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Abstract: Organ transplantation is often the only effective treatment for patients with end-stage diseases, such as
heart, liver, kidney and small bowel failure and is carried out frequently worldwide. Still the post-transplantation
complications remain health- and life-threatening outcome that needed to be resolved. With the rapid develop-
ment of molecular technologies in recent years, more and more researchers realize that the gut microbiota may
play a critical role in human diseases. The intestinal microbiome has been proved to provide a lot of functions
to the host, such as digesting food, modulating metabolism, promoting angiogenesis and regulating the immune
system. Several studies have investigated the alteration of intestinal microbiota in post-transplantation patients
and observed significant changes in the intestinal microbiome compared to the pre-transplant condition. Due to
the abovementioned features that the gut microbiota may be used in the prognosis of clinical outcome of organ
transplantation. In addition, the FMT (fecal microbiota transplantation), probiotics and prebiotics as the newest
therapy methods, effectiveness of which has been verified in some diseases, such as Clostridium difficile infection,
inflammatory bowel disease and other chronic disorders, might be used as the prognosis tool in organ transplanta-
tion as well. The purpose of this present review is to elucidate the relationship between gut microbiota and organ
transplantation as well as the potential use of new therapies like fecal microbiota transplantation, probiotic and
prebiotic administration after the transplantation, and provide some ideas for future researches in field of organ
transplantation.

Keywords: Organ transplantation, gut microbiota, complication, prognosis, fecal microbiota transplantation, probi-
otic, prebiotic

Introduction Firmicutes and Bacteroidetes phyla and bac-
teria such as Actinobacteria, Proteobacteria,

Numerous studies have investigated and exam- Verrucomicrobia and Fusobacteria are repre-

ined the intestinal microbiomes with the latest
molecular technologies and demonstrated that
there are more than 1000 types of microbiota
in the human gut [1], and nearly 20% of the
small molecules in human blood are products
of the microbiota [2]. Moreover, different
researches provided a new insight into the
composition and diversity of gut microbiota.
The majority of bacterial taxa belong to the

sented as well [3]. The composition of the intes-
tinal microbiota differs from person to person,
which may implicated in health and disease
[4-6]. Notably, the intestinal microbiome is
involved in many processes in a host, such as
digestion of food, modulation of metabolism,
promotion of angiogenesis and regulation of
the immune system [5, 7-10]. Additionally, the
imbalances of intestinal microbiota are associ-


http://www.ajtr.org

Gut microbiota in organ transplantation patients

Family Level

100% A
u Other
80% - u Peptostreptococcaceas
® Ruminococcaceae
60% - i I u Clostridiaceae

i Lactobacillaceae

u Enterococcaceae
40% 1

u Bifidobacteriaceae
u Streptococcaceae
20% A
u Enterobacteriaceae

u Bacteroides

0% -
non-ACR ACR

Figure 1. Different intestinal microbial compositions
in patients with and without ACR after liver transplan-
tation at the family level. ACR: acute cellular rejec-
tion, n = 38.

ated with numerous disorders, for instance,
inflammatory bowel disease [11, 12], obesity
[13, 14], diabetes [13, 15], colorectal cancer
[16, 17], cardiovascular disease [18-20], ner-
vous system disease [21-23], and so on. The
gut microbiota interacts not only with the gut
epithelium but also with distant organs and
body systems.

Organ transplantation is often the only possible
treatment for patients with end-stage diseases
[24, 25]. However, infections, rejection, graft-
versus-host disease (GVHD), relapse and other
complications after transplantation are still the
main problem needed to be resolved [26, 27].
The application of immunosuppressant drugs
after the transplantation, such as Tacrolimus,
Mycophenolate Mofetil, is the main strategy in
preventing the graft rejection. It is increased
the survival chances, but at the same time
bears the higher risk of post-transplant compli-
cations. Therefore, it is important to find new
potentially feasible therapy methods that can
attenuate the severity of post-transplant com-
plications.

