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Summary

The role of infections in allogeneic stem cell transplanta-
tion and graft-versus-host disease has gained a renewed
interest because of several developments in recent years.
Variable degrees of immune deficiency exist as a con-
sequence of immune suppression until the immune
system of donor origin is established; graft-versus-host
disease (GVHD) and immunosuppressive treatment
for prophylaxis and therapy may delay the restoration.
These conditions favor infections with various micro-
organisms. Several improvements in prophylaxis and
treatment of infections as well as reduced intensity of
the conditioning regimens and improved prophylaxis
of GVHD have decreased toxicity of the treatment and
transplant-related deaths.

Improved antibiotics, antiviral and antifungal treatment
have contributed to the greater success. However, infec-
tions with and without GVHD remain a major obstacle
of allogeneic stem cell transplantation and immuno-
therapy. New diagnostic tools for the study of cytokines
released during conditioning, the composition and al-
teration of the gut microbiome after transplantation and
the innate immunity of the gut mucosa have given new
insights into the pathophysiology of GVHD. The gut is
a primary organ of T cell activation in acute GVHD; the
incidence of GVHD is associated with a lower gut mi-
crobial diversity.

The composition of intestinal microbiota seems to play
an important role for the pathophysiology of intestinal
GvHD. Commensal bacteria, particularly Clostridiales,
like Blautia, have been shown to be associated with less
GvHD. The mechanism by which anaerobic bacteria
suppress GVHD is still unknown, most likely due to
secretion of protective metabolites like short chain fatty
acids or indole and its derivatives, thus exerting antii-
flammatory effects and contribute to epithelial integrity
and immunological homeostasis. Modulation of intes-
tinal microbiota composition may influence the occur-
rence and severity of gut GvHD.
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The form of gut decontamination has also an important
impact on GVHD. E.g,, rifaximin is a broad-spectrum
antibiotic with negligible gastrointestinal resorption that
spares anaerobic bacteria and improves indoxyl sulfate
production. Rifaximin preserves high microbiome di-
versity upon gut decontamination, as compared to cip-
rofloxacin and metronidazole being associated with less
severe GI GvHD and improved survival.

Even kind and timely use of systemic broad-spectrum
antibiotics for therapy of neutropenic infections seems
to impact gut GvHD. E.g., avoidance of imipenem/ci-
lastatin and piperacillin/tazobactam seems to improve
survival by decreasing GVHD rates, probably, due to
growth of Akkermannsia muciniphilia with mucus-de-
grading capabilities, thus, probably, promoting intesti-
nal inflammation and GvHD. Aztreonam and cefipime,
both antibiotics with anaerobic sparing effects, may be
preferable. Use of antibiotics before the day of transplan-
tation may contribute to severe intestinal dysbiosis and
poor outcome of patients after ASCT.

The presence of certain strains of anaerobic bacteriae is
associated with lower risks of GVHD and relapse of leu-
kemia. Recent studies have shown that gut colonization
with some strains of Blautia is associated with lesser risk
of GVHD, and strains of Limus (Eubacteriaceae) is asso-
ciated with a decreased relapse rate. This antileukemic
mechanism is not well understood. A common finding
is the production of short chain fatty acids. Hence, the
question of total or selective gut decontamination is dis-
cussed controversially. Improved survival was described
with the decontamination with rifaximin that is asso-
ciated with surviving anaerobes and an increased pro-
duction of indolsulfoxide. Treatment of GVHD of the
gut has been attempted with the transfer of stool from a
healthy person with some success. This may not only be
the beneficial impact of bacteriae, but the composition
of bacteriae with phages and other microorganisms.

A recent study of the viriome found the presence of
picobrna virus associated with GVHD.
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The gastrointestinal mucosa is an important part of the
immune system and there is a delicate equilibrium be-
tween the flora itself and the immune surveillance by
the host’s immune system. There is a good evidence that
the mucosal immune system plays a pivotal role in the
development of the patient’s immunity against food an-
tigens and microbial antigens thereby distinguishing be-
tween reaction and tolerance.

