Objective: In
this study, we sought to determine the dynamics, predictors and clinical implications of
intestinal domination in Brazilian patients undergoing allo-HSCT. Methods: In a prospec-
tive study of four Brazilian centers, fecal specimens were collected longitudinally prior
to allo-HSCT until six months post-transplantation. To identify intestinal domination, we
performed 165 rRNA gene sequencing using the Illumina platform. We then evaluated the
impact of intestinal domination on overall survival and acute Graft-versus-Host-Disease
(aGvHD) incidence. Finally, to identify predictors of intestinal domination, we performed
a logistic regression model. Results: A total of 192 fecal specimens were collected from
69 patients. No significant changes in alpha or beta diversity were observed over the
course of allo-HSCT. Among the 192 specimens, 131 (68%) presented intestinal domination.
The top four dominant genera were Bacteroides, Akkermansia, Phascolarctobacterium, and
Escherichia-Shigella. No significant associations were found between domination by these
genera and either overall survival or aGvHD incidence. Furthermore, no patient-level
characteristics, including age, sex, underlying disease, conditioning regimen, or stem cell
source, reliably predicted intestinal domination. Conclusions: Our findings reveal a unique
intestinal domination fingerprint in Brazilian patients and highlight the importance of
geographic context in interpreting microbiota—outcome associations in allo-HSCT settings.
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1. Introduction

Allogeneic hematopoietic stem cell transplantation (allo-HSCT) is a curative therapy
for several malignant and non-malignant diseases [1-6]. Despite allo-HSCT’s potential
benefits, life-threatening complications such as neutropenic fever, relapse and acute Graft-
versus-Host-Disease (aGvHD) remain major barriers to successful outcomes [1-6]. The
clinical success of allo-HSCT relies on the identification and mitigation of key variables
with prognostic significance. Among these prognostic variables that can shape the course
of the allo-HSCT, a key player seems to be the intestinal microbiota [7-9]. The intestinal
microbiota plays a multifaceted role in human physiology, contributing to the preservation
of the gut barrier integrity, producing key metabolites to maintain gut homeostasis, and
shaping immune responses through complex crosstalk [10]. Through these mechanisms, the
intestinal microbiota can shape the development of clinical outcomes over the allo-HSCT.
For instance, aGvHD, which is the leading cause of non-relapse mortality, has been linked
to specific patterns of intestinal microbiota disruption (“intestinal dysbiosis”) [11-15].
A decreased intestinal diversity (an index that measures intestinal microbiota variety
[richness] and balance [evenness]) over the engraftment period has been associated with an
approximately eight-fold increase in the risk of aGvHD [12]. Another intestinal dysbiosis
feature frequently reported is the decreased abundance of SCFA (short-chain-fatty-acid)-
producing bacteria, which has been associated with infections, transplant-related mortality,
and overall survival [16-18]. These and other studies outline the impact of specific intestinal
dysbiosis features in the context of allo-HSCT.

In patients undergoing allo-HSCT, another key feature of intestinal dysbiosis is the
expansion of a single microbiota genus resulting in intestinal domination. Intestinal domina-
tion is a frequent dysbiosis feature in allo-HSCT, occurring in 28% to 80% of patients [19-24].
Although intestinal domination is common, the specific genus driving this event may vary
across studies. For example, while Enterococcus was the most common dominant genus in
the microbiota of patients from four different centers, Streptococcus and Bacteroides were
predominant in other allo-HSCT studies [19,21,24]. Thus, although intestinal domination is
consistently present in allo-HSCT studies, distinct domination fingerprints may emerge
across different cohorts.

Across different cohorts, understanding how these distinct domination fingerprints
may have prognostic significance is a key step to optimizing stratification and intervention
strategies. Nevertheless, the available evidence has largely been focused on Enterococcus
domination [20-24]. For instance, Enterococcus domination has been linked to significantly
reduced overall survival, GvHD severity, and increased risk of bloodstream infections
(BSI) [21,23,24]. However, how other dominant genera may impact clinical outcomes
remains poorly understood.

Therefore, in this study, we sought to provide a comprehensive overview of the
dynamics, predictors, and clinical implications of intestinal domination events in a cohort
of Brazilian patients undergoing allo-HSCT. As shown in the subsequent sections of this
manuscript, we identified a unique domination fingerprint in our cohort and conclude that
the prognostic significance of intestinal domination during allo-HSCT may vary according
to the dominant genera and the population being evaluated.
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2. Patients, Material and Methods
2.1. Study Design, Ethical Aspects and Sample Collections

This is an ongoing, observational, multicenter, prospective, cohort study of patients
undergoing allo-HSCT, which was approved by the Research Ethics Committee of Sao
Paulo State University (process number 5.138.190/2021) and conducted according to the
guidelines of the Declaration of Helsinki. The inclusion criteria were patients > 12 years old
undergoing allo-HSCT who provided at least one stool sample during the procedure and
had clinical data available in REDCap. The exclusion criteria were: (1) cord blood transplant
recipients, (2) patients who withdraw from the study, and (3) patients who did not provide
stool samples over the 6-month follow-up. Antibiotic administration, nutritional status or
presence of comorbidity was not considered as exclusion criteria. All participants signed
an informed consent form at the beginning of the study. For patients <18 years old, both
the patient and their legal representative agreed to participate in the study and signed
consent forms.

Stool samples were collected at four different transplant centers (Hospital de Base of
the Fundacao Faculdade Regional de Medicina [HB-FUNFARME], Hospital Amaral Car-
valho [HAC], Hospital de Cancer de Barretos [HCB] and Hospital Beneficéncia Portuguesa
de Sao Paulo [BP]) and stored at —80 °C. Stool samples were collected longitudinally at
7 time points: prior to conditioning regimen (D—7), at the day of stem cell infusion (DO0),
30 days after stem cell infusion (D+30), D+60, D+90, D+180, and at acute GvHD diagnosis.
Although all efforts were made to collect the specimens at these exact time points, some
variability occurred due to the timing and frequency of bowel movement patterns. Ad-
ditionally, some samples were not collected from patients who were discharged from the
original institution to continue follow-up in their hometown or, in some cases, when the
patient was critically ill.

2.2. Intestinal Microbiota 16S Sequencing and Bioinformatics Pipeline

DNA was extracted from 200 mg of fecal samples by using QlAamp Fast DNA Stool
Mini Kit (Qiagen, CA, USA), according to the manufacturer’s protocol. DNA was then quan-
tified by Qubit dsDNA HS Assay Kit (Thermofisher, Waltham, MA, USA). The 16S rRNA
V3-V4 regions were then amplified in a two-step PCR protocol using the following pre-
determined primers—341F: 5'-TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGCCT
ACGGGNGGCWGCAG, and 805R 5'- GTCTCGTGGGCTCGGAGATGTGTATAAGA-
GACAGGACTACHVGGGTATCTAATCC. PCR reactions used 2X Platinum SuperFi II
PCR Master Mix (Thermofisher) and involved a denaturation at 98 °C for 30 s followed
by 30 cycles of: 98 °C for 10 s, 55 °C for 10 s, and 72 °C for 30 s. Sequencing was done
in the Illumina NextSeq 1000 platform (San Diego, CA, USA). A total of 45,590,208 reads
were generated (average ~228,000 per sample) and underwent adapter removal using
the Cutadapt v2.6 [25]. Then, the reads underwent quality filtering, denoising, chimera
removal and amplicon sequence variant (ASV) inference using DADA2 v.1.26.0 [26]. A total
of 17,934,483 reads (average ~89,700 per sample) passed all filtering and were used in down-
stream analyses. Taxonomic classification was performed using the Classify-sklearn naive
Bayes classifier as implemented in Qiime2 (q2-feature-classifier plugin), which was trained
on the SILVA SSU v138.1 NR 99 database [27,28]. The relative abundance of different ASVs
in each sample was analyzed in Qiime2 and plotted with the taxa plugin (barplot function).
Alpha and beta diversity indexes as well as statistical tests for significant differences across
experimental groups were computed using the Qiime2 diversity plugin. The normalization
method used in the study was rarefaction to 50,000 reads per sample (Qiime2 diversity
plugin, alpha-rarefaction function; see Supplementary Figure S1). Tables were developed
to compute the abundance of reads assigned to each ASV, which were then aggregated
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to the genus level for analyses. The metadata from this study have been submitted to the
NCBI Sequence Read Archive (BioProject PRINA1357096).