Up to now, several studies have investigated
the alteration of intestinal microbiota in pati-
ents after transplantation and demonstrated a
significant change in the intestinal microbiome
compared to pre-transplantation condition [28-
33]. They observed a decrease in the baseline
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predominant organism and a loss of diversity
alongside with the emergence of a new domi-
nant bacterial population, which coupled with
an increased risk of post-transplant infection.
Additionally, gut microbiota is proved to have an
impact on distal immune response and to mod-
ulate disease in distant tissues by releasing
metabolites such as short-chain fatty acids
(SCFAs), tryptophan, phenylalanine and tyro-
sine, which have an essential role in intestinal
inflammation and host resistance [34-36].

Therefore, the aim of this review is to elucidate
the relationship between gut microbiota and
organ transplantation from previous published
outstanding publications and provide some
ideas for future researches in the field of organ
transplantation.

Current sights: intestinal microbiota and or-
gan transplantation

Liver transplantation

Liver transplantation (LT) is a life-saving option
for those patients who progress to end-stage
liver disease including liver cirrhosis results
from acute or chronic liver injury, liver carcino-
ma, primary sclerosing cholangitis, alcoholic
liver disease, and so on [37, 38]. However, the
complications after liver transplantation, such
as acute cell rejection (ACR), infection, graft-
versus-host disease (GVHD) and chronic bile
duct hyperplasia, remain the main problems of
the short-term and long-term post-operation
outcome.

The main focus of the modern studies lies on
finding the ways to prevent or diagnose the
complications early or attenuate their severity.
With the development of microbial detection
technologies, the evaluation of the relationship
between gut microbiota and allogeneic trans-
plantation has been investigated more inten-
sively. Some studies have reported the change
of gut microbial compositions after liver trans-
plantation. Kato and the colleagues [39] per-
formed a prospective study to longitudinally
analyze the alteration of microbiota diversity of
38 patients during pre- and post- of liver trans-
plantation. They found that the mean diversity
index of microbiota was significantly decreased
during the 21 days after liver transplantation
but gradually increased during the whole obser-
vation period of 2 months post-LT, and the
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change of gut microbiota diversity was associ-
ated with acute cell rejection and infection. At
the family level Bacteroides, Enterobacteriace-
ae, Streptococcaceae and Bifidobacteriaceae
were increased in patients with acute cell rejec-
tion (ACR), whereas Enterococcaceae, Lacto-
bacillaceae, Clostridiaceae, Ruminococcaceae
and Peptostreptococcaceae were increased
in none-ACR patients (Figure 1). Moreover, the
level of Staphylococcus aureus, Enterococcus
faecium, Escherichia coli, E. faecium, E. coli,
Pseudomonas aeruginosa, and E. gallinarum
were increased in patients with bloodstream
infection. These results are conform with those
from Sun [40], who analyzed the differences in
the intestinal microflora of patients between
pre-LT and post-LT showed a significant de-
crease in the abundance of Actinobacillus,
Escherichia and Shigella, and a significant in-
crease in the abundance of Micromonospo-
raceae, Desulfobacterales, the Sarcina genus
of Eubacteriaceae and Akkermansia after liver
transplantation. Additionally, Ren and his col-
leagues [41] established an orthotopic liver
transplantation (OLT) models in rats to identify
intestinal microbial profile as a biomarker for
ACR and explore its potential application. In
this excellent study, they found that the diver-
sity of microbiota and species richness of key
bacteria family, such as Firmicutes was decre-
ased during ACR, whereas the level of phylum
Bacteroidetes was significantly increased. In-
terestingly, Wu and his co-workers found that
there was a significant decrease of butyrate-
producing bacteria (e.g, Faecalibacterium pra-
usnitzii) and an increase of opportunistic patho-
gens (e.g, Enterococcus spp.) [42], which was
similar to traits in patients with diabetes, and it
is may the origin of new-onset diabetes after
liver transplantation [43, 44]. Those results
indicated that the diversity of gut microbiota
was associated with the prognosis of liver
transplantation.