Viral infections are known to pave the way for subse-
quent fungal and bacterial infections, but complex in-
teractions between the viruses, bacteria, fungi, nema-
todes and host mucosa may complicate the picture. A
still largely unknown but highly important mechanism
of transkingdom control may be associated with poorly
studied role of phages that may modulate bacterial colo-
nization. These interactions may be complicated by clin-
ically applied antibiotics (absorbable and non-absorba-
ble), antivirals and other drugs.

Introduction

In allogeneic stem cell transplantation there is a variable de-
gree of immune deficiency due to transient hematopoietic
insufficiency, graft-versus-host disease (GVHD) and immu-
nosuppressive treatment for prophylaxis and therapy. These
conditions favor infections with various microorganisms;
they may be transferred from outside or may reside inside
of the patient. The latter could be reactivated from a latent
state or symbiotic state. They may be enhanced by the de-
struction of mucosal barriers in gut, skin or respiratory tract.
Various provisions have been taken in order to minimize the
acute phase complications; reduced intensity conditioning
and anti-infectious prophylaxis were most successful. How-
ever, GVHD is still the major problem of allogeneic stem cell
transplantation; skin, gut and liver are still primary target
organs and lung diseases may further complicate the syn-
drome. In the absence of GVHD immunosuppressive ther-
apy can be discontinued 4-6 months after transplantation;
persistent chimerism in the absence of GVHD and sufficient
protection against infections indicate transplantation toler-
ance. On the other hand, tolerance should not be induced
against the leukemia, since the immune reaction of the graft
against the host’s leukemia is an essential part of the thera-
peutic success of allogeneic stem cell transplantation.

The release of cytokines by the host’s immune system dur-
ing the conditioning phase and prior to transplantation, the
so-called “cytokine storm” has a strong impact on the devel-
opment of acute GVHD and other complications of trans-
plantation [1]. The release of tumor necrosis factor alpha has
been described as pathophysiological mechanism of microa-
ngiopathy seen after transplantation [2, 3]. Acute inflamma-
tory reactions and GVHD could be modified by prophylac-
tic treatment with anti-TNF-a antibody [4]. Irradiation and
chemotherapy can cause severe damage of the gut epithe-
lium, the break of the mucosal barrier allows infections by
crossing bacteria. Oral administration of non-absorbable
antibiotics and antifungals has been the traditional form of

There are also some encouraging new ways to prevent
and to treat GVHD. Moreover, one may select donors
according to their immune repertoire and genetic
background for T cell activation. Possibly this can be
combined with an anti-leukemic efficiency based on
anti-microbial activity and HLA class IT DP histocom-
patibility. In general, the immune activation may be im-
portant that is induced by the actual microbiome and
determined genetically by the donor and the host.
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prophylaxis, because survival of high doses of total body ir-
radiation is increased in decontaminated animals. The role
of the gut flora for GVHD was studied by van Bekkum et
al. [5, 6]: mice received sterile fetal gut implants under the
skin prior to irradiation and stem cell transplantation. They
found little GVHD in the fetal gut, if the mice were well de-
contaminated of bacteria, but significant GVHD in conven-
tional mice. The poor acceptance of non-absorbable antibi-
otics by the patients led to the use of absorbable antibiotics
such as fluorchinolon and metronidazole. However, the in-
creasing frequency of resistant bacteria question the use of
broad spectrum antibiotic prophylaxis. There is controversy
about antibiotic prophylaxis at all with regard to the role of
gut flora in the immune homeostasis and its form. Particular
emphasis is on the prevention of infections with multi-resist-
ant microorganisms.

Prophuylaxis of infections

At the beginning of allogeneic stem cell transplantation, the
experience with reverse isolation of newborn children with
severe combined immune deficiency were the basis of re-
search of various forms of isolation and gut decontamination
[7-11]. Children with severe combined immune deficien-
cy were delivered by Cesarian section and kept in a sterile
environment [7]. The colonization of the gut was a risk in
immune deficient children housed in a sterile environment.
Therefore these children were occasionally “re-convention-
alized” by maternal stool [12] after recovery of some im-
mune functions.

