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ABSTRACT

Hematopoietic stem cell transplantation (HSCT) is a complex procedure used to treat several 
onco-hematological neoplasms, benign hematological diseases, and some types of solid tu-
mors. In recent years, the role of the gut microbiota in HSCT has been studied, revealing that 
the microbiota has a direct interaction with the immune system and the microbial balance 
within the body (eubiosis), providing beneficial health effects, and changes in such state 
result in dysbiosis, which has been associated with several pathological states. The process 
in which the patient undergoes HSCT can cause microbiota imbalance with reduced diversi-
ty, which would be related to negative post-HSCT outcomes, including increased mortality 
and development of graft-versus-host disease (GVHD). The modulation of the gut microbiota 
through methods such as the use of probiotics has been explored as an alternative for the 
recovery and/or maintenance of the gut microbiota.
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INTRODUCTION
Hematopoietic stem cell transplantation (HSCT) 
is a complex procedure used to treat several on-
co-hematological neoplasms, benign hematological 
diseases, and some types of solid tumors. The con-
ditioning step for HSCT consists of chemotherapy, 
with or without radiotherapy, with the objective of 
immunosuppression and eradication or reduction of 
the disease. Subsequently, an intravenous infusion 
of hematopoietic progenitor cells is performed, to 
restore the patient’s bone marrow function1,2.

The cells used for HSCT can be from the patient (au-
tologous HSCT) or from a donor, who can be relat-
ed or unrelated (allogeneic HSCT). In this last type 
of transplant, graft-versus-host disease (GVHD) can 
occur, which results from an alloreactivity reaction 

of the graft’s lymphocytes against the histocompat-
ibility antigens of the host, which is one of the main 
causes of post-transplant morbidity and mortality3.

In recent years, the role of the gut microbiota in 
HSCT and its outcomes has been studied. The re-
lationship between the microbiota and the patho-
genesis of GVHD was suggested many years ago af-
ter a study with germ-free mice4. It should be noted 
that GVHD occurs very frequently in the gastroin-
testinal tract (GIT), one of the main sites of bacterial 
colonization.

The gut microbiota can be considered as a virtu-
al and metabolic organ5, comprising an ecosystem 
formed by microorganisms synergistically adjusted 
to human physiology. It performs essential functions 
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for the organism as a physical, functional, and immu-
nological barrier of the GIT6,7.

The microbiota interacts directly with the immune 
system, and the intestinal defense barrier is com-
posed of the microbiota, the mucosal barrier, and 
the gut-associated lymphoid tissue (GALT), the latter 
being responsible for communication of T and B lym-
phocytes with cells from other tissues and produc-
tion of immunoglobulin A8.

The balance state of the microbiota (eubiosis) pro-
motes beneficial health effects, and changes in such 
state result in dysbiosis9. The process to which the 
patient undergoes HSCT can cause an imbalance of 
the microbiota10, since, in addition to chemothera-
py and radiotherapy, which cause gastrointestinal 
toxicity effects, there may be a breakdown of the 
epithelial barrier with consequent bacterial translo-
cation, in many cases influenced by the prophylactic 
or therapeutic use of broad-spectrum antibiotics11.

Holler et al. demonstrated that, at the time of ad-
mission for transplantation, patients have a pre-
dominance of commensal bacteria while, after 
transplantation, there is a tendency for an increase 
in Enterococcus, whose prominence is facilitated by 
the use of prophylactic antibiotics or in the treatment 
of febrile neutropenia and, in particular, among pa-
tients who develop GIT GVHD12.

The decrease in gut microbiota diversity at the time 
of grafting appears to have a strong relationship 
with mortality10. Thus, the assessment of microbiota 
diversity through methods such as next generation 
16S rRNA gene sequencing13, with the purpose of 
taxonomic and phylogenetic assessment and, later, 
interventions with the aim of preserving the micro-
biota, such as the use of probiotics, could help re-
duce morbidity and mortality in HSCT patients.

According to the National Consensus on Oncology 
Nutrition in Brazil, the use of probiotics for neutrope-
nic patients is not indicated14. However, studies us-
ing some types of probiotics have shown that their 
use can be safe in HSCT15,16.

According to the World Health Organization (WHO), 
probiotics can be defined as “live microorganisms ca-
pable of improving the intestinal microbial balance, 
producing beneficial effects on the health of the in-
dividual.” Some of the main benefits are increased 
immune defense with activation of T lymphocytes, 
NK cell activity, and acting on inflammatory media-
tors with a decrease in pro-inflammatory cytokines 
(interleukins 12, 6, and 4) and an increase in interleu-

kin 10, which has anti-inflammatory action17.

Evidence shows that, in healthy individuals, the use 
of probiotics can, in addition to improving the im-
mune response, help with bowel movements and 
stool consistency. Thus, they act against the colo-
nization and translocation of pathogenic microor-
ganisms and could also help to reduce the risk of 
antibiotic resistance. And, although colonization by 
probiotics may not occur upon their use, the passage 
of the probiotic through the intestine seems to be 
sufficient to reduce colonies of pathogenic bacteria 
due to reduced adhesion and competitive nature17.

The bacteria most used as probiotics and with the 
most widely known effects are Lactobacilli and Bi-
fidobacteria, and they are also the most tested in the 
context of HSCT, as seen in an experimental study 
with animals, in which the consumption of Lacto-
bacillus rhamnosus GG, before and after transplan-
tation, was evaluated. The use of such probiotic im-
proved the survival of the animals and reduced the 
incidence of acute GVHD19. This same lactobacillus 
was used in a sample of allogeneic HSCT patients at 
the time of grafting and showed no effect on the se-
verity or incidence of GVHD16. However, more stud-
ies are needed regarding the use of probiotics in 
such patients, with different moments of use, dose, 
and strains.