2.3. Statistical Analysis

Intestinal domination was defined as the relative abundance > 30% of any specific
genera within each stool sample [19,21,23,24,29]. This threshold was selected to align with
prior allo-HSCT studies and ensure consistency with global definitions of intestinal domina-
tion. This analysis was focused on genera because this is generally the most specific level at
which 165 sequencing can provide reliable classification [17]. We first generated descriptive
statistics separated by intestinal domination status. Tests of associations between intestinal
domination status and variables were examined by chi-square or Fisher’s exact test for
categorical variables and Wilcoxon rank-sum test for continuous variables. Consistent
with prior studies evaluating intestinal domination, the outcomes of interest were overall
survival and cumulative incidence of aGvHD and severe aGvHD (grade 2—4) [17,21,24,30].
Overall survival was analyzed using the Kaplan-Meier methodology and survival curves
were compared using the log-rank test. The time to event was calculated from DO (day
of stem cell infusion) to the date of death by any cause, aGvHD or last follow-up. Acute
GvHD was diagnosed clinically, confirmed pathologically by biopsy, whenever possible,
and graded per the MAGIC criteria [30]. Similar to prior studies, the onset of aGvHD was
determined based on the onset of symptoms (clinical suspicion) [15]. A Cox regression
analysis was used to evaluate the association between intestinal domination and aGvHD.
A multivariate Cox regression analysis was performed to evaluate the association between
intestinal domination and overall survival, as well as the cumulative incidence of GvHD,
adjusting for potential confounders (age, sex, center, underlying diagnosis, conditioning
regimen, donor sex, stem cell source, and donor type). This multivariate analysis was
not conducted for severe GvHD due to the relatively low number of patients. Univariate
logistic regression models were used to identify predictors of intestinal domination (see
Supplementary Methods for details). A sensitivity analysis was performed specifically
for overall survival to identify the optimal cutoff value for defining intestinal domination
(expressed as relative abundance, %). For each potential threshold, samples were classified
into “dominant” and “non-dominant” groups, which were then compared using Cox pro-
portional hazards regression. A post hoc power analysis using the survivalpwr package
in R was performed to evaluate whether the small sample size may have contributed to
the significant association observed in our analysis, potentially indicating instability of the
effect estimate [31]. All analyses were performed using the software R. A p-value of <0.05
was considered statistically significant.

3. Results
3.1. Diversity Metrics and Prevalence of Intestinal Domination

During the study period, 69 patients undergoing allo-HSCT provided 192 stool sam-
ples. The proportion of samples at each time point is shown in Supplementary Table S1. No
significant changes in alpha or beta diversity were observed over the course of allo-HSCT
(see Figure 1).

At the patient level, the prevalence of intestinal domination at any time point was
78.2% (n = 54/69). Among the 192 stool samples, 68.2% (n = 131/192) exhibited an intestinal
domination event at any time point. The prevalence of intestinal domination at each time
point is shown in Figure 2. The lowest prevalence occurred in samples collected prior to
the conditioning regimen (41.6%; n = 20/48). The highest prevalence occurred in samples
collected 60 days after allo-HSCT (96.6%; n = 29/30). At the time of aGvHD diagnosis,
70% of patients (n = 7/10) presented intestinal domination by a single genus. Additionally,
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among the 131 samples with intestinal domination, 12.9% (n = 17/131) had concurrent
domination by two distinct genera (see Supplementary Table S2).

The specific genera responsible for these intestinal domination events are shown
in Figure 3. Overall, most of these events resulted from the expansion of four genera:
(1) Bacteroides (n = 46), (2) Akkermansia (n = 19), (3) Phascolarctobacterium (n = 16), and
(4) Escherichia—Shigella (n = 14; see Figure 2). Interestingly, only one sample (0.5%) showed
Enterococcus domination (see Supplementary Table S3).

Kruskal-Wallis p = 0.1013

DO D+30 D+60 D+90 D+180 aGvHD

Distance to D-7

D-7 D+30 D+60 D+90 D+180 aGvHD DO

Figure 1. Dynamics of Alpha and Beta Diversity over the allo-HSCT. (A) Shannon Index over the
allo-HSCT. (B) Bray—Curtis dissimilarity relative to pre-conditioning sample (D — 7). Each box
represents the distribution of dissimilarities across patients at each time point. Higher distances
indicate greater shifts in microbiota composition relative to baseline. aGvHD = acute graft versus

host disease; D = Day.
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Figure 2. Prevalence of intestinal domination by any genus over the allo-HSCT. Error bars represent-
ing 95% confidence interval calculated using the Wilson score method for proportions to account
for small sample sizes at late time points. Allo-HSCT = Allogeneic hematopoietic stem cell trans-
plantation. aGvHD = acute Graft-versus-Host Disease; D = Day. Edited with BioRender.com, Soares
Ferreira Junior A. (2025) https:/ /BioRender.com/zd0vcep (accessed on 3 November 2025).

100%

90%
80%
70%
Other bacteria
Akkermansia
0,
60% Prevotella
Bacteroides
Phascolarctobaterium
0,
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Parabacteroides
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Veillonella
30% UBAI8I9
20%
10%
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D-7 DO

- D+30  D+60 D+90 D+I80 GvHD
Days over allo-HSCT

Fraction of Samples

Figure 3. Proportion of intestinal domination events by specific genera over the allo-HSCT. Allo-
HSCT = Allogeneic hematopoietic stem cell transplantation. Edited with BioRender.com, Soares
Ferreira Junior A. (2025) https:/ /BioRender.com/xzrbtuf (accessed on 3 November 2025).

3.2. Patient Characteristics by Intestinal Domination Status

Patient demographic information classified by intestinal domination status is shown
in Table 1. No statistically significant differences were found for any of the demographic
characteristics (age, weight, height, and sex). Additionally, no statistically significant
differences were found for any allo-HSCT-related variable (prior allo-HSCT, stem cell
source, donor type, and conditioning regimen).
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Table 1. Baseline Demographic Characteristics by Intestinal Domination Status.