Besides, other factors like malnutrition, isch-
emia-reperfusion injury and immunosuppres-
sion therapy after liver transplantation may
lead to the dysbiosis, disrupted intestinal bar-
rier, alterations in innate immunity response as
well as to bacterial translocation. It is associat-
ed with early infections, graft failure and de-
creased survival in patients [45]. Under these
pathological conditions, due to the decrease of
beneficial bacteria and the increase of patho-
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genic species, the altered gut microbiota res-
ponds to the host with higher endotoxin levels
and increased bacterial translocation. Previous
studies suggest that the intestinal microbiota
regulate liver tumorigenesis or inflammatory
reactions through altering the activity of pro-
inflammatory microorganism-associated mo-
lecular patterns, bacterial metabolites, NKT
cells-mediated bile acid metabolism and PGE,-
mediated suppression of antitumor immunity
[46-49]. However, few studies have elucidated
the mechanism of how intestinal microbiota
influence the prognosis of liver transplantation,
and the further studies are needed to investi-
gate it.

Taken together, these studies indicate that gut
microbiota plays a crucial role in the prognosis
of clinical outcomes of liver transplantation,
and might be a potential marker that predicts
acute/chronic rejection in early phase and
become an assistant therapeutic target to
improve rejection after liver transplantation in
future.

Kidney transplantation

Kidney transplantation has been widely used
as an effective therapy for the persons with
chronic kidney diseases [50]. However, im-
munological and non-immunological factors,
including genetic variation, epigenetic, pharma-
cogenetics, infection, injuries, hormones, envi-
ronment [51, 52] and gut microbiota have been
reported to be associated with increased risk
of graft failure in renal transplants, especially
the intestinal microbiota, has drawn significant
attention in the immunity of transplant, gut
microbiota may influence the dosing of im-
munosuppressant (e.g. Everolimus, Tacrolimus
and Mycophenolate Mofetil) medications [53].
Some of them indicate that the gut microbiome
may play an important role in the prognosis of
kidney transplantation outcome [54-56]. Lee
and co-workers [29] performed an excellent
study to clarify the alteration of gut microbiota
in pre- and post-kidney transplantation pa-
tients. They used the polymerase chain reac-
tion amplification of the 16S rRNA V4-V5 vari-
able region to analyze the bacterial composi-
tion of fecal specimens from 26 kidney trans-
plant recipients during the first three months of
transplantation. The results demonstrated that
the abundance of Proteobacteria at phylum
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Figure 2. Different intestinal microbial compositions in patients with kidney transplantation. A. The alteration level
of Proteobacteria after kidney transplantation, n = 5; B. The alteration level of Bacteroides in patients with or
without post-transplant diarrhea, without diarrhea, n = 9, diarrhea, n = 6; C and D. The alteration phylum level of
Bacteroidetes and order level of Lactobacillales and Enterococcus in patients with or without acute rejection, acute
rejection, n = 3, without rejection, n = 23. Pre-Tx: pre-transplantation, Post-Tx: post-transplantation, ACR: acute cel-

lular rejection.

level was significantly increased in the post-
transplantation specimens compared to pre-
transplantation specimens (Figure 2A). Using
the linear discriminant analysis effect size
(LEfSe) method, they showed that Bacteroides
as well as Ruminococcus, Coprococcus and
Dorea were significantly lower in the patients
with post-transplantation diarrhea compared to
those without diarrhea (Figure 2B). Further
they demonstrated significant differences bet-
ween the groups with and without acute rejec-
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tion (AR) with Bacteroidetes being conspicuous
lower at the phylum level in the AR group
compared to no-AR group (Figure 2C), whereas
the Lactobacillales, Enterococcus, Anaerofilum,
Clostidium tertium were higher in the AR group
at the order level (Figure 2D). They also found
that the high abundance of Enterococcus was
associated with the urinary tract infection (UTI).
Additionally, Janice and his teammates [57]
used pyrosequencing analysis of 16S rRNA
genes to investigate the intestinal microbiota in
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Figure 3. Different intestinal microbial compositions in patients with small bowel transplantation. The alteration
phylum level of Proteobacteria, family level of Enterobacteriaceae, level of Firmicutes and Lactobacillales and genus
level of Escherichia and Klebsiella in patients with or without acute rejection. ACR, acute cellular rejection.

pediatric patients with end-stage renal dis-
ease. They found that, at the family level,
Bifidobacteria showed a significant decrease in
transplant patients compared to healthy con-
trol group.