In other patients, prophylactic measures against infections
were oriented for the duration of severe neutropenia and the
extent of immune deficiency. Most external infections can
be prevented by reverse isolation in single bed rooms, wash-
ing and disinfection of the hands, and wearing face masks by
personal and visitors. HEPA-filtered air protects against air-
borne infections, in particular mold infections [13]. How-
ever, the patients may bring along microorganisms, some of
which can be dangerous because of prior hospitalization and
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antibiotic treatment. Antibacterial prophylaxis was original-
ly designed for complete suppression of the intestinal flora.
This regimen has been studied with controversial results, sig-
nificant improvement has been shown in children [7, 8] and
patients with aplastic anemia [9]. Complete decontamina-
tion is rarely possible and partial or selective decontamina-
tion has been proposed [14]. This form of decontamination
spares anaerobic bacteria in order to induce resistance to the
colonization with pathogenic bacteria. However, complete
decontamination including metronidazole was found more
successful [15]. The oral non-absorbable antibiotics are not
very palatable, and most transplant centers have switched to
fluorquinolones that are readily absorbed and better accept-
ed by the patients. Recently improved results were described
with rifaximin [30]. Rifaximin preserves anaerobic bacteria
and depresses colonization with enterococcal species. Some
anaerobic bacteria produce short fatty acid and indolsulfox-
ide that temper proinflammatory changes. Other preventive
measures are more preemptive; e.g., the CMV disease can be
prevented by preemptive treatment at the time of increasing
PCR positivity or antigenemia; non-invasive respirator sup-
port is effective in preventing pneumonia.

The predominant infections in the first 2 to 4 weeks after
conditioning and transplantation are associated with severe
neutropenia, mainly bacterial infections with Gram-nega-
tive and Gram-positive bacteria. Severe neutropenia of more
than 10 days duration is often complicated by infections
with Gram-positive bacteria and fungi. Nosocomial infec-
tions with resistant strains create an increasing problem [16].
Moreover, herpes simplex infections can be reactivated by
the conditioning treatment including total body irradiation,
and prophylactic treatment with acyclovir has been benefi-
cial. The period of marrow aplasia ends with the recovery
of reticulocytes, granulocytes and platelets. The following
period is characterized by immune recovery and graft-ver-
sus-host reactions.

The period after engraftment until 4-6 months after trans-
plantation is characterized by a slowly recovering immune
system and various degrees of immune deficiency and dys-
function. The deficiency is severe in patients with GVHD
and its treatment with immunosuppressive medication. Vi-
ral infections are frequent and may be life-threatening, fun-
gal infections with Aspergillus are a risk for patients with in-
tense immunosuppression. Encapsulated bacteria can create
life-threatening situations in patients with poor antibody re-
sponses and splenic atrophy. Immune recovery is improved
by higher numbers of stem cells transplanted.

EBV-associated lymphoproliferative disease (PTLD) is more
frequent in patients given anti-thymocyte globulin [17] and
patients with HLA-mismatched donors [18], CMV infec-
tions after the treatment with alemtuzumab [19]. Including
the anti-CD20 antibody rituximab into the immunosup-
pressive conditioning may prevent EBV-associated PTLD
[20] because of ablation of B-cells. Anti-viral prophylaxis is
commonly given for 4 months after transplantation and the
patient should be controlled after discontinuation of anti-vi-
ral therapy, because of an increased risk of viral infections
after the discontinuation. Antibiotic prophylaxis should be
given in patients with acute or chronic GVHD on immu-
nosuppressive therapy, or patients with asplenia syndrome.
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This can be diagnosed by sonography and the finding of Jolly
bodies in red blood cells.