Variable No-Intestinal Domination Yes-Intestinal Domination Total p-Value
(n=15) (n=>54) (N =69)
Age (years) 0.6
Mean (SD) 44 (19) 41 (15) 40 (16)
Median (IQR) 40 (27-68) 42 (31-51) 40 (28-49)
Range 18-74 12-71 12-73
Weight (kg) 0.12
Mean (SD) 79 (16) 72 (17) 74 (17)
Median (IQR) 79 (68-87) 68 (62-82) 74 (64-82)
Range 48-110 43-130 43-130
Height (cm) 0.091
Mean (SD) 170 (10) 166 (10) 167 (10)
Median (IQR) 173 (160-178) 164 (158-174) (1 6(1)f?75)
Range 150-185 146-189 146-189
Center 0.2
HB-FUNFARME 4 (27%) 5 (9.3%) 9 (13%)
HAC 4(27%) 18 (33%) 22 (32%)
HCB 0 (0%) 8 (15%) 8 (12%)
BP 7 (47%) 23 (43%) 30 (43%)
Sex 0.2
Male 9 (60%) 22 (41%) 31 (45%)
Female 6 (40%) 32 (59%) 38 (55%)
Prior Allo-HSCT 0 (0%) 3 (6.4%) 3 (5.1%) >0.9
Primary Disease 0.4
Acﬁéiﬁgﬁ;’id 6 (40%) 23 (43%) 29 (42%)
AcuLtguLg;“nﬁfi‘Oid 1(6.7%) 15 (28%) 16 (23%)
Chrfg;igﬁ’gmd 1 (6.7%) 2 (3.7%) 3 (4.3%)
Hodgkin’s Lymphoma 1 (6.7%) 1 (1.9%) 2 (2.9%)
N‘i‘;ﬁ:ﬁfﬁ:’s 0 (0%) 1(1.9%) 1(1.4%)
Aplastic Anemia 2 (13%) 5(9.3%) 7 (10%)
Sickle Cell Disease 1(6.7%) 2 (3.7%) 3 (4.3%)
Other 3 (20%) 5(9.3%) 8 (12%)
Stem Cell Source 0.4
Peripheral Blood 9 (60%) 39 (72%) 48 (70%)
Bone Marrow 6 (40%) 15 (28%) 21 (30%)
Donor Type 0.11

Matched Related 3 (20%) 17 (31%) 20 (29%)




J. Clin. Med. 2025, 14, 8351 80f18
Table 1. Cont.
Variable No-Intestinal Domination Yes-Intestinal Domination Total p-Value
(n=15) (n=54) (N =69)
Matched Unrelated 4 (27%) 3 (5.6%) 7 (10%)
Mismatched Related 0 (0%) 3 (5.6%) 3 (4.3%)
Haploidentical 7 (47%) 30 (56%) 37 (54%)
Mismatched Unrelated 1(6.7%) 1(1.9%) 2 (2.9%)
Donor Sex 0.4
Male 7 (47%) 33 (61%) 40 (58%)
Female 8 (53%) 21 (39%) 29 (42%)
Intensity of 0.
Conditioning Regimen
Ablative 4 (27%) 21 (39%) 25 (36%)
Reduced Intensity 7 (47%) 20 (37%) 27 (39%)
Nonmyeloablative 4 (27%) 12 (22%) 16 (23%)
TBI-Conditioning 6 (40%) 29 (54%) 35 (51%) 0.3

Regimen

Allo-HSCT = Allogeneic hematopoietic stem cell transplant; BP = Hospital Beneficencia Portuguesa de Sao Paulo;
kg = kilograms; cm = centimeters; SD = Standard deviation; IQR = Interquartile range; TBI = Total body irradiation;
HB-FUNFARME = Hospital de Base of Fundacao Faculdade Regional de Medicina; HAC = Hospital Amaral
Carvalho; HCB = Hospital de Cancer de Barretos.

3.3. Analysis of Clinical Outcomes

Our analysis identified no significant association between overall survival and in-
testinal domination by the four most frequently identified genera—Bacteroides (p = 0.84),
Akkermansia (p = 0.47), Phascolarctobacterium (p = 0.4), and Escherichia-Shigella (p = 0.98; see
Figure 4A-D). Although univariate analysis revealed a significant association between Phas-
colarctobacterium domination and cumulative incidence of aGvHD (HR 2.39 [1.08-5.31];
p = 0.032), this was no longer significant after adjusting for confounders (age, sex,
center, underlying diagnosis, conditioning regimen, donor sex, stem cell source, and
donor type) in a multivariate analysis (HR 1.75 [0.73—4.20]; p = 0.20). Also, post hoc
power analysis showed 67% power to detect the observed effect size (HR = 2.39) for
aGvHD, indicating that the significant association identified in our study may be un-
stable due to the small sample size and should be interpreted with caution. For the
other three genera, no significant associations were found between domination and cu-
mulative incidence of aGvHD (Bacteroides: HR = 0.81 [0.40-1.63]; p = 0.6; Akkermansia:
HR = 1.42 [0.59-3.43]; p = 0.4; and Escherichia-Shigella: HR = 1.94 [0.91-4.17]; p = 0.088;
see Figure 5A-D). Finally, no significant association was observed between domination
by any of the four genera and the cumulative incidence of severe aGvHD—Bacteroides:
HR =1.18 [0.44-3.15]; p = 0.7; Akkermansia: HR = 0.54 [0.16-1.89]; p = 0.3; Phascolarctobac-
terium: HR = 0.64 [0.18-2.26]; p = 0.5; and Escherichia-Shigella: HR = 1.66 [0.54-5.14]; p = 0.4
(see Supplementary Figure S2A-D). Multivariate analyses assessing the associations be-
tween intestinal domination and overall survival, as well as the cumulative incidence of
GVHD, are presented in Supplementary Table S4. The sensitivity analysis performed to
identify the optimal cutoff value for defining intestinal domination corroborated the 30%
threshold for Phascolarctobacterium, and are shown in Supplementary Figure S3A-D.
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Figure 4. The impact of intestinal domination on overall survival. (A) Bacteroides. (B) Akkermansia.
(C) Phascolarctobacterium. (D) Escherichia-Shigella.
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Figure 5. The impact of intestinal domination on the cumulative incidence of aGvHD. (A) Bac-
teroides. (B) Akkermansia. (C) Phascolarctobacterium. (D) Escherichia-Shigella. HR = Hazard Ratio.

CI = Confidence interval.
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3.4. Predictors of Intestinal Domination

The univariate logistic regression model of predictors of intestinal domination by any
genera and by Bacteroides, Akkermansia, Phascolarctobacterium, and Escherichia-Shigella is
shown in Table 2. None of the variables were associated with intestinal domination. Given
the absence of statistically significant variables in the univariable model, a multivariable
model was not performed.

Table 2. Univariable Logistic Regression Model of Predictors of Intestinal Domination.