Besides, gut microbiota can also influence the
Tacrolimus dosing in kidney transplantation.
John and his co-workers [58] performed a pilot
study by used the deep sequencing of PCR
amplified 16S rRNA V4-V5 region, initial tacroli-
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mus dosing was similar in the dose escalation
group (4.2 + 1.1 mg/day) and in the stable
group (3.8 £ 0.8 mg/day). After the end of first
transplantation month, the dosing of tacrolim-
us became higher in the dose escalation group
(9.6 £ 2.4 mg/day), while became decreased in
the dose stable group (3.3 + 1.5 mg/day). They
characterized the intestinal microbiota compo-
sition and identified that fecal Faecalibacterium
prausnitzii abundance in the first week of trans-
plantation was 11.8% in the dose escalation
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group and 0.8% in the dose stable group. Thus,
intestinal microbiota can influence the dosing
of tacrolimus in the kidney transplantation.

In summary, intestinal microbiota might play a
critical role in the prognosis of renal transplan-
tation outcomes; further researches are cer-
tainly needed to investigate it.

Small bowel transplantation

Small bowel transplantation (SBT) is an effec-
tive life-preserving treatment for patients with
irreversible intestinal failure, such as intestinal
failure and complications from parenteral nutri-
tion [59, 60]. The long-term survival rates of
small bowel transplantation are not satisfied
because of severe rejection after transplanta-
tion [61, 62]. The intestinal is a unique organ
containing a high dense microbial population
that promotes the development and matura-
tion of the immune system of a host and once
the microbiota dysbiosis may results irrevers-
ible bowel disease, allergies and rheumatoid
arthritis [63, 64]. Therefore, the microbiota
may impact on the prognosis of small bowel
transplantation. Many recent studies explored
the relationship between gut microbiota and
small bowel transplantation. Oh and his co-
workers [65] enrolled 19 small bowel trans-
plantation recipients to characterize the ileal
microbiota in rejecting and non-rejecting recipi-
ents. Their findings demonstrated that the phy-
lum Proteobacteria (Figure 3A), particularly the
family Enterobacteriaceae (Figure 3B), was
strongly expanded in patients with active
rejection, whereas the commensal Firmicutes,
especially Lactobacillales was dramatically
decreased relative to non-rejecting recipients
(Figure 3C). At the genus level, abundance of
the genera Escherichia and Klebsiella was sig-
nificant expansion during the acute rejection
(Figure 3D). This finding suggests that acute
rejection is closely associated with the changes
in the ileal microbial populations in recipients in
SBT. Li and his colleagues characterized the
composition of the gut microbiota during the
chronic rejection by established a rat model
with small bowel transplantation [66]. Their
research demonstrated that the genera Bac-
teroides and Clostridium were remarkable
expansion during the chronic rejection in the
rat model, while deeply decreased of Lacto-
bacillales. Above all, those results may provide
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novel insight into the roles of the intestinal
microbiota in the pathophysiology of the trans-
planted intestine

Recently, Wood and his teammates [30] made
a point that the intestinal microbiota profile
might function as a diagnostic biomarker of
small bowel transplant rejection. In this re-
search, they observed a significant reduction in
Firmicutes from 81% to 29% during the rejec-
tion process that was due to a reduction in the
order Lactobacillales as well as to decrease
of Streptococcaceae, Enterococcaceae and
Lactobacillaceae at the family level. At the
same time, the significant rise in Proteobacteria
from 16% to 61% was associated with the
expansion of the order Enterobacteriales, fam-
ily Enterobacteriaceae. These results reveal the
crucial role that the gut microbiota might play in
the prognosis of small bowel transplantation.

Heart transplantation

Heart transplantation is a gold standard treat-
ment for patients with end-stage heart diseas-
es, such as dilated cardiomyopathy, advanced
heart failure induced by valve diseases, end-
stage coronary artery diseases and complexity
congenital heart diseases [67, 68]. However,
graft rejection, cardiac allograft vasculopathy,
graft dysfunction, chronic kidney disease, infec-
tion and malignancy are the most significant
complications that almost all patients face
after the transplantation. However, there was
no studies connected to the heart transplanta-
tion and gut microbiota. Fortunately, previous
studies demonstrated that gut microbiota
acted as critical role in the cardiovascular dis-
ease [69-74]. Trimethylamine-N-oxide (TMAO)
as a metabolite of gut microbiota has raised up
a huge attention because of the potential role
for increase cardiovascular risk [69, 75-78]. Li
and his colleagues [79] performed two inde-
pendent cohort studies to investigate the rela-
tionship between TMAO level and incident car-
diovascular risk among sequential patients
presenting with acute coronary syndromes
(ACS). They found that the elevated plasma
TMAO level was associated with risk of major
adverse cardiac events, additionally, it is also
can be a significant predictor for the long term
mortality. Similar conclusion was concluded by
Marius [80], they found that TMAO may directly
enhance atherosclerosis by interfering with