NORMAL GUT MICROBIOTA AND CHANGES IN HSCT
The human gut microbiota contains several mi-
croorganisms that colonize the surfaces of the GIT 
with diverse composition throughout the digestive 
tract19. In healthy individuals, the composition of 
the microbiota is relatively stable, with six phyla of 
bacteria dominating the microbiota: Firmicutes, Pro-
teobacteria, Bacteroidetes, Fusobacteria, Actinobac-
teria, and Verrucomicrobia. Among them, there is a 
predominance of Gram-positive Firmicutes followed 
by Gram-negative Bacterioidetes 20,21.

There are already known factors related to changes 
in the gut microbiota, considering its malleability 
and/or fragility in the face of environmental and diet 
changes, which are the use of antibiotics, geograph-
ic location, pathologies, lifestyle, fiber supply, aging, 
type of delivery, among others 6,19,21,22.

The microbiota performs essential functions for the 
human organism such as nutrients digestion, pro-
tection against pathogens, and interaction with the 
immune system, as well as production of metabo-
lites23,24,25. For some time, it has been considered a 
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virtual and metabolic organ5 that, in general, will act 
as a physical, functional, and immunological barrier 
of the gastrointestinal tract26. Therefore, understand-
ing that the alteration of the microbiota balance 
state, in which eubiosis can become dysbiosis, a 
state of unbalance that can result in the loss of bene-
ficial health effects and the initiation of a potentially 
pathological state, is essential 9.

Several studies show that there is a decrease in micro-
biota diversity in HSCT12,27-31 with losses of beneficial 
bacteria such as Faecalibacterium and Ruminococ-
cus28. In the study by Montassier et al. with Non-Hod-
gkin Lymphoma patients admitted for HSCT, it was 
seen that there was a significant decrease in Firmic-
utes and Actinobacteria and an increase in Proteo-
bacteria after conditioning 32.

One of the causes for the loss of diversity may be the 
chemotherapy used in conditioning, which has sev-
eral effects on the patient, including GIT mucositis, 
which leads to alteration of intestinal villi and loss of 
enterocytes. The inflammatory process could partly 
explain changes in the taxonomic composition and 
metabolic capacity of the gut microbiota32.

In addition to chemotherapy, the use of antibiotics 
required during the transplantation process also 
affects the gut microbiota27,29,33,34 although different 
types of antibiotics have different impacts on the di-
versity of the microbiota35.

A study with a large cohort of patients showed that 
early antibiotic treatment in transplant patients is 
associated with significant changes in the microbi-
ota34. Such study found a lower overall survival and 
a higher transplant-related mortality in patients who 
started using antibiotics earlier than in those who 
started after transplantation, and the lowest trans-
plant-related mortality was found in the group that 
did not receive additional antibiotics34. Such data are 
in line with the idea that changes in the microbiota 
are related to worse outcomes for these patients.

Other studies have also shown that changes and loss 
of diversity may be related to negative outcomes af-
ter HSCT, such as increased mortality10, decrease in 
survival36, pulmonary complications37, and bacte-
remia related to the predominance of certain types 
of bacteria in this context 27, 38. In addition, there is a 
relationship to decrease in overall survival 10, which 
may be influenced by the colonization of the gut mi-
crobiota by antibiotic-resistant bacteria 39,40.

There also seems to be a relationship between gut 
microbiota composition and post-transplant re-

lapse/progression, as seen in a study that found a 
lower cumulative incidence of progression/relapse 
in patients with an abundance of a group of bac-
teria composed mostly of Eubacterium limosum, 
when compared to a group that did not have such 
bacteria 41.

On the other hand, a study published in 2017 ana-
lyzed the composition of the preconditioning gut 
microbiota and found no differences in outcomes 
such as mortality and post-transplant survival 
among groups with low, moderate, or high diversity. 
However, it did find differences in the composition 
of the microbiota of those who had GVHD, when 
compared to those who did not 42. Similarly, anoth-
er study that analyzed pre-transplant stool samples 
found that there seems to be less diversity in the mi-
crobiota of those patients who developed bactere-
mia when compared to those who did not 43, which 
suggests the importance of eubiosis pre-transplant.

Another important aspect regarding the gut microbi-
ota is the production of short-chain fatty acids (SCFA), 
which can also be compromised in HSCT 28,44. SCFA 
can be produced from bacterial fermentation of car-
bohydrates in the intestine and serve as a source of 
energy, have anti-inflammatory action, and stimu-
late the production of some hormones, among other 
important functions for the host’s health.

In the study by Biagi et al., it was found from stool 
samples from post-HSCT patients, who developed 
acute GVHD, that there is a decrease of about 76% in 
the production of SCFA post-transplantation28. More-
over, it appears to take about two months post HSCT 
to recover the microbiota ecosystem and its meta-
bolic capacity28. In some cases, dysbiosis remains up 
to one year post-transplantation 45.

There are already ways to assess the “health” of the 
gut microbiota, through biomarkers such as urinary 
3-indoxyl sulfate (3-IS). 3-IS is a product of tryptophan 
degradation by commensal bacteria that inhabit the 
intestine and appears to be a predictor of intestinal 
GVHD10,46. Furthermore, low levels of 3-IS up to 10 
days post-HSCT are associated with higher HSCT-re-
lated mortality and worse overall survival, with high 
levels of 3-IS being correlated with Clostridiales while 
low levels are associated with the Bacilli class 47.

As for the strategies that could help in the mainte-
nance or recovery of the microbiota during trans-
plantation, studies suggest the rational use of antibi-
otics, as well as the possibility of fecal transplantation 
and use of probiotics 29,35,44,48-50. 
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MICROBIOTA AND GVHD
There seem to be differences in the composition and 
diversity of the microbiota of patients who develop 
GVHD when compared to those who do not28,51,52, 
and GVHD may be related to the loss of the protec-
tive effect of commensal bacteria10,12.