Any Genus Bacteroides Akkermansia Phascolarctobacterium Escherichia-Shigella
OR (95%CI) p Value  OR (95%CI) p Value OR (95%CI) p Value OR (95%CI) p Value OR (95%CI) p Value
0.99 0.99 0.99 1.03 1.00
Age (0.95-1.02) 046 (0.96-1.02) 0-67 (0.96-1.03) 0.73 (0.99-1.08) 0.18 (0.96-1.04) 0.88
0.98 1.01 0.99 1.05 0.94
BMI (0.88-1.09) 0.69 (0.92-1.11) 0.81 (0.89-1.11) 0.90 (0.93-1.20) 041 (0.82-1.06) 0.32
Sex
Female - - - - - - - - - -
046 0.65 041 0.31 0.85
Male (0.14-1.45) 0.19 (0.24-1.75) 040 (0.10-1.41) 0.18 (0.04-1.39) 0.16 (0.23-2.99) 0.80
Conditioning
regimen
Reduced R B ~ R B B B ~ B B
intensity
. 1.75 1.20 2.33 114 114
Myeloablative s 467753 042 (030.369) 075 (0.61-10.1) 023 (0.19-6.70) 088 (0.24-5.39) 086
Non- 1.00 1.08 138 1.92 2.00
myeloablative  (0.25-4.47) >0.99 (0.29-3.85) 091 (0.24-7.24) 0.70 (0.32-11.7) 046 (0.41-9.87) 0.38
IBI- 174 157 138 125 0.97
Colg‘d‘.“omng (0.55-5.84) 0.35 (0.59-4.26) 0.37 (0.43-4.70) 0.59 (0.30-5.48) 0.76 (0.27-3.43) 0.96
eglmen
Stem cell
source
Peripheral - - - - - - - - - -
0.58 1.03 135 025 183
Bonemarrow 15195 0¥ (035-2.03) 096 (0.37-4.58) 063 (0.01-1.50) 021 (0.48-6.60) 0:36
Underlying
diagnosis
Acute ~ ~ ~ _ ~ ~ ~ _ _ ~
leukemia
0.40 0.76 0.89 025 118
Others (0.12-1.33) 0.13 (0.25-2.20) 0.62 (0.22-3.10) 0.87 (0.01-1.50) 021 (0.28-4.29) 0.81

BMI = Body mass index; CI = Confidence interval; OR = Odds ratio; TBI = Total body irradiation.

4. Discussion

In this multicenter, prospective, observational study, we outlined the dynamics, pre-
dictors, and clinical implications of intestinal domination in Brazilian patients undergoing
allo-HSCT. We first found that intestinal domination is a prevalent dysbiosis fingerprint
occurring in 78.2% of patients. Then, we identified a unique pattern of domination in
Brazilian patients characterized by an extremely low prevalence of Enterococcus domination
(only 1.4% of patients). In this fingerprint, most intestinal domination events were driven
by the expansion of Bacteroides, Akkermansia, Phascolarctobacterium, and Escherichia-Shigella.
Although this domination fingerprint was frequent in our cohort, it did not appear to
significantly impact key clinical outcomes such as overall survival and aGvHD incidence.
Finally, none of the patient or allo-HSCT-related characteristics included in our analysis
predicted intestinal domination.

In our analysis, the most interesting finding is that although intestinal domination
occurred in 78.2% of patients, this was rarely driven by Enterococcus expansion (only one
patient). This extremely low prevalence of Enterococcus domination (1.4%) differs from the
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current literature. In prior studies examining intestinal domination in patients undergoing
allo-HSCT, Enterococcus has been identified as a key driver of domination events, occurring
in 36% to 65% of patients [9,19,21-24]. On the higher end of the spectrum of reported
Enterococcus domination is a 65% domination prevalence reported in a study including
1325 patients with 9049 stool specimens [21]. In this study, the genus Enterococcus was the
most commonly observed to dominate the microbiota in patients from the four different
participating centers [21]. On the lower end of the spectrum is a 36% Enterococcus domina-
tion prevalence occurring in a study including 98 patients with 681 stool specimens [24]. In
this study, the median time between transplant date and first stool sample with Enterococcus
domination was 22 days (IQR 6.75-84.25) [24]. It is important to note, however, that each of
these studies used distinct sampling time points, which may hinder an accurate comparison
across studies [9,19,21-24]. Also, antibiotic use, a known disruptor of intestinal domination,
was not collected across all centers and, therefore, excluded from this analysis. This repre-
sents a key limitation, as center-specific antibiotic practices (e.g., levofloxacin prophylaxis;
see Supplementary Table S5) may explain the low Enterococcus prevalence identified in
our study. Nevertheless, compared to these studies, our findings suggest that Enterococcus
may not be a key genus driving intestinal domination in Brazilian patients. Therefore,
future studies should investigate which other genera are driving intestinal domination in
this cohort.

Our findings identified that important genera driving intestinal domination in Brazil-
ian patients are Bacteroides, Akkermansia, Phascolarctobacterium, and Escherichia-Shigella. In
our cohort, these four genera were responsible for most of the domination events. While
Bacteroides and Akkermansia have been reported as dominant genera in prior studies, the
high frequency of Phascolarctobacterium and Escherichia-Shigella domination is not well
demonstrated in the prior literature [9,19-24]. The dynamics of intestinal domination was
evaluated in 100 patients with 603 stool specimens [19]. This study demonstrated an inter-
esting compositional shift [19]. While Bacteroides was the most common dominant genus
before conditioning, at the time of engraftment, intestinal domination occurred predomi-
nantly due to pathogenic genera such as Enterococcus, Klebsiella and Escherichia-Shigella [19].
In another study including 98 patients undergoing allo-HSCT, 681 stool specimens were
analyzed [24]. The most frequent genera responsible for intestinal domination, in decreas-
ing order, were as follows: (1) Streptococcus (42%), (2) Enterococcus (36%), and (3) Bacteroides
(38%) [24]. Other important dominant genera reported in this study were Akkermansia,
Blautia and Lactobacillus, each of which was associated with intestinal domination in approx-
imately 28% of patients. A similar profile was also identified in another study including
94 patients with 439 stool specimens [23]. In this study, Enterococcus was the most frequent
dominating genus (40%), followed by Streptococcus (37%) [23]. When compared to these
previous studies, our findings suggest that Brazilian patients undergoing allo-HSCT may
exhibit a unique intestinal domination fingerprint.

This unique intestinal domination fingerprint likely reflects a combination of factors
that modulate the intestinal microbiota during allo-HSCT. First, it may be partly explained
by distinct dietary habits in Brazilian patients (e.g., high intake of fiber, cereals, rice and
yogurt) [19,32,33]. High fiber consumption, for instance, has been associated with greater
intestinal microbial diversity and increased production of SCFAs [33]. Conversely, un-
healthy dietary patterns characterized by high sugar or fat intake have been linked to shifts
in microbial composition and decreased intestinal diversity [34]. Second, this fingerprint
may result from center-specific antibiotic practices and distinct Enterococcus resistance and
colonization profiles observed across countries [22,23,35]. Finally, the persistence of Bac-
teroides domination (a common feature in healthy individuals) during allo-HSCT, may also
suggest a more resilient microbiota in our cohort [24,33,36,37]. Microbiota resilience refers
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to the ability of the microbial community to rapidly return to its original state despite major
perturbations that may occur during allo-HSCT (e.g., antibiotic exposure, conditioning
regimens, infections, or dietary changes) [33,34]. This hypothesis is further supported
by our longitudinal analysis of intestinal diversity over the allo-HSCT, which showed no
significant differences between baseline and post-allo-HSCT samples (see Figure 1). There-
fore, multiple factors may contribute to this distinctive intestinal domination fingerprint
observed in Brazilian patients, and future studies incorporating detailed dietary, antibiotic,
and functional experiments assessing microbiota resilience are warranted.