Am J Transl Res 2018;10(11):3330-3344



Gut microbiota in organ transplantation patients

cholesterol transportation and foam cell forma-
tion, as well as inducing platelet reactivity, pro-
moting thrombosis and acute coronary events.
Gut microbiota metabolize dietary phosphati-
dylcholine and generated trimethylamine, then
delivered to the liver and converted to TMAO by
Flavin-containing monooxygenases, finally, the
activity TMAO influenced the prognosis of car-
diovascular events [76].

Additionally, Marques and his teammates [81]
established a DOCA-salt hypertensive mice
model to investigate the potential mechanisms
that dietary intake of fruit and vegetables is
associated with low risk of heart failure. They
found that high consumption of fiber modified
the gut microbiota populations and increased
the abundance of acetate-producing bacteria
and surprising decreased the systolic and dia-
stolic blood pressure, cardiac fibrosis, left ven-
tricular hypertrophy and the down-regulated
the mitogen-activated protein kinases (MAPK)
signaling in the heart.

Taken together, intestinal microbiota is associ-
ated with the function of heart, the metabolites
may influence the outcome of cardiovascular
events. However, it should be noted that there
is no study that explores the relationship
between heart transplantation and gut micro-
biota, similar to the investigations on the other
organ transplantation (e.g. liver, kidney, small
bowel) and intestinal microbiota. We would
issue a hypothesis that gut microbiota due to
its crucial role in the regulation the immunity
might be play a key role in the prognosis of
heart transplantation as well. To elucidate this
mechanism, further or new studies are nece-
ssary.

Potential views and future challenges
Difference in gender, ethnicity, and age

As we all know, the composition of the intesti-
nal microbiota differs from person to person
[4], and might be dependent on gender and eth-
nicity as well.

To date, some researchers investigated the dif-
ference between gut microbiota of males and
females [82-88]. Yurkovetskiy and his team-
mates [83] established a mice model to analy-
sis the relationship of gender bias and intesti-
nal microbiota. They set up two groups to verify
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their hypothesis, the specific pathogen-free
nonobese diabetic (NOD) mice and germ-free
(GF) mice. They found that the female NOD
mice have 1.3-4.4 times higher incidence of
type 1 diabetes compared with male NOD mice
while no gender bias was found in GF mice
(female-to-male ratio 1.1-1.2). Then, they used
16S rRNA analysis to detect the microbiota
from each groups and found that gut microbio-
ta was different in males and females NOD
mice, however, no significant difference was
found in males and females GF mice. Addi-
tionally, they found a trend reversed of gut
microbiota that no significant difference was
found in males and females when male NOD
mice castration, and confirmed that androgens
influenced by gut microbiota. Those results
demonstrated that gender bias is influenced by
gut microbiota. Similar conclusion was con-
clude by Bolnick and his colleagues [84], they
found that individual diet has sex-dependent
effects on human gut microbiota. Additionally,
Mueller and his co-workers [85] performed a
cross-sectional study to investigate the differ-
ence in fecal microbiota in different European
populations related to gender and country.
They found that males have higher levels in the
Bacteroides-Prevotella group than females
independent from location, but no gender-relat-
eddifferences were observedinthe Bacteroides
vulgatus and Bacteroides putredinis group. In
other previous study of fungal components of
gut microbiota, Strati and his colleagues [86]
revealed that the human gut microbiota differs
in function of individuals’ life stage in a gender-
related fashion. Female subjects showed a
higher number of fungal isolates and fungal
species compared to male subjects. The afore-
mentioned results demonstrated that gender
difference have an influence on the gut mic-
robiota.