Vaccination against pneumococci, Hemophilus influenzae,
meningococci should be given at 6 months after transplan-
tation, preferably as protein-conjugated vaccines [21]. Pri-
or to vaccination, immunosuppressive treatment should be
discontinued, and GVHD should be absent; the CD4 count
should be more than 200/pl and CD19>20/ul. Live attenu-
ated vaccines should not be given earlier than 2 years after
transplantation. Special attention for flu' vaccination is re-
quired in the influenza season; sexually active persons may
require vaccination against human papillomavirus. Presently
there is no clear evidence that vaccination has a negative im-
pact on GVHD.

There is a significant reduction in treatment-related mortal-
ity; several factors may be responsible. Major progress came
from treatment with better antibiotics, anti-virals and an-
ti-fungals, but also from reducing the intensity of condition-
ing treatments [22]. In general, acute GVHD is less severe
and occurs later in patients conditioned less intensively. Less
intensive conditioning liberates less cytokines and particu-
larly TNF-o. Treatment with TNF-a antibody during con-
ditioning treatment [4] tempers the cytokine storm. Shorter
period of fever was observed, along with less acute GVHD
which occurred at later terms. Moreover, a reduced-intensity
conditioning is also associated with diminished damage of
epithelial barrier and, thus, prevents translocation of bacte-
ria and their pathogen associated molecular patterns to the
gut lymphoid tissues being a pre-requisite for immune acti-
vation.

Apart from conditioning and its regimen, preventive meas-
ures of infections are extremely important for two reasons:
absence of infectious risks allows immunosuppressive treat-
ment of GVHD without overwhelming infections which
may incite GVHD by several mechanisms including stimu-
lation of innate immune mechanism, up-regulation of class
IT HLA, cross-reactivity and epitope spreading [29]. Today
we know that innate immunity plays a major role in the in-
duction of GVHD [31-33].

There are several findings pointing to the gut as primary or-
gan of T cell activation in acute GVHD; mice without Peyers
patches do not develop acute GVHD [25], blockade of the
CXCR5 chemokine receptor with maraviroc reduces acute
GVHD in patients [26, 27], patients with mutations in in-
tracellular defense to bacteria (NOD/CARD?2) develop more
GVHD [28]. Therefore, the gut plays a decisive role in the
initiation of GVHD and the patients' fate with GVHD. Inter-
estingly, gut GVHD does not correlate with graft-versus-leu-
kemia activity.

The impact of the intensity of conditioning varies between
diseases and stages of the disease. In many instances control
of leukemia was not achieved by the intensity of condition-
ing, but an immune reaction of donor lymphocytes against
the leukemia [23, 24].

The gut microbiome and GVHD

Early experiments of R. Truitt and colleagues had shown
that mice could be cured of AKR leukemia and SJL lympho-
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ma by allogeneic transplantation; they survived, if their gut
was germ-free [34, 35]. Several studies have shown superior
survival with successful gut decontamination [8] [10], but
others failed to improve survival after allogeneic stem cell
transplantation for leukemia [11]. Prevention of infection
with potentially pathogenetic bacteria translocated from the
intestinal flora is one aspect, initiation of immune responses
and building up of an immune repertoire is the other aspect.
The gastrointestinal mucosa is an important part of the im-
mune system, and there is a delicate equilibrium between
the flora itself and the immune surveillance by the host’s im-
mune system. Blood group isoagglutinins are produced after
colonization with E. Coli and even transient colonization of
the mother’s gut during pregnancy improves the immune re-
activity in the cubs [36]. There are genetic and dietary con-
ditions that determine the composition of the gut flora [37].
In the meantime many gut associated immune mechanisms
have been clarified, not only microbiota, but also food anti-
gens drive the development of the immune system to immu-
nity and tolerance [38]. Tolerance against solid food is medi-
ated by regulatory T cells induced by CD103 + and CD11c+
dendritic cells in the gut mucosa; regulatory T cells induced
by microbial antigens persist longer than those evoked by
food antigens. The role of adaptive immune responses and
the antigens involved is not well defined. Any way, the gut
microbiome may represent an important part of the immune
repertoire of each individual [39].