Whether this intestinal domination fingerprint identified in our analysis has prognos-
tic significance was the next question we tried to answer in this study. In our attempt to
evaluate the prognostic significance, we evaluated overall survival and aGvHD, which
are key clinical outcomes that have been linked with Enferococcus domination [20,21,23,24].
For example, in the aforementioned study including 1,325 patients undergoing allo-HSCT,
Enterococcus domination was associated with an approximately two-fold decrease in overall
survival (HR 1.97; 95% CI 1.45-2.66; p < 0.001) [21]. This finding remained significant
in a multivariate analysis adjusted for graft source, age, conditioning intensity, gender,
and underlying disease (HR 2.06; 95% CI 1.50-2.82; p < 0.0001) [21]. In this same study,
Enterococcus domination was also significantly associated with GvHD severity in both uni-
variate (HR 1.44; 95% CI 1.10-1.88; p < 0.01) and multivariate (HR 1.32; 95% CI 1.00-1.75;
p < 0.05) analyses [21]. It is worth noting that few studies in the literature have specif-
ically analyzed the clinical implications of intestinal domination by some of the genera
identified in our cohort. Bacteroides and Akkermansia domination, for example, was not
significantly associated with overall survival (p = 0.08 and p = 0.14) in a prior study with
98 patients [24]. This is further corroborated by our findings, demonstrating that intestinal
domination by Bacteroides, Akkermansia, Phascolarctobacterium and Escherichia-Shigella may
not impact clinical outcomes. Thus, our findings suggest that the prognostic significance
of intestinal domination may vary according to the dominant genera and the population
being evaluated.

Although evidence directly addressing the prognostic impact of domination by these
genera is lacking, prior studies have reported associations between their relative abun-
dances and key clinical outcomes during allo-HSCT [4,24,38-40]. Some of these genera
have been associated with aGvHD, overall survival, and relapse-free survival [36—40]. In a
previous allo-HSCT study including 71 patients, the relative abundance of Bacteroides was
significantly lower in patients with aGvHD compared to those without (p < 0.05) [38]. In
that same study, higher Bacteroides abundance was also associated with a reduced incidence
of aGvHD (p = 0.0043), and improved aGvHD-free/relapse-free survival (p = 0.021) [38].
In another study including 37 patients with aGvHD, significantly higher abundances of
Escherichia—Shigella and Enterococcus were observed compared to healthy controls. Addi-
tionally, patients with steroid-refractory aGvHD showed significantly reduced Bacteroides
abundance compared to steroid-responsive patients (p = 0.007). Decreased Akkerman-
sia abundance was also associated with aGvHD in another study including 150 patients
(p < 0.05) [4]. Although less explored in the allo-HSCT context, prior studies have high-
lighted Phascolarctobacterium as a key genus associated with diseases such as diabetes
through SCFA production [41-43]. In our analysis, although Phascolarctobacterium was
significantly associated with aGvHD in the univariate analysis, this association did not
remain significant in the multivariate model. Taken together, these studies suggest that
the genera identified in our cohort may have prognostic relevance when evaluated as
continuous measures of relative abundance. The lack of significant associations in our
analysis may reflect (1) limited statistical power, and (2) the inherent loss of information
caused by categorizing continuous microbial abundances into binary domination events.
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Therefore, future large prospective studies are needed to validate these findings and to
strengthen the evidence surrounding the prognostic significance of this unique fingerprint.

Given the potential prognostic significance of intestinal domination, the final planned
analysis was to identify predictors of intestinal domination in our cohort. Our findings
demonstrated that no patient-level characteristics, including age, sex, underlying disease,
conditioning regimen, or stem cell source, could reliably predict intestinal domination,
although antibiotic use (a known microbiota disruptor) was not collected and therefore
could not be evaluated. This finding is partially supported by previous studies [22,23]. With
the aim to identify predictors of Streptococcus domination, a prior study with 94 patients
evaluated the following variables: age, sex, underlying diagnosis, prior antibiotic use,
conditioning regimen intensity, T-cell depleted graft, stem cell source, and fever [23]. In
this analysis, none of the evaluated variables reliably predicted Streptococcus domina-
tion [23]. However, in this same study, Enterococcus domination was increased three-fold
in patients receiving metronidazole (HR 3.38; 95% CI 1.65-6.73; p = 0.01) and in patients
with acute leukemia (HR 3.22; 95% CI 1.60-6.94; p = 0.01) [23]. Similar findings were
reported by another study with 46 patients undergoing allo-HSCT [22]. Among seven
potential predictors (age, sex, donor source, graft type, conditioning regimen intensity, and
TBI-containing regimen), only acute leukemia was associated with Enterococcus domination
(HR 2.48; 95% CI11.13-5.45; p = 0.024) [22]. When combined with our findings, these data
suggest that patient-level variables may not be reliable predictors of intestinal domination.
Additionally, they suggest that predictors of intestinal domination may vary depending
on the specific genus involved. Given the prognostic significance associated with some of
these dominant genera, future studies evaluating other potential predictors are warranted.

The primary strength of this study is its comprehensive approach to evaluating the
dynamics, predictors, and clinical implications of intestinal domination in Brazilian patients
undergoing allo-HSCT. Nevertheless, our study presents some limitations. First, although
we had pre-specified time points for stool sample collection, many patients were unable
to provide samples at later stages, which significantly reduced the number of samples at
D+90 and D+180. These relatively small sample sizes limit our ability to draw definitive
conclusions regarding late post-transplantation microbial dynamics and to determine the
prognostic significance of this unique domination fingerprint. Additionally, we did not
collect stool samples over the engraftment period (defined as the first day of absolute
neutrophil count > 500/ uL for 3 consecutive days, typically occurring between D+7 and
D+21), which has been analyzed by prior studies [9,19-24]. This period is associated with
peak microbiota dysbiosis and Enterococcus expansion. Therefore, the lack of samples
over this period hinders an accurate comparison with other studies. Furthermore, due to
data collection limitations in some centers, we were unable to evaluate: (1) the impact of
intestinal domination in bloodstream infections, and (2) the role of antibiotics as a predic-
tor of intestinal domination. Additionally, given the relatively small number of samples,
analyses exploring clinical correlates of concurrent domination or stratified analyses were
not performed. Also, all participating centers in our study were located within a single
Brazilian state (Sao Paulo), which may limit the generalizability of our findings. Finally,
our study does not provide mechanistic interpretations. Notwithstanding these limita-
tions, our study is an important milestone in defining the dynamics and implications of
intestinal domination events in Brazilian patients undergoing allo-HSCT, identifying a
unique domination fingerprint that establishes important preliminary observations for
future mechanistic investigations.
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5. Conclusions

In a cohort of Brazilian patients undergoing allo-HSCT, we identified a unique intesti-
nal domination fingerprint characterized by an extremely low prevalence of Enterococcus
expansion. Although intestinal domination was a prevalent dysbiosis feature occurring
in 78.2% of patients, our findings showed that intestinal domination by Bacteroides, Akker-
mansia, Phascolarctobacterium, and Escherichia-Shigella was not significantly associated with
overall survival and aGvHD incidence. This pattern contrasts with international cohorts, in
which Enterococcus often predominates and correlates with adverse outcomes, suggesting
that the prognostic significance of intestinal domination during allo-HSCT may differ
according to population-specific factors such as antibiotic practices and diet. These find-
ings highlight the importance of considering geographic and environmental context when
interpreting microbiota—outcome associations and support the need for future multi-center
studies to elucidate the factors driving these distinct domination fingerprints.
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analysis to identify the optimal cutoff value for defining intestinal domination in relation to overall
survival. Supplementary Methods—Predictors of Intestinal Domination [22,23,44].