Ageing may be a potential risk factor that influ-
ence the human gut microbiota. Recently, a
surprising study conducted by Arya and his co-
workers [89] demonstrated that ageing is asso-
ciated with a reduction in the beneficial com-
mensal microbes. Reduction of beneficial mu-
ciniphola, prausnitzii, lactobacilli and bifidobac-
teria and an increase of staphylococci, clostrid-
ia, streptococci and enerobacteria were found
in ageing rodents gut microbiota. Those results
were same with O'Toole [90] and Claesson [91]
conclusions, a significantly reduction of Lacto-
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bacillus and Faecalibacterium and the increase
of Eubacteriaceae family and Oscillibacter and
Alistipes genera was found in the gut microbio-
ta of frailty elderly people. Those results con-
clude that ageing is probably associated with
the gut microbiota.

Moreover, ethnic also have an important influ-
ence to gut microbiota. Yazici and his co-work-
ers [92] found that race-dependent association
of sulfidogenic bacteria with colorectal cancer.
They used 16S rDNA sequence to confirm that
sulfidogenic bacteria was associated with co-
lorectal cancer, and examine the microbiota of
African Americans and non-Hispanic whites. To
their surprise, they found that African Americans
harboured a great abundance of sulfidogenic
bacteria compared with non-Hispanic whites
regardless of disease status.

Recently, new and outstanding studies [93, 94]
defined three enterotypes of gut microbiota in
human, which were independent of age, gen-
der, cultural background and geography. An
enterotype was described as “densely populat-
ed area in a multidimensional space of commu-
nity composition”. Of them, Bacteroides are the
dominant bacterial in enterotype 1, Prevotella
are the driving factor of enterotype 2, and
Ruminococcus are dominant in enterotype 3.
These enterotypes have close relationship with
different acute or chronic diseases in different
people. Thus, different therapies should be
applied based on the different enterotypes.

Taken together, those results demonstrated
that the composition of gut microbiota might
be influenced by gender, ethnicity and age.
Therefore, future research should take gender,
age and race into consideration when investi-
gating the association of gut microbiota and
organ transplantation.

Probiotics and prebiotics

Probiotics were defined as “live micro-organ-
isms, which when administered in adequate
amounts confer a health benefit on the host” by
FAO/WHO (2001) [95]. The purpose of probiot-
ics use in treatment of gut microbiota-related
disease is to restore the intestinal homeosta-
sis by a beneficial microbe. Lactobacilli and
Bifidobacteria are the strains which most fre-
quently used as probiotics [96]. Previous stud-
ies suggested that their potential functions and
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effects include the inhibition of microbial adher-
ence and translocation, the establishment of a
restrictive luminal environment (such as modifi-
cation of the luminal pH), the production of pep-
tides with antibacterial properties (such as bac-
teriocins), or the induction of the host’s immune
response (such as expression of human defen-
sins) [97-100]. In clinical practice, probiotics
have been used for the treatments in many dis-
eases, such as clostridium difficile infection
[1041, 102], hematopoietic cell transplantation
[103], inflammatory bowel disease [104], small
bowel transplantation [105], kidney transplan-
tation [106] and liver transplantation [107]. Xie
and his colleagues [108] found that the quanti-
ty of Lactobacillus and Bifidobacterium after
the treatment with probiotic substance (probi-
otic group) was significantly higher than antibi-
otic groups of Brown-Norway rats after allograft
liver transplantation. Liver injury was signifi-
cantly reduced in the probiotic group compared
with the allograft group. Moreover, this study
revealed that probiotics mediated their benefi-
cial effects through increase of Treg cells and
TGF-B and reduction of CD4/CDS8 in rats with
acute rejection after liver transplantation.