Most investigations of intestinal microbiology were directed
to mechanisms of innate immunity that may or may not be
important to alloimmune responses. Intracellular microbial
pattern recognition receptors (NOD/CARD2) [40] have a
role in GVHD and other complications of allogeneic trans-
plantation; mutations in the donor’s and the host’s cells in-
crease the risk of complications. Interestingly, this is not the
case in patients decontaminated with the traditional non-ab-
sorbable antibiotics (unpublished). Paneth cells produce
antimicrobial peptides like Reg IIla; increased serum levels
are early indicators of gut GVHD [41]. Similarly, fecal cal-
protectin is produced by activated macrophages, it has been
described as biomarker for gut GVHD and refractoriness to
steroid therapy [42]. The destruction of the mucosal barri-
er during conditioning and GVH-reactions against the gut
epithelium enhances translocation of bacteria from the gut
lumen to the blood flow [31, 43], diarrhea followed by sep-
ticemia and pneumonia has a dismal prognosis.

Surveillance cultures of the microbial flora of the intestine
were performed since the start of stem cell transplantation
in the 70s [7], but the success was variable and GVHD re-
sulting in colonization with single strains resistant to the
treatment was observed. Recently, diagnostic tools have im-
proved by testing of bacterial 16S RNA genes. A great variety
of bacteria can be detected, the greater the diversity the lesser
GVHD [44]. However, not only the host's immune system
determines the composition of microbiota, but the flora itself
is controlling its composition creating colonization resist-
ance. B.thetaiotamicron, B.thuringiensis, Bifidobacteria spp
play a role in controlling the colonization of the gut [45].

The composition of intestinal microbiota seems to play an
important role for the pathophysiology of intestinal GVvHD.

Commensal bacteria, particularly Clostridiales, like Blau-
tia, have been shown to be associated with less GVHD [46].
These results were confirmed as low levels of 3-indoxylsu-
flate, a tryptophan metabolite of Clostridiales, early after
transplantation have been observed to correlate with poor
outcome and increased GvHD-related TRM [47]. Modula-
tion of intestinal microbiota composition may influence the
occurrence and severity of gut GvHD as shown in experi-
mental murine models fed with Lactobacillae [48] or bu-
tyrate-producing Clostridiales.

The mechanism by which anaerobic bacteria suppress
GVHD is still unknown, most likely it is the secretion of pro-
tective metabolites like short chain fatty acids or indole and
its derivatives. They exert a lot of anti-inflammatory effects
and contribute to the maintenance of epithelial integrity and
immunological homeostasis. Recently a role for indoxylsul-
fate was defined in patients with GVHD. Indoxyl sulfate is
produced by anaerobic bacteria and protects the mucosal
barrier.

The form of gut decontamination has also an important im-
pact on GVHD; rifaximin is a broad-spectrum antibiotic
with negligible gastrointestinal resorption that spares an-
aerobic bacteria and improves indoxyl sulfate production
[30]. As compared to ciprofloxacin and metronidazole for
gut decontamination rifaximin preserves high microbiome
diversity and was associated with less severe GI GvHD and
improved survival. The beneficial effect of rifaximin was in-
dependent of poor prognostic factors as the mutated geno-
type of NOD CARD?2 and treatment with systemic antibiot-
ics prior to transplantation [48].

Even the kind and timepoint of use of systemic broad-spec-
trum antibiotics for therapy of neutropenic infections seem
to impact GI GvHD. The avoidance of imipenem/cilastatin
and piperacillin/tazobactam during the neutropenic period
improved survival by decreasing GVHD [49]. These anti-
biotics favored the growth of Akkermannsia muciniphilia,
a bacterium with mucus degrading capabilities, that may
contribute to the development of intestinal inflammation
and GvHD. Aztreonam and cefipime, both antibiotics with
anaerobic sparing effects may be preferable under this con-
dition. However, also the time of starting therapeutic antibi-
otics can influence gastrointestinal GvHD as antibiotic use
before the day of transplantation contributed to severe in-
testinal dysbiosis and poor outcome of patients after ASCT.