One of the possible mechanisms for the alteration 
of the microbiota in GVHD is via Paneth cells. These 
cells, located in the intestine, which have a regula-
tory function through the expression of alpha-de-
fensins, which result in the death of non-commensal 
bacteria and preservation of commensal bacte-
ria, seem to be the target of GVHD53. The damage 
caused to Paneth cells would lead to the reduction 
of alpha-defensins, altering the normal intestinal en-
vironment53,54, making such cells another focus for 
approaches to preserve or recover the microbiota55. 
It is known that the intestinal expression of several 
antimicrobial peptides is reduced in the presence of 
acute GIT GVHD and is associated with dysbiosis56.

With the microbiota in dysbiosis, there is a growth 
in pathogenic bacteria such as the Enterococcus spp. 
And, consequently, a higher risk of bacteremia 10,12. 
In the presence of GIT GVHD, there appears to be an 
even greater risk of bacteremia caused by enteric 
bacteria57. In addition, a study showed a higher in-
cidence of transplant-related mortality in patients 
with acute GI GVHD who developed blood infection 
by enteric bacteria58. Relatively recent studies have 
indicated that the diversity of the gut microbiota 
during the grafting period is associated with acute 
GVHD59,60.

A study with pediatric patients found in the 
pre-transplant analysis that patients who did not 
develop GVHD had a greater abundance of propi-
onate-producing Bacteroidetes (a SCFA), that were 
persistent after HSCT-induced microbiota changes 
28. In a study with adult patients, the pre-transplanta-
tion analysis of those who had GVHD had significant-
ly greater abundance of the Firmicutes phylum and 
a lower tendency for Bacteroidetes when compared 
to those who did not have GVHD 42. Studies also sug-
gest the influence of the donor’s microbiota on the 
development of GVHD 59,61.

An animal model study showed that, in the acute 
phase of intestinal GVHD, there is a shift in favor of 
bacteria from the most pro-inflammatory species, 
the Enterobacteriaceae family, while there is a de-
crease in Lactobacilli, Clostridia, Bifidobacteria, and 
Bacillus spp., indicating that, in acute intestinal in-

flammation, there is an alteration in the intestinal 
flora, as well as a decrease in its diversity 62.

In humans, an association of bacterial microbiota di-
versity with the development of GVHD in pediatric 
patients has already been found63, with GVHD-re-
lated mortality in adult patients64. Also, the gen-
der Blautia would be associated with the develop-
ment of GVHD when in small quantity63, with lower 
GVHD-related lethality and better overall survival 
when in abundance64.

Regarding genetic aspects, the fucosyltransferase-2 
(FUT2) gene, which regulates the expression of the 
H antigen, was evaluated in HSCT patients for its 
relationship with the gut microbiota, since the ABH 
antigens in the mucosa serve as a source of energy 
for the bacteria and adhesion receptors for many mi-
crobes. FUT2 genotype seems to influence the risk 
for bacteremia and GVHD in such patients. However, 
the authors emphasize that there are several other 
factors that influence the diversity of the microbiota 
and can interfere with post-HSCT outcomes, such as 
the use of antibiotics65 previously mentioned.

The use of antibiotics that target intestinal bacteria 
as prophylaxis in HSCT has already been associated 
with the severity of acute GVHD of GIT organs and 
liver, as well as impacted on overall survival in a ret-
rospective study with 500 patients66. In this same 
study, the incidence of GIT GVHD was twice as high 
in the group that received antibiotics compared to 
those that did not66.

Differences in the activity spectrum of antibiotics 
could influence the frequency and severity of GVHD, 
and the use of antibiotics that preserve anaerobic 
commensal bacteria could reduce the risk and in-
cidence of GVHD67,68. However, there may be differ-
ences in antibiotic use and between populations 
in terms of microbiota, since, in a study with Japa-
nese patients undergoing allogeneic HSCT, the use 
of fourth generation cephalosporins was associated 
with the development of GVHD, while piperacycline 
tazobactam was not69, a result that is different from 
the one found in a sample of American patients67. In 
addition, use of carbapenem for more than seven 
days has also been associated with risk of intestinal 
GVHD70.

Routy et al. point out that, in addition to the epi-
thelial damage caused by conditioning, the use of 
prophylactic antibiotics or in episodes of febrile neu-
tropenia, fasting and the use of parenteral nutrition 
also influence the change in the composition and di-
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versity of the microbiota66. The stimulus for oral and 
enteral ingestion, as well as the use of less intense 
conditioning, when possible, could help in the pres-
ervation of bacteria that seem to be favorable, such 
as those of the genus Blautia, as discussed by Jenq et 
al. in their paper published in 201564.

PROBIOTICS AND HSCT
The use of probiotics has already been shown to be 
beneficial in several clinical situations, such as in the 
prevention and treatment of diarrhea associated 
with the use of antibiotics, inflammatory bowel dis-
eases, and Clostridium difficile infection. Its use seems 
to favor the intestinal-related immune response. But 
the safe use of probiotics in immunosuppressed pa-
tients is still uncertain.

Cases of negative events in post-HSCT patients re-
lated to microorganisms that are used as probiotics 
are described in the literature. There is a case report 
of meningitis in a pediatric patient with acute lym-
phoblastic leukemia after allogeneic transplantation 
whose microorganism was identified as Lactobacillus 
rhamnosus. In such case, there was no known probi-
otic consumption. However, the authors are aware 
that the use of some antibiotics and the presence of 
such microorganisms as part of the normal microbi-
ota may be related to the development of infections 
in these patients, even if there is no consumption of 
the probiotic itself 71.

On the other hand, there are cases of sepsis in HSCT 
patients directly associated with the consumption 
of probiotic yogurts with Lactobacillus acidophilus 72 
and Lactobacillus rhamnosus73. However, in both cas-
es the patients consumed the probiotic post-trans-
plantation, in large amounts in the first case (6-8 
units of yogurt daily) and at times of severe neutro-
penia, in addition to being two isolated case reports.