Author Contributions: All authors contributed significantly to the development of this study and
manuscript. G.L.V.d.O. and A.S.F]. conceived the study. G.L.V.d.O., A.S.E]. and W.Y.H. developed the
study protocol with input from D.A.N.A,, L.d.S.S.,,LD.M.,N.L.S,, RM.C,, ].VPE, 1C, GM.N.B, PS.
and N.J.A.C. W.Y.H. developed the statistical analysis with input from G.L.V.d.O., AS.E].,, D.AN.A.,
L.dsSS., LDM, N.LS, RM.C, J.VPE, LC, GMN.B, PS. and N.J.A.C. G.L.V.d.O. gathered funding
for this project. All authors contributed to project administration. All authors contributed to data
interpretation. A.S.E]. wrote the first full manuscript draft. All authors contributed to the manuscript
and critically reviewed. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the Sao Paulo Research Foundation (FAPESP), process
numbers #2022/12989-6 (Research grant for G.L.V.d.O.); #2023/08142-0 (Fellowship for A.S.E].),
#2024/02936-8 (Fellowship for D.A.N.A.), #2023 /12271-0 (Fellowship for N.L.S.); by the Brazilian Na-
tional Council for Scientific and Technological Development (CNPq), process number #313190/2021-6
(Fellowship for G.L.V.d.O.), and by the Coordenagao de Aperfeicoamento de Pessoal de Nivel
Superior—Brasil (CAPES)—Finance Code 001. The content in this manuscript is solely the responsi-
bility of the authors and does not in any way represent the official views of the funders.

Institutional Review Board Statement: This study was approved by the Research Ethics Committee
from Sao Paulo State University (Process number 5.138.190/2021) and conducted according to the
guidelines of the Declaration of Helsinki.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The metadata from this study have been submitted to the NCBI
Sequence Read Archive (BioProject PRINA1357096).

Acknowledgments: During the preparation of this manuscript, the author(s) used ChatGPT (version
5.1) solely for grammatical corrections (e.g., subject-verb agreement, punctuation) and improvement
sentence clarity. No scientific content, data interpretation, or study design elements were generated
or modified using Al All authors have reviewed and edited the final manuscript to ensure accuracy.


https://www.mdpi.com/article/10.3390/jcm14238351/s1
https://www.mdpi.com/article/10.3390/jcm14238351/s1

J. Clin. Med. 2025, 14, 8351 16 of 18

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Hill, G.R,; Betts, B.C.; Tkachev, V.; Kean, L.S.; Blazar, B.R. Current Concepts and Advances in Graft-Versus-Host Disease
Immunology. Annu. Rev. Immunol. 2021, 39, 19-49. [CrossRef]

Ferrara, ].L.; Levine, J.E.; Reddy, P.; Holler, E. Graft-versus-Host Disease. Lancet 2009, 373, 1550-1561. [CrossRef] [PubMed]
Jagasia, M.; Arora, M.; Flowers, M.E.D.; Chao, N.J.; McCarthy, P.L.; Cutler, C.S.; Urbano-Ispizua, A.; Pavletic, S.Z.; Haagenson,
M.D.; Zhang, M.-].; et al. Risk Factors for Acute GVHD and Survival after Hematopoietic Cell Transplantation. Blood 2012, 119,
296-307. [CrossRef] [PubMed]

Ilett, E.E.; Jorgensen, M.; Noguera-Julian, M.; Nergaard, J.C.; Daugaard, G.; Helleberg, M.; Paredes, R.; Murray, D.D.; Lundgren, J.;
MacPherson, C.; et al. Associations of the Gut Microbiome and Clinical Factors with Acute GVHD in Allogeneic HSCT Recipients.
Blood Adv. 2020, 4, 5797-5809. [CrossRef]

Nesher, L.; Rolston, K.V.I. Febrile Neutropenia in Transplant Recipients. In Principles and Practice of Transplant Infectious Diseases;
Safdar, A., Ed.; Springer: New York, NY, USA, 2019; pp. 185-198, ISBN 978-1-4939-9032-0.

Barrett, A.J.; Battiwalla, M. Relapse after Allogeneic Stem Cell Transplantation. Expert. Rev. Hematol. 2010, 3, 429-441. [CrossRef]
Wang, S.; Yue, X.; Zhou, H.; Chen, X.; Chen, H.; Hu, L.; Pan, W.; Zhao, X.; Xiao, H. The Association of Intestinal Microbiota
Diversity and Outcomes of Allogeneic Hematopoietic Cell Transplantation: A Systematic Review and Meta-Analysis. Ann.
Hematol. 2023, 102, 3555-3566. [CrossRef]

Staffas, A.; Burgos da Silva, M.; van den Brink, M.R.M. The Intestinal Microbiota in Allogeneic Hematopoietic Cell Transplant
and Graft-versus-Host Disease. Blood 2017, 129, 927-933. [CrossRef]

Peled, ]J.U.; Gomes, A.L.C.; Devlin, S.M.; Littmann, E.R.; Taur, Y.; Sung, A.D.; Weber, D.; Hashimoto, D.; Slingerland, A.E,;
Slingerland, J.B.; et al. Microbiota as Predictor of Mortality in Allogeneic Hematopoietic-Cell Transplantation. N. Engl. ]. Med.
2020, 382, 822-834. [CrossRef]

Li, Z.; Xiong, W.; Liang, Z.; Wang, J.; Zeng, Z.; Kotat, D.; Li, X.; Zhou, D.; Xu, X.; Zhao, L. Critical Role of the Gut Microbiota in
Immune Responses and Cancer Immunotherapy. J. Hematol. Oncol. 2024, 17, 33. [CrossRef]

Masetti, R.; Leardini, D.; Muratore, E.; Fabbrini, M.; D’Amico, F.; Zama, D.; Baccelli, F.; Gottardi, F.; Belotti, T.; Ussowicz, M.; et al.
Gut Microbiota Diversity before Allogeneic Hematopoietic Stem Cell Transplantation as a Predictor of Mortality in Children.
Blood 2023, 142, 1387-1398. [CrossRef]

Mancini, N.; Greco, R.; Pasciuta, R.; Barbanti, M.C.; Pini, G.; Morrow, O.B.; Morelli, M.; Vago, L.; Clementi, N.; Giglio, F; et al.
Enteric Microbiome Markers as Early Predictors of Clinical Outcome in Allogeneic Hematopoietic Stem Cell Transplant: Results
of a Prospective Study in Adult Patients. Open Forum Infect. Dis. 2017, 4, 0ofx215. [CrossRef] [PubMed]

Taur, Y.; Jeng, R.R,; Perales, M.-A; Littmann, E.R.; Morjaria, S.; Ling, L.; No, D.; Gobourne, A.; Viale, A.; Dahi, P.B.; et al. The
Effects of Intestinal Tract Bacterial Diversity on Mortality Following Allogeneic Hematopoietic Stem Cell Transplantation. Blood
2014, 124, 1174-1182. [CrossRef] [PubMed]

Payen, M.; Nicolis, I.; Robin, M.; Michonneau, D.; Delannoye, J.; Mayeur, C.; Kapel, N.; Bercot, B.; Butel, M.-].; Le Goff, ].; et al.
Functional and Phylogenetic Alterations in Gut Microbiome Are Linked to Graft-versus-Host Disease Severity. Blood Adv. 2020, 4,
1824-1832. [CrossRef] [PubMed]

Golob, J.L.; Pergam, S.A; Srinivasan, S.; Fiedler, T.L.; Liu, C.; Garcia, K.; Mielcarek, M.; Ko, D.; Aker, S.; Marquis, S.; et al. Stool
Microbiota at Neutrophil Recovery Is Predictive for Severe Acute Graft vs. Host Disease After Hematopoietic Cell Transplantation.
Clin. Infect. Dis. 2017, 65, 1984-1991. [CrossRef]