However, a more general effect of immunoregulation by mi-
crobiota can be expected. A large variety of immunoregula-
tory cells in the gut depends on the presence of short chain
fatty acids (regulatory T cells), on arylhydorcarbon acid lig-
ands such as indoles (ILCs type 3) or on bacterial products
like vitamins (invaraint NKT cells). Microbiote dysruption
thus interferes with a well tuned balance of immunregulatoy
cells which is essential for tissue tolerance.

A most encouraging observation was the finding that colo-
nization with certain groups of bacteria (Eubacteriaceae) like
Enterobacterium limosum is associated with a decreased re-
lapse rate [50]. The antileukemic mechanism is not well un-
derstood. Possibly inhibition of inflammatory changes in the
gut improve the control of the disease. Stimulation of CD8

CTT JOURNAL | VOLUME 7 | NUMBER 1 | MARCH-APRIL 2018 11



T cells via toll-like receptor binding may be another cause
[51] as well as the inhibition of checkpoint inhibitors CTLA-
4 [52] and PD-1L [53] that are influenced by the microbiome
of the gut.

Therefore, the gut microbiome has an as yet poorly defined
impact on the structure of the immune system; it certainly
contributes to the development of an immune repertoire, the
prevention of autoimmune disease and the situation of allo-
geneic stem cell transplantation, foreign immune cells not
only encounter histocompatibility differences, but also a new
microbial environment and innate defense mechanisms of
the gut.

Viral Infection

Viral infections are a particular challenge for allogeneic T
cells, because they are strictly intracellular; the activation of
cellular immune responses require signals of activation on
the cell surface. Except for viremia antibodies are not re-
quired, viruses can spread from cell to cell. Most problems
are from reactivation of persistent or latent viral infections,
although primary infections do occur. Immune deficiency is
the primary cause for viral reactivation, the immune reac-
tion against cells with latent viral infection may contribute
to viral reactivation. This way a vicious circle may ensue with
GVHD and CMV exchanging each other.

Prototypes for reactivation are infections with herpesvirus-
es: herpes simplex virus (HSV), herpes zoster virus (HZV),
cytomegalovirus (CMV) and Epstein Barr virus (EBV), but
also other viruses may produce disease after activation, like
BK and JC virus, adeno-virus, hepatitis viruses, papilloma
virus and others. Clinical herpes simplex infections have
been greatly reduced by the prophylactic treatment with acy-
clovir. Unfortunately, acyclovir is not very effective in CMV
infections and CMV associated interstitial pneumonitis and
colitis have been great clinical problems in allogeneic stem
cell transplantation. The introduction of more effective anti-
viral drugs and better diagnostic has changed the dangers of
CMYV infections, prophylactic or preemptive treatment with
ganciclovir in case of increasing quantitative PCR loads in
blood could prevent disease. CMV is often found in biop-
sies of patients with GVHD [54-56] and inflammatory bowel
disease [57]. CMV infection is a serious complication of gut
GVHD and contributes to mortality. However, it may also
contribute to GVHD as it has been described for CD4 T cells
that induce GVHD via inflammatory signals increasing the
expression of HLA class II on non-hematopoietic cells [58].
On the other hand, CD4 T cells are necessary in order to
control CMV disease [59] [60, 61]. More recently cross-re-
active peptides have been described between CMV and mi-
nor histocompatibility antigens [54]. In patients with AML,
a successful control of CMV infection during the first 100
days after transplantation correlated with a decreased risk of
relapse [62].

Reactivation of HHV-6 is seen in nearly 50% of patients with
allogeneic transplants, but it is still not clear whether HHV-6
has a pathogenic role in GVHD. We observed HHV-6 in skin
biopsies taken for GVHD that did not respond to steroids
[unpublished]. HHV6 genes are integrated in the human
genome in 1-3% of patients and donors; in these patients
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GVHD may be more frequent [63]. In retrospective reviews
HHV-6 was associated with bone marrow failure, skin rash,
enteritis and CNS disease [64], but the associations were not
strong.

Therefore, the interaction of viral infection and GVHD
may be mutual: immune deficiency related to GVHD and
its treatment favors reactivation of viral infections, and they
may provide the inflammatory environment to stimulate
GVHD. The inflammatory environment is a potent condi-
tion for reactivation of latent virus [65].