However, infections by microorganisms that are 
used as probiotics seem to be less frequent in HSCT 
patients74. A retrospective study with a cohort of 
3796 patients evaluated episodes of bacteremia/
sepsis caused by Lactobacillus, Bifidobacterium, 
Streptococcus thermophiles, and Saccharomyces in up 
to one year post-transplantation, without evaluating 
whether there was consumption of probiotics, and 
found only 0.5% of cases, most of them in allogene-

ic HSCT patients (71%) caused by Lactobacillus and 
within the first 100 days post-transplant.

The safety of using probiotics in such patients, as can 
be seen, is still controversial. In this sense, Ladas et 
al. carried out a pilot study to verify the safety and 
viability of the probiotic Lactobacillus plantarum in 
children and teenagers undergoing allogeneic HSCT 
from D-7 or D-8 to D+14, and found that there were 
no adverse effects related to the use of the probiotic, 
suggesting that this probiotic would be safe to use 
for these patients15.

But an observational study published in 2012 evalu-
ated nutritional habits of patients before transplan-
tation and found a negative correlation between 
yogurt intake and episodes of febrile neutropenia 75.

Regarding the relationship between the use of pro-
biotics and GVHD, this review found a randomized 
clinical trial that used Lactobacillus rhamnosus GG 
in capsules at the time of grafting and followed the 
development of GVHD in such patients. This study 
showed that the use of the probiotic was safe, but 
there was no difference in the incidence or degree of 
GVHD, nor evidence of significant changes in micro-
biota diversity 76.

Therefore, we can conclude that there is a need for 
further studies to understand how changes in the 
microbiota can interfere with the host’s health and 
alter the development of GVHD 77, in addition to the 
importance of testing other probiotics in different 
moments of transplantation, since there are still no 
validated methods or approaches for the effective 
preservation of the microbiota 78.

However, there is a lot of evidence, including ge-
nomic ones, that demonstrate the predictive role of 
the gut microbiota as a biomarker for GVHD, in addi-
tion to the significant relationship with other nega-
tive outcomes in the presence of dysbiosis. Thus, the 
modulation of the gut microbiota through methods 
such as the use of prebiotics, adequate use of anti-
biotics, fecal microbiota transplantation when appli-
cable, and the use of probiotics are still controversial 
approaches, whose possible positive results deserve 
to be explored due to the potential for improvement 
in post-HSCT results and due to their relationship 
with the development of GVHD46,79-83.  



73 JBMTCT. 2022;3(2)

JOURNAL OF BONE MARROW TRANSPLANTATION AND CELLULAR THERAPY  JBMTCT

REFERENCES
1. Duncombe A. ABC of clinical haematology. Bone 

marrow and stem cell transplantation. BMJ, 
1997;314(7088):1179-82.

2. Thomas ED. A History of Bone Marrow Trans-
plantation. In: Blume, K.G.; Forman, SJ, Appel-
baum, FR, eds. Thomas’ Hematopoietic Cell 
Transplantation. 3rded. Malden: Blackwell Pub-
lishing 2004.

3. Instituto Nacional de Câncer José Alencar Gomes 
da Silva. Ministério da Saúde, Brasil. Tópicos em 
transplante de células-tronco hematopoiéti-
cas [Internet].  Rio de Janeiro, 2012; [cited 2019 
april]. Available from:<bvsms.saude.gov.br/bvs/
publicacoes/inca/topicos_transplantes.pdf>.

4. Jones M, Wilson R, Bealmear PM. Mortality and 
Gross Pathology of Secondary Disease in Germ-
free Mouse Radiation Chimeras. Radiation Re-
search, 1971;45(3):577-88.

5. Evans JM, Morris LS, Marchesi JR. The gut mi-
crobiome: the role of a virtual organ in the 
endocrinology of the host. J Endocrinol, 
2013;218(3):R37-47.

6. Eckburg PB, Bik EM, Bernstein, CN, et al. Diversity 
of the Human Intestinal Microbial Flora. Science, 
2005; 308(5728):1635–8.

7. Turnbaugh PJ, Ley RE, Hamady M, et al. The 
human microbiome project. Nature, 2007; 
449(7164):804-10.

8. Gonçalves, JL; Yaochite, JNU, Queiroz, CAA, 
Câmara, CC, Oriá, RB. Bases do sistema imun-
ológico associado à mucosa intestinal. In: Oriá, 
RB, Brito, GAC; org. Sistema Digestório Inte-
gração Básico-Clínica. Blucher, 2016; 370-388.

9. Lee, YK, Mazmanian, SK. Has the microbio-
ta played a critical role in the evolution of 
the adaptive immune system? Science, 2010; 
330(6012):1768-73. 

10. Taur, Y, Jenq, RR, Perales, MA, Littman, ER, Mor-
jaria, S, Ling, L, et al. The effects of intestinal tract 
bacterial diversity on mortality following allo-
geneic hematopoietic stem cell transplantation. 
BLOOD, 2014; 124(7):1174-82.

11. Peled, JU, Jenq, RR, Holler, E, Van Den Brink, 
MRM. Role of gut flora after bone marrow trans-
plantation. Nat Microbiol, 2016 Mar 29;1:16036.

12. Holler, E, Butzhammer, P, Schmid, K, Hunds-
rucker, C, Koestler, J, Peter, K, et al. Metagenomic 
analysis of the stool microbiome in patients re-
ceiving allogeneic stem cell transplantation: loss 
of diversity is associated with use of systemic an-
tibiotics and more pronounced in gastrointesti-
nal graft-versus-host disease. Biol Blood Marrow 
Transplant, 2014; 20(5):640-5. Epub 2014 Jan 31.

13. Koh, AY. Potential for Monitoring Gut Microbi-
ota for Diagnosing Infections and Graft-versus-
Host Disease in Cancer and Stem Cell Transplant 
Patients. Clin Chem, 2017; 63(11):1685–94.