Haak, B.W,; Littmann, E.R.; Chaubard, J.-L.; Pickard, A.J.; Fontana, E.; Adhi, F; Gyaltshen, Y.; Ling, L.; Morjaria, S.M.;
Peled, ].U,; et al. Impact of Gut Colonization with Butyrate Producing Microbiota on Respiratory Viral Infection Following
Allo-HCT. Blood 2018, 132, 2978-2986. [CrossRef]

Jeng, RR;; Taur, Y.; Devlin, S.M.; Ponce, D.M.; Goldberg, ].D.; Ahr, K.E; Littmann, E.R.; Ling, L.; Gobourne, A.C.; Miller, L.C.; et al.
Intestinal Blautia Is Associated with Reduced Death from Graft-versus-Host Disease. Biol. Blood Marrow Transplant. 2015, 21,
1373-1383. [CrossRef]

Meedt, E.; Hiergeist, A.; Gessner, A.; Dettmer, K.; Liebisch, G.; Ghimire, S.; Poeck, H.; Edinger, M.; Wolff, D.; Herr, W.; et al.
Prolonged Suppression of Butyrate-Producing Bacteria Is Associated with Acute Gastrointestinal Graft-vs.-Host Disease and
Transplantation-Related Mortality After Allogeneic Stem Cell Transplantation. Clin. Infect. Dis. 2022, 74, 614—-621. [CrossRef]
Gu, Z; Xiong, Q.; Wang, L.; Wang, L.; Li, F; Hou, C.; Dou, L.; Zhu, B.; Liu, D. The Impact of Intestinal Microbiota in Antithymocyte
Globulin-Based Myeloablative Allogeneic Hematopoietic Cell Transplantation. Cancer 2022, 128, 1402-1410. [CrossRef]
Chhabra, S.; Szabo, A.; Clurman, A.; McShane, K.; Waters, N.; Eastwood, D.; Samanas, L.; Fei, T.; Armijo, G.; Abedin, S.; et al.
Mitigation of Gastrointestinal Graft-versus-Host Disease with Tocilizumab Prophylaxis Is Accompanied by Preservation of
Microbial Diversity and Attenuation of Enterococcal Domination. Haematologica 2022, 108, 250-256. [CrossRef]


https://doi.org/10.1146/annurev-immunol-102119-073227
https://doi.org/10.1016/S0140-6736(09)60237-3
https://www.ncbi.nlm.nih.gov/pubmed/19282026
https://doi.org/10.1182/blood-2011-06-364265
https://www.ncbi.nlm.nih.gov/pubmed/22010102
https://doi.org/10.1182/bloodadvances.2020002677
https://doi.org/10.1586/ehm.10.32
https://doi.org/10.1007/s00277-023-05460-7
https://doi.org/10.1182/blood-2016-09-691394
https://doi.org/10.1056/NEJMoa1900623
https://doi.org/10.1186/s13045-024-01541-w
https://doi.org/10.1182/blood.2023020026
https://doi.org/10.1093/ofid/ofx215
https://www.ncbi.nlm.nih.gov/pubmed/29226172
https://doi.org/10.1182/blood-2014-02-554725
https://www.ncbi.nlm.nih.gov/pubmed/24939656
https://doi.org/10.1182/bloodadvances.2020001531
https://www.ncbi.nlm.nih.gov/pubmed/32353108
https://doi.org/10.1093/cid/cix699
https://doi.org/10.1182/blood-2018-01-828996
https://doi.org/10.1016/j.bbmt.2015.04.016
https://doi.org/10.1093/cid/ciab500
https://doi.org/10.1002/cncr.34091
https://doi.org/10.3324/haematol.2022.281309

J. Clin. Med. 2025, 14, 8351 17 of 18

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Stein-Thoeringer, C.K.; Nichols, K.B.; Lazrak, A.; Docampo, M.D.; Slingerland, A.E.; Slingerland, J.B.; Clurman, A.G.; Armijo, G.;
Gomes, A.L.C.; Shono, Y.; et al. Lactose Drives Enterococcus Expansion to Promote Graft-versus-Host Disease. Sciernce 2019, 366,
1143-1149. [CrossRef]

Fujimoto, K.; Hayashi, T.; Yamamoto, M.; Sato, N.; Shimohigoshi, M.; Miyaoka, D.; Yokota, C.; Watanabe, M.; Hisaki, Y,;
Kamei, Y,; et al. An Enterococcal Phage-Derived Enzyme Suppresses Graft-versus-Host Disease. Nature 2024, 632, 174-18]1.
[CrossRef] [PubMed]

Taur, Y.; Xavier, ].B.; Lipuma, L.; Ubeda, C.; Goldberg, J.; Gobourne, A.; Lee, Y.J.; Dubin, K.A.; Socci, N.D.; Viale, A.; et al. Intestinal
Domination and the Risk of Bacteremia in Patients Undergoing Allogeneic Hematopoietic Stem Cell Transplantation. Clin. Infect.
Dis. 2012, 55, 905-914. [CrossRef] [PubMed]

Messina, J.A.; Tan, C.Y.; Ren, Y.; Hill, L.; Bush, A.; Lew, M.; Andermann, T.; Peled, ].U.; Gomes, A.; Van Den Brink, M.R.M.; et al.
Enterococcus Intestinal Domination Is Associated with Increased Mortality in the Acute Leukemia Chemotherapy Population.
Clin. Infect. Dis. 2024, 78, 414-422. [CrossRef] [PubMed]

Martin, M. Cutadapt Removes Adapter Sequences from High-Throughput Sequencing Reads. EMBnet |. 2011, 17, 10. [CrossRef]
Callahan, B.J.; McMurdie, PJ.; Rosen, M.].; Han, A.W,; Johnson, A.J.A.; Holmes, S.P. DADA2: High-Resolution Sample Inference
from Illumina Amplicon Data. Nat. Methods 2016, 13, 581-583. [CrossRef]

Bokulich, N.A ; Kaehler, B.D.; Rideout, ].R.; Dillon, M.; Bolyen, E.; Knight, R.; Huttley, G.A.; Gregory Caporaso, J. Optimizing
Taxonomic Classification of Marker-Gene Amplicon Sequences with QIIME 2’s Q2-Feature-Classifier Plugin. Microbiome 2018, 6,
90. [CrossRef]

Bolyen, E.; Rideout, J.R.; Dillon, M.R.; Bokulich, N.A.; Abnet, C.C.; Al-Ghalith, G.A.; Alexander, H.; Alm, E.J.; Arumugam, M.;
Asnicar, F; et al. Reproducible, Interactive, Scalable and Extensible Microbiome Data Science Using QIIME 2. Nat. Biotechnol.
2019, 37, 852-857. [CrossRef]

Kusakabe, S.; Fukushima, K.; Yokota, T.; Hino, A.; Fujita, J.; Motooka, D.; Nakamura, S.; Shibayama, H.; Kanakura, Y. Enterococcus:
A Predictor of Ravaged Microbiota and Poor Prognosis after Allogeneic Hematopoietic Stem Cell Transplantation. Biol. Blood
Marrow Transplant. 2020, 26, 1028-1033. [CrossRef]