The concept of prebiotics was defined for the
first time in 1995 [109] and revised in 2007
[110] by Gibson and Roberfroid as following “A
prebiotic is a selectively fermented ingredient
that allows specific changes, both in the com-
position or activity in the gastrointestinal micro-
flora that confer benefits upon host well-being
and health” [110, 111]. To be classified as a
prebiotic, a food ingredient needs to fulfill the
following criteria: resistance to gastric acid
secretion and to hydrolysis by digestive enzy-
mes; absorption in the upper gastrointestinal
tract and fermentation by the intestinal gut
microbiota; stimulation of the growth or activity
of beneficial microbes. According to current
studies, only insulin and trans-galacto-oligo-
saccharides completely match or meet such a
definition [112]. The potential mechanisms of
the action of prebiotics include an increase in
the production of short-chain fatty acids (SCFA)
or a decrease of intestinal pH [113]. Recently,
Huaman and his co-workers [114] performed
a randomized, parallel, double-blind study
to investigate the influence of prebiotics in
patients with functional gut disorder. They set
up two groups, prebiotic group (prebiotic sup-
plement plus Mediterranean-type diet) and
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FODMAP group (glucose plus a diet low in fer-
mentable oligo-, di-, mono-saccharides and
polyols) for 4 weeks, and then patients were fol-
lowed 2 weeks. After 6 weeks, they found that
both groups had statistically significant reduc-
tions in all symptom scores, although the
decrease in symptoms persisted for 2 weeks
after patients discontinued prebiotic supple-
mentation, symptoms reappeared immediately
after patients discontinued the low-FODMAP
diet. They conclude that prebiotic administra-
tion might be a potential treatment strategy for
patients with functional gut symptoms.

Taken together, probiotics and prebiotics seem
to be effective in positively altering the diver-
sity of gut microbiota, especially in probiotics
administration. The administration of antibiot-
ics and immunosuppressive drugs after organ
transplantation causes intestinal microbiota
disorder and bacterial translocation in the
patients. Therefore, further researches are
necessary to clarify the possible clinical appli-
cation of probiotics and prebiotics in the thera-
py of post-transplantation outcomes.

Fecal microbiota transplantation (FMT)

Fecal microbiota transplantation (FMT), defin-
ed as the transfer of a microbial community
from a healthy donor to a patient, has emerged
as a promising treatment option for a range
of chronic disorders [115-119], especially of
the Clostridium difficile infection [116, 120].
Kassam with colleagues [120] performed a
meta-analysis and systematic review to investi-
gate the efficacy and safety profile of fecal
microbiota transplantation in Clostridium diffi-
cile infection. They included 11 studies with
273 patients in their review and came to the
conclusion that FMT were useful for the treat-
ment of Clostridium difficile infection with no
reported adverse events associated with this
therapy. Besides, van Nood and his teammates
[116] conducted a random trail to study the
effect of duodenal infusion of donor feces in
patients with recurrent Clostridium difficile
infection. Surprisingly, they found that infusion
with donor feces was significantly more effec-
tive for the treatment of recurrent Clostridium
difficile infection than the use of vancomycin.
The success of treatment of recurrent Clos-
tridium difficile infection with donor feces made
fecal microbiota transplantation emerge as
a promising effective treatment option for a
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range of chronic disorders, such as ulcerative
colitis [121, 122], inflammatory bowel disease
[123], Crohn’s disease [124], obesity [125], irri-
table bowel syndrome [126, 127] and other
indications. Those results demonstrated that
FMT has an essential role in treating some
chronic diseases; however, little is known about
the potential treatments of post-transplanta-
tion complications. Recently, Kakihana and his
colleagues [117] performed a pilot study to
evaluate the safety of fecal microbiota trans-
plantation in stem cell transplantation. The
study revealed that no severe adverse events
attributed to FMT, and suggested FMT as a
potential novel therapeutic option for a graft-
versus-host disease. Still there is no definite
evidence of the effectiveness of FMT in treating
organ transplantations, such as liver, kidney or
heart transplantation. Therefore, further resear-
ches are necessary to be conducted to clarify
it.

Besides, it should be kept in mind that FMT
has also some adverse events, although rare.
Most of them are related to the procedure used
for the administration of the FMT, such as
the endoscopy complications (perforation and
bleeding) and side effects from sedation (as-
piration) [128]. Additionally, transmission of
donor enteric pathogens via FMT is also an
important point of concern, but appears to be
rare.

FMT is the first way to alter the intestinal micro-
biome, and both patients and donors have
become more aware of this highly effective
option in treatment of chronic diseases. Though
FMT appears to be safe, yet few short-term
adverse effects and complications attributed
to the procedure were reported. Based on that,
more supporting data is certainly needed for
better understanding of the mechanisms of
FMT efficacy and safety for its application in
organ transplantation.
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