14. BRASIL. Ministério da Saúde. Instituto Nacional 
de Câncer José Alencar Gomes da Silva. Consen-
so nacional de nutrição oncológica [Internet]. 
Rio de Janeiro, 2015 [cited 2019 april]. Available 
from:<http://bvsms.saude.gov.br/bvs/controle_
cancer>. 

15. Ladas, EJ, Bhatia, M, Chen, L, Sandler, E, Petro-
vic, A, Berman, DM, et al. The safety and feasi-
bility of probiotics in children and adolescents 
undergoing hematopoietic cell transplantation. 
Bone Marrow Transplantation, 2016; 51(2):262–
6. Epub 2015 Nov 16.   

16. Gorshein, E, Wei, C, Ambrosy, S, Budney, S, Vi-
vas, J, Shenkerman, A, et al. Lactobacillus rham-
nosus GG probiotic enteric regimen does not 
appreciably alter the gut microbiome or provide 
protection against GVHD after allogeneic he-
matopoietic stem cell transplantation. Clinical 
Transplantation, 2017: 31(5). Epub 2017 Mar 31.

17. Khalesi, S, Bellissimo, N, Vandelanotte, C, Wil-
liams, S, Stanley, D, Irwin, C. A review of probi-
otic supplementation in healthy adults: helpful 
or hype? European Journal of Clinical Nutrition, 
2019; 73(1):24–37. Epub 2018 Mar 26.

18. Gerbitz, A, Schultz, M, Wilke, A, Linde, HJ, Schol-
merich, J, Andreesen, R, et al. Probiotic effects 
on experimental graft-versus-host disease: let 
them eat yogurt. BLOOD, 2004;03(11):4365-67.

19. Savage, DC. Microbial ecology of the gastrointes-
tinal tract. Annu Rev Microbiol. 1977;31:107-33. 

20. Bull MJ, Plummer NT. Part 1: The Human Gut 
Microbiome in Health and Disease. Integr Med 
(Encinitas). 2014 Dec;13(6):17-22.

21. Rinninella E, Raoul P, Cintoni M, Franceschi 
F, Miggiano GAD, Gasbarrini A, et al. What is 



 JBMTCT. 2022;3(2)

JOURNAL OF BONE MARROW TRANSPLANTATION AND CELLULAR THERAPY  JBMTCT

74

the Healthy Gut Microbiota Composition? A 
Changing Ecosystem across Age, Environment, 
Diet, and Diseases. Microorganisms. 2019 Jan 
10;7(1):14. 

22. Aron-Wisnewsky J, Clément K. The gut mi-
crobiome, diet, and links to cardiometabolic 
and chronic disorders. Nat Rev Nephrol, 2016 
Mar;12(3):169-81. Epub 2015 Nov 30

23. Gentile CL, Weir TL. The gut microbiota at the 
intersection of diet and human health. Science, 
2018 Nov 16;362(6416):776-780. 

24. Glowacki RWP, Martens EC. In sickness and 
health: Effects of gut microbial metabolites 
on human physiology. Plos Pathog, 2020 Apr 
9;16(4):e1008370. 

25. García-Montero C, Fraile-Martínez O, Gó-
mez-Lahoz AM, Pekarek L, Castellanos AJ, 
Noguerales-Fraguas F, et al. Nutritional Compo-
nents in Western Diet Versus Mediterranean Diet 
at the Gut Microbiota-Immune System Interplay. 
Implications for Health and Disease. Nutrients, 
2021 Feb 22;13(2):699. 

26. Weis M. Impact of the gut microbiome in car-
diovascular and autoimmune diseases. Clin Sci 
(Lond), 2018 Nov 19;132(22):2387-89. 

27. Taur, Y, Xavier, JB, Lipuma, L, Ubeda, C, Gold-
berg, Gobourne, A, et al. Intestinal Domination 
and the Risk of Bacteremia in Patients Undergo-
ing Allogeneic Hematopoietic Stem Cell Trans-
plantation. Clin Infect Dis, 2012; 55(7):905-14.

28. Biagi E, Zama, D, Nastasi, C, Consolandi, C, 
Fiori, J, Rampelli, S, et al. Gut microbiota trajec-
tory in pediatric patients undergoing hema-
topoietic SCT. Bone Marrow Transplantation, 
2015;50(7):992–98. Epub 2015 Apr 20.

29. Kaysen, A, Heintz-Buschart, A, Muller, EEL, 
Narayanasamy, S, Wampach, L, et al. Integrated 
meta-omic analyses of the gastrointestinal tract 
microbiome in patients undergoing allogeneic 
hematopoietic stem cell transplantation. Trans-
lational Research, 2017; 186:79-94.e1. Epub 
2017 Jun 20.

30. Lähteenmäki, K, Wacklin, P, Taskinen, M, Tuovin-
en, E, Lohim O, Partanen, J, et al. Haematopoi-
etic stem cell transplantation induces severe 
dysbiosis in intestinal microbiota of paediatric 
ALL patients. Bone Marrow Transplantation, 
2017;52(10):1479–82.

31. Bekker, V, Zwittink, RD, Knetsch, CW, Sanders, 
IMJG, Berghuis, D, Heidt, PJ, et al. Dynamics of the 
Gut Microbiota in Children Receiving Selective 
or Total Gut Decontamination Treatment during 
Hematopoietic Stem Cell Transplantation. Biol 
Blood Marrow Transplant., 2019; 25(6):1164-71. 
Epub 2019 Feb 5.

32. Montassier, E, Gastinne, T, Vangay, P, Al-Gha-
lith, GA, Bruley des Varannes, S, Massart, S, et al. 
Chemotherapy-driven dysbiosis in the intesti-
nal microbiome. Aliment Pharmacol Ther, 2015; 
42(5):515–28. Epub 2015 Jul 6.