Harris, A.C.; Young, R.; Devine, S.; Hogan, W.J.; Ayuk, E; Bunworasate, U.; Chanswangphuwana, C.; Efebera, Y.A.; Holler, E,;
Litzow, M.; et al. International, Multicenter Standardization of Acute Graft-versus-Host Disease Clinical Data Collection: A
Report from the Mount Sinai Acute GVHD International Consortium. Biol. Blood Marrow Transplant. 2016, 22, 4-10. [CrossRef]
Hsieh, FY.; Lavori, PW. Sample-Size Calculations for the Cox Proportional Hazards Regression Model with Nonbinary Covariates.
Control Clin. Trials 2000, 21, 552-560. [CrossRef]

Alvares-da-Silva, M.R.; Oliveira, C.P; Fagan, A.; Longo, L.; Thoen, R.U.; Yoshimura Zitelli, PM.; Tanaka Ferreira, R.M.;
Mcgeorge, S.; Shamsaddini, A.; Farias, A.Q.; et al. Interaction of Microbiome, Diet, and Hospitalizations Between Brazilian and
American Patients with Cirrhosis. Clin. Gastroenterol. Hepatol. 2022, 20, 930-940. [CrossRef]

Dogra, S.K.; Doré, J.; Damak, S. Gut Microbiota Resilience: Definition, Link to Health and Strategies for Intervention. Front.
Microbiol. 2020, 11, 572921. [CrossRef]

Safarchi, A.; Al-Qadami, G.; Tran, C.D.; Conlon, M. Understanding Dysbiosis and Resilience in the Human Gut Microbiome:
Biomarkers, Interventions, and Challenges. Front. Microbiol. 2025, 16, 1559521. [CrossRef]

Tresoldi, A.T.; Cardoso, L.G.O.; Castilho, G.V.; Dantas, S.R.P.E.; Von Nowakonski, A.; Pereira, R.M.; Trabasso, P. Low Prevalence
of Vancomycin Resistant Enterococci Colonization in Intensive Care Patients in a Brazilian Teaching Hospital. Braz. ]. Infect. Dis.
2006, 10, 239-241. [CrossRef]

MetaHIT Consortium (additional members); Arumugam, M.; Raes, J.; Pelletier, E.; Le Paslier, D.; Yamada, T.; Mende, D.R;;
Fernandes, G.R.; Tap, J.; Bruls, T; et al. Enterotypes of the Human Gut Microbiome. Nature 2011, 473, 174-180. [CrossRef]
Huttenhower, G.; Gevers, D.; Knight, R.; Abubucker, S.; Hallsworth-Pepin, P.; Madupu, R.; Magrini, V.; Mitrev, M.; Versalovig, J.;
Zeng, O; et al. The Human Microbiome Project Consortium Structure, Function and Diversity of the Healthy Human Microbiome.
Nature 2012, 486, 207-214. [CrossRef]

Li, P; Lei, Q.; Yu, X.; Shen, Y.; Chen, Y.; Hou, C.; Hu, B.; Cui, Y,; Liu, Z.; Qin, Y.; et al. Commensal Bacteroides T6SS Alleviate
GI-aGVHD via Mediating Gut Microbiota Composition and Bile Acids Metabolism. Gut 2025, 74, 334565. [CrossRef] [PubMed]
Hayase, E.; Hayase, T.; Mukherjee, A.; Stinson, S.C.; Jamal, M.A.; Ortega, M.R.; Sanchez, C.A.; Ahmed, S.S.; Karmouch, J.L.;
Chang, C.-C; et al. Bacteroides Ovatus Alleviates Dysbiotic Microbiota-Induced Graft-versus-Host Disease. Cell Host Microbe
2024, 32, 1621-1636.e6. [CrossRef] [PubMed]

Sofi, M.H.; Wu, Y.; Ticer, T.; Schutt, S.; Bastian, D.; Choi, H.-J.; Tian, L.; Mealer, C.; Liu, C.; Westwater, C.; et al. A Single Strain of
Bacteroides Fragilis Protects Gut Integrity and Reduces GVHD. JCI Insight 2021, 6, €136841. [CrossRef]

Facchin, S.; Calgaro, M.; Savarino, E.V. Rethinking Short-Chain Fatty Acids: A Closer Look at Propionate in Inflammation,
Metabolism, and Mucosal Homeostasis. Cells 2025, 14, 1130. [CrossRef]

Watanabe, Y.; Nagai, F.; Morotomi, M. Characterization of Phascolarctobacterium succinatutens Sp. Nov., an Asaccharolytic,
Succinate-Utilizing Bacterium Isolated from Human Feces. Appl. Env. Microbiol. 2012, 78, 511-518. [CrossRef]


https://doi.org/10.1126/science.aax3760
https://doi.org/10.1038/s41586-024-07667-8
https://www.ncbi.nlm.nih.gov/pubmed/38987594
https://doi.org/10.1093/cid/cis580
https://www.ncbi.nlm.nih.gov/pubmed/22718773
https://doi.org/10.1093/cid/ciab1043
https://www.ncbi.nlm.nih.gov/pubmed/34928341
https://doi.org/10.14806/ej.17.1.200
https://doi.org/10.1038/nmeth.3869
https://doi.org/10.1186/s40168-018-0470-z
https://doi.org/10.1038/s41587-019-0209-9
https://doi.org/10.1016/j.bbmt.2020.01.019
https://doi.org/10.1016/j.bbmt.2015.09.001
https://doi.org/10.1016/S0197-2456(00)00104-5
https://doi.org/10.1016/j.cgh.2021.03.045
https://doi.org/10.3389/fmicb.2020.572921
https://doi.org/10.3389/fmicb.2025.1559521
https://doi.org/10.1590/S1413-86702006000400004
https://doi.org/10.1038/nature09944
https://doi.org/10.1038/nature11234
https://doi.org/10.1136/gutjnl-2024-334565
https://www.ncbi.nlm.nih.gov/pubmed/40441865
https://doi.org/10.1016/j.chom.2024.08.004
https://www.ncbi.nlm.nih.gov/pubmed/39214085
https://doi.org/10.1172/jci.insight.136841
https://doi.org/10.3390/cells14151130
https://doi.org/10.1128/AEM.06035-11

J. Clin. Med. 2025, 14, 8351 18 of 18

43. Li, W, Li, L; Yang, F; Hu, Q.; Xiong, D. Correlation between Gut Bacteria Phascolarctobacterium and Exogenous Metabolite
a-Linolenic Acid in T2DM: A Case-Control Study. Ann. Transl. Med. 2022, 10, 1056. [CrossRef]

44. Bacigalupo, A.; Ballen, K.; Rizzo, D.; Giralt, S.; Lazarus, H.; Ho, V.; Apperley, ].E; Slavin, S.; Pasquini, M.C.; Sandmaier, B.M.; et al.
Defining the intensity of conditioning regimens: Working definitions. Biol. Blood Marrow Transplant. 2009, 15, 1628-1633.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.21037/atm-22-3967
https://doi.org/10.1016/j.bbmt.2009.07.004

	Introduction 
	Patients, Material and Methods 
	Study Design, Ethical Aspects and Sample Collections 
	Intestinal Microbiota 16S Sequencing and Bioinformatics Pipeline 
	Statistical Analysis 

	Results 
	Diversity Metrics and Prevalence of Intestinal Domination 
	Patient Characteristics by Intestinal Domination Status 
	Analysis of Clinical Outcomes 
	Predictors of Intestinal Domination 

	Discussion 
	Conclusions 
	References