Immunotherapy of viral infection with specific cytotoxic
T cells has been successful in patients with post-transplant
lymphoproliferative disease (PTLD) with reactivation of
EBV. An important risk factor of PTLD is the treatment with
antithymocyte globulin and anti-T-cell antibodies. Again, it
is not known why some anti-T-cell antibodies have a high
risk of PTLD and others a rather low risk. Severe adenovirus
infections can be associated with GVHD of the gastrointes-
tinal tract, reactivation and new infections may occur, risk
factors are GVHD and immune suppression [66]. In some
cases with severe diarrhea rota virus is found together with
adenovirus.

Hepatitis virus infection presents an important differential
diagnosis of GVHD of the liver. Hepatitis B virus may be
reactivated in patients with a history of hepatitis as evident
by anti-core antibodies, even in the presence of anti-surface
antibodies. An antiviral prophylaxis is indicated in patients
with long-term immune suppression, antiviral therapy is
indicated during transplantation and until a year after dis-
continuation of immune suppression [67]. The presence of
hepatitis C is not considered as a contraindication against al-
logeneic transplantation, but it should be treated in order to
prevent cirrhosis and hepatic carcinoma [68]. In a matched
control study, the outcome for patients with hepatitis C vi-
rus infection was worse than in the control group [69]. As
a rule, patients are not tested for hepatitis E, but recently
infections with hepatitis E have been described [70]. Again,
elevated transaminases may be considered as an evidence
for liver GVHD, but hepatitis E disease may also be present.
This infection is rarely associated with clinical disease, but
in immunosuppressed patients it may cause mild hepatitis.
Treatment with ribavirin and interferon-a can be used for
the control of the disease (unpublished observation).

The role of viral infections in GVHD may be variable, reacti-
vation of hepatitis virus is enhanced by immune suppression
and the clinical manifestation of hepatitis occurs with the
recovering immunity. Therefore, the use of cytotoxic T cells
against hepatitis virus may be harmful. In contrast the use of
specific cytotoxic T cells against EBV may be life-saving in
cases of EBV reactivation and post-transplant lymphoprolif-
erative disease (PTLD) [71, 72].

Adenovirus infections are more frequent in pediatric pa-
tients; prolonged viremia can be seen, reactivation may oc-
cur from tonsils, nasopharyngeal and gastrointestinal muco-
sa. This can be observed prior to the development of GVHD,
possibly by inducing an inflammatory response. The use of
specific Th1 helper cells against adenovirus was successful in
controlling adenovirus disease in 15 of 30 patients; increased
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GVHD was not observed, but 15 patients died with and
without a response to T cells [66, 73]. Adeno-virus specific T
cells were collected by the interferon-capture technique and
resulted in a 70% specific T cells. Non-selected donor lym-
phocytes were also effective, but carried the risk of GVHD
[74] [own unpublished observation]. Adenovirus induces an
inflammatory response that may precipitate GVHD [75].

These observations strongly support the treatment of op-
portunistic and reactivated viral infections while treating
GVHD with immune suppression.

A recent study on the gut virome on 44 patients has de-
scribed a viral “bloom” of DNA viruses following stem cell
transplantation that increased in patients with GVHD with
a decrease in phage richness [76]. However, only picobirna-
viruses were predictive of severe enteric GVHD. These were
detected in 40,9% of patients and correlated with fecal levels
of calprotectin and a-1 antitrypsin.

Transkingdom control

The microbiome has already achieved much attention by
transplanters and the medical community; the virome is
gaining increasing attention [76]. However, the microbial
environment consists also of interactions of various ele-
ments. Viral infections may provide the soil for fungal and
bacterial infections, but interactions of virus, bacteria, fun-
gi, nematodes and host mucosa may complicate the picture.
Norovirus, retrovirus, rotavirus, astrovirus, picornavirus, ad-
enovirus and herpesvirus have intimate regulatory relation-
ship with bacterial microbiota