33. Weber, D, Oefner, PJ, Dettmer, K, Hiergeist, A, 
Koestler, J, Gessner, A, et al. Rifaximin preserves 
intestinal microbiota balance in patients under-
going allogeneic stem cell transplantation. Bone 
Marrow Transplantation, 2016; 51(8):1087-92. 
Epub 2016 Mar 21.

34. Weber, D, Jenq, RR, Peled, JU, Taur, Y, Hiergeist, 
A, Koestler, J, et al. Microbiota disruption in-
duced by early use of broad-spectrum antibi-
otics is an independent risk factor of outcome 
after allogeneic stem cell transplantation. Biol 
Blood Marrow Transplant, 2017; 23(5):845–52. 
Epub 2017 Feb 14.

35. Weber, D, Hiergeist, A, Weber, M, Dettmer, K, 
Wolff, D, Hahn, J, et al. Detrimental Effect of 
Broad-spectrum Antibiotics on Intestinal Mi-
crobiome Diversity in Patients After Allogeneic 
Stem Cell Transplantation: Lack of Commensal 
Sparing Antibiotics. Clinical Infectious Diseases, 
2019; 68(8):1303–10.

36. Kusakabe, S, Fukushima, K, Maeda, T, Motooka, 
D, Nakamura, S, Fujita, J, et al. Pre and post-se-
rial metagenomic analysis of gut microbiota as 
a prognostic factor in patients undergoing hae-
matopoietic stem cell transplantation. Br J Hae-
matol, 2020; 188(3):438–49. Epub 2019 Sep 30.

37. Harris, B, Morjaria, SM, Littmann, ER, Geyer, AI, 
Stover, DE, Barker, JN, et al. Gut Microbiota Pre-
dict Pulmonary Infiltrates after Allogeneic He-
matopoietic Cell Transplantation. Am J Respir 
Crit Care Med, 2016; 194(4):450–63.

38. Kelly, MS, Ward, DV, Severyn, CJ, Arshad, M, Hes-
ton, SM, Jenkis, K,  et al. Gut Colonization Preced-
ing Mucosal Barrier Injury Bloodstream Infection 
in Pediatric Hematopoietic Stem Cell Transplan-
tation Recipients. Biol Blood Marrow Transplant, 
2019; 25(11):2274–80. Epub 2019 Jul 18.



75 JBMTCT. 2022;3(2)

JOURNAL OF BONE MARROW TRANSPLANTATION AND CELLULAR THERAPY  JBMTCT

39. Bilinski, J., Robak, K, Peric, Z, Marchel, H, Kara-
kulska-Prystupiuk, E, Halaburda, K, et al. Impact 
of Gut Colonization by Antibiotic-Resistant Bac-
teria on the Outcomes of Allogeneic Hemato-
poietic Stem Cell Transplantation: A Retrospec-
tive, Single-Center Study. Biol Blood Marrow 
Transplant, 2016;22(6):1087-93. Epub 2016 Feb 
18.

40. Sadowska-klasa, A,Piekarska, A, Prejzner, W, Bi-
eniaszewska, M, Hellmann, A. Colonization with 
multidrug-resistant bacteria increases the risk of 
complications and a fatal outcome after alloge-
neic hematopoietic cell transplantation. Annals 
of Hematology, 2018; 97(3):509–17. Epub 2017 
Dec 19.

41. Peled, JU, Devlin, SM, Staffas, A, Lumish, M, Kh-
anin, R, Littmann, ER, et al. Intestinal Microbiota 
and Relapse After Hematopoietic-Cell Trans-
plantation. J Clin Oncol, 2017;35(15):1650-59. 
Epub 2017 Mar 15.

42. Doki, N, Suyama, M, Sasajima, S, Ota, J, Igarashi, 
A, Mimura, I, et al. Clinical impact of pre-trans-
plant gut microbial diversity on outcomes of 
allogeneic hematopoietic stem cell transplan-
tation. Ann Hematol, 2017; 96:1517–23. Epub 
2017 Jul 21.

43. Montassier, E, Al-Ghalith, GA, Ward, T, Corvec, 
S, Gastinne, T, Pottel, G, et al. Pretreatment gut 
microbiome predicts chemotherapy-related 
bloodstream infection. Genome Medicine, 2016; 
8(1):49.

44. Romick-rosendale, LE, Haslam, DB, Lane, A, 
Denson, L, Lake, K, et al. Antibiotic Exposure and 
Reduced Short Chain Fatty Acid Production after 
Hematopoietic Stem Cell Transplant. Biol Blood 
Marrow Transplant, 2018; 24(12):2418-24. Epub 
2018 Jul 26.

45. Kusakabe, S, Fukushima, K, Yokota, T, Hino, A, 
Fujita, J, Motooka, D, et al. Enterococcus: A Pre-
dictor of Ravaged Microbiota and Poor Prog-
nosis after Allogeneic Hematopoietic Stem Cell 
Transplantation. Biol Blood Marrow Transplant, 
2020; 25(5):1028-33. Epub 2020 Feb 1.

46. Jenq, RR. How’s your microbiota? Let’s check 
your urine. BLOOD, 2015; 126(14):1641-42.

47. Weber, D, Oefner, PJ, Hiergeist, A, Koestler, J, 
Gessner, A, Weber, M, et al. Low urinary indoxyl 
sulfate levels early after transplantation reflect a 

disrupted microbiome and are associated with 
poor outcome. BLOOD, 2015;126(14):1723-28.

48. Wang, W, Xu, S, Ren, Z, Jiang, J, Zheng, S. Gut mi-
crobiota and allogeneic transplantation. J Transl 
Med, 2015; 13(275).

49. Shono, Y, Van den brink, MRM. Gut microbiota in-
jury in allogeneic haematopoietic stem cell trans-
plantation. Nat Rev Cancer, 2018; 18(5):283-95.

50. Chong, PP, Koh, AY. The gut microbiota in trans-
plant patients. Blood Reviews, 2020; 39:100614. 
Epub 2019 Aug 29.

51. Han, L, Jin, H, Zhou, L, Fan, Z, Dai, M, Lin, Q, et al. 
Intestinal Microbiota at engraftment influence 
acute graft-Versus-host Disease via the Treg/
Th17 Balance in allo-hsct recipients. Front Im-
munol, 2018; 9:669.

52. Han, L, Zhao, K, Li, Y, Han, H, Zhou, L, Ma, P, et 
al. A gut microbiota score predicting acute graft-
versus-host disease following myeloablative al-
logeneic hematopoietic stem cell transplanta-
tion. Am J Transplant, 2020; 20(4):1014-27. Epub 
2019 Dec 12.

53. Eriguchi, Y, Takashima, S, Oka, H, Shimoji, S, Na-
kamura, K, Uryu, H, et al. Graft-versus-host dis-
ease disrupts intestinal microbial ecology by in-
hibiting Paneth cell production of alfa-defensins. 
BLOOD, 2012;120(1):223-31. Epub 2012 Apr 24

54. Eriguchi, Y, Nakamura, K, Hashimoto, S, Shimo-
da, S, Shimono, N, Akashi, K, et al. Decreased 
secretion of Paneth cell a-defensins in graft-ver-
sus-host disease. Transplant Infectious Disease, 
2015; 17(5):702–06.

55. Hayase, E, Hashimoto, D, Nakamura, K, Noizat, 
C, Ogasawara, R, Takahashi, S,  et al. R-Spondin1 
expands Paneth cells and prevents dysbiosis in-
duced by graft-versus-host disease. J Exp Med, 
2017; 214(12):3507–18.  Epub 2017 Oct 24.

56. Weber, D, Frauenschlager, K, Ghimire, S, Peter, 
K, Panzer, I, Hiergeist, A, et al. The association 
between acute graft-versus host disease and 
antimicrobial peptide expression in the gastro-
intestinal tract after allogeneic stem cell trans-
plantation. Plosone, 2017; 12(9): e0185265.

57. Levinson, A, Pinkney, K, Jin, Z, Bhatia, M, Kung, 
AL, Foca, MD, et al. Acute Gastrointestinal Graft-
vs-Host Disease Is Associated With Increased En-
teric Bacterial Bloodstream Infection Density in 



 JBMTCT. 2022;3(2)

JOURNAL OF BONE MARROW TRANSPLANTATION AND CELLULAR THERAPY  JBMTCT

76

Pediatric Allogeneic Hematopoietic Cell Trans-
plant Recipients. Clinical Infectious Diseases, 
2015; 61(3):350–57. Epub 2015 May 5.

58. Satwani, P, Freedman, JL, Chaudhury, S, Jin, Z, 
Levinson, A, Foca, MD, et al. A Multicenter Study 
of Bacterial Blood Stream Infections in Pediatric 
Allogeneic Hematopoietic Cell Transplantation 
Recipients: The Role of Acute Gastrointestinal 
Graft-versus-Host Disease. Biol Blood Marrow 
Transplant, 2017; 23(4):642–47. Epub 2017 Jan 16.

59. Golob, JL, Pergam, SA, Srinivasan, S, Fielder, TL, 
Liu, C, Garcia, K, Mielcarek, M, et al. Stool Micro-
biota at Neutrophil Recovery Is Predictive for 
Severe Acute Graft vs Host Disease After Hema-
topoietic Cell Transplantation. Clinical Infectious 
Diseases, 2017;65(12):1984–91.

60. Han, L, Jin, H, Zhou, L, Zhang, Fan, Z, Dai, M, 
et al. Intestinal Microbiota at engraftment in-
fluence acute graft-Versus-host Disease via the 
Treg/Th17 Balance in allo-hsct recipients. Front 
Immunol., 2018; 9:669.

61. Liu, C, Frank, DN, Horch, M, Chau, S, Ir, D, Horch, 
EA, et al. Associations between acute gastroin-
testinal gvhd and the baseline gut microbiota of 
allogeneic hematopoietic stem cell transplant 
recipients and donors. Bone Marrow Transplan-
tation, 2017; 52(12):1643–50. Epub 2017 Oct 2.

62. Heimesaat, MM, Nogai, A, Bereswill, S, Plickert, 
R, Fischer, A. Loddenkemper, C, et al. Myd88/
TLR9 mediated immunopathology and gut mi-
crobiota dynamics in a novel murine model of 
intestinal graft-versus-host disease. Gut, 2010; 
59(8):1079-87.

63. Biagi, E, Zama, D, Rampelli, S, Turroni, S, Brigi-
di, P, Consolandi, C, et al. Early gut microbiota 
signature of agvhd in children given allogeneic 
hematopoietic cell transplantation for hema-
tological disorders. BMC Medical Genomics, 
2019;12(1):49.         

64. Jenq, RR. How’s your microbiota? Let’s check 
your urine. BLOOD., 2015; 126(14):1641-42.

65. Rayes, A, Morrow, AL, Payton, LR, Lake, KE, Lane, 
A, Davies, SM. A Genetic Modifier of the Gut 
Microbiome Influences the Risk of Graft-ver-
sus-Host Disease and Bacteremia After Hema-
topoietic Stem Cell Transplantation. Biol Blood 
Marrow Transplant., 2016; 22(3):418–22. Epub 
2015 Nov 28.

66. Routy, B, Letendre, C, Enot, D, Chenard-Poirier, 
M, Mehraj, V, Seguin, NC, et al. The influence of 
gut-decontamination prophylactic antibiotics 
on acute graft-versus host disease and survival 
following allogeneic hematopoietic stem cell 
transplantation. Oncoimmunology, 2016; 6(1): 
e1258506.

67. Shono, Y, Docampo, MD, Peled, JU, Perobelli, 
SM, Velardi, E, Tsai, JJ, et al. Increased GVHD-re-
lated mortality with broad-spectrum antibiotic 
use after allogeneic hematopoietic stem cell 
transplantation in human patients and mice. Sci 
Transl Med, 2016; 8(339):339ra71. 

68. Lee, SE, Lim, J, Ryu, D, Kim, TW, Park, SS, Jeon Y. 
et al. Alteration of the Intestinal Microbiota by 
Broad-Spectrum Antibiotic Use Correlates with 
the Occurrence of Intestinal Graft-versus-Host 
Disease. Biol Blood Marrow Transplant, 2019; 
25(10):1933–43. Epub 2019 Jun 10.

69. Nishi, K, Kanda, J, Hishizawa, M, Kitano, T, Kon-
do, T, Yamashita, K, et al. Impact of the Use and 
Type of Antibiotics on Acute Graft-versus-Host 
Disease. Biol Blood Marrow Transplant, 2018; 
24(11):2178-83. Epub 2018 Jul 3.

70. Hidaka, D, Hayase, E, Shiratori, S, Hasegawa, Y, 
Ishio, T, Tateno, T, et al. The association between 
the incidence of intestinal graft-v s- host disease 
and antibiotic use after allogeneic hematopoi-
etic stem cell transplantation. Clinical Transplan-
tation, 2018; 32(9):e13361.  Epub 2018 Aug 13

71. Robin, F, Paillard, C, Marchandin, H, Demeocq, F, 
Bonnet, R, Hennequin, C. Lactobacillus rhamno-
sus Meningitis following Recurrent Episodes of 
Bacteremia in a Child Undergoing Allogeneic He-
matopoietic Stem Cell Transplantation. Journal of 
clinical microbiology, 2010;48(11):4317–19.

72. Mehta, A, Rangarajan, S, Borate, U. A caution-
ary tale for probiotic use in hematopoietic SCT 
patients– Lactobacillus acidophilus sepsis in a 
patient with mantle cell lymphoma undergoing 
hematopoietic SCT. Bone Marrow Transplanta-
tion, 2013;48(3):461–62. Epub 2012 Aug 13.

73. Koyama, S, Fujita, H, Shimosato, T, Kamijo, A, 
Ishiyama, Y, Yamamoto, E, et al. Septicemia from 
Lactobacillus rhamnosus GG, from a Probiotic 
Enriched Yogurt, in a Patient with Autologous 
Stem Cell Transplantation. Probiotics Antimi-
crob Proteins, 2019;11(1):295-98.



77 JBMTCT. 2022;3(2)

JOURNAL OF BONE MARROW TRANSPLANTATION AND CELLULAR THERAPY  JBMTCT

74. Cohen, SA, Woodfield, MC, Boyle, N, Stednick, 
Z, Boeckh, M, Pergam, SA. Incidence and out-
comes of bloodstream infections among hema-
topoietic cell transplant recipients from species 
commonly reported to be in over-the-count-
er probiotic formulations. Transpl Infect Dis, 
2016;18(5):699–05. Epub 2016 Sep 21.

75. Tavil, B, Koksal, E, Yalsin, SS, Uckan, D. Pretrans-
plant Nutritional Habits and Clinical Outcome in 
Children Undergoing Hematopoietic Stem Cell 
Transplant. Experimental and Clinical Transplan-
tation, 2012;10(1):55-61.

76. Gorshein, E, Wei, C, Ambrosy, S, Budney, S, Vi-
vas, j, Shenkerman, A, et al. Lactobacillus rham-
nosus GG probiotic enteric regimen does not 
appreciably alter the gut microbiome or provide 
protection against GVHD after allogeneic he-
matopoietic stem cell transplantation. Clinical 
Transplantation, 2017; 31(5). Epub 2017 Mar 31

77. Andermann, TM, Peled, JU, Ho, C, Reddy, P, Rich-
es, M, Storb, R, et al. The Microbiome and He-
matopoietic Cell Transplantation: Past, Present, 
and Future. Biol Blood Marrow Transplant, 2018; 
24(7):1322-40. Epub 2018 Feb 19.

78. Gavriilaki M, Sakellari I, Anagnostopoulos A, 
Gavriilaki E. The Impact of Antibiotic-Mediated 
Modification of the Intestinal Microbiome on 

Outcomes of Allogeneic Hematopoietic Cell 
Transplantation: Systematic Review and Me-
ta-Analysis. Biol Blood Marrow Transplant, 2020 
Sep;26(9):1738-46. Epub 2020 May 21.

79. Chen, Y, Zhao, Y, Cheng, Q, Wu, D, Liu, H. The 
Role of Intestinal Microbiota in Acute Graft-ver-
sus-Host Disease. Journal of Immunology Re-
search, 2015; 2015:145859. Epub 2015 May 18. 

80. Docampo, MD, Auletta, JJ, Jenq, RR. Emerging 
Influence of the Intestinal Microbiota during 
Allogeneic Hematopoietic Cell Transplantation: 
Control the Gut and the Body Will Follow. Biol 
Blood Marrow Transplant, 2015; 21(8):1360-66. 
Epub 2015 Feb 21.

81. Koh, AY. The microbiome in hematopoietic stem 
cell transplant recipients and cancer patients: 
Opportunities for clinical advances that reduce 
infection. Plos Pathog, 2017; 13(6) : e1006342.

82. Noor, F, Kaysen, A, Wilmes, P, Schneider, JG. The 
Gut Microbiota and Hematopoietic Stem Cell 
Transplantation: Challenges and Potentials. J 
Innate Immun, 2019; 11(5): 405-15, 2019. Epub 
2018 Oct 4.

83. Köhler N., Zeiser, R. Intestinal Microbiota In-
fluence Immune Tolerance Post Allogeneic He-
matopoietic Cell Transplantation and Intestinal 
GVHD. Front Immunol, 2019; 9:3179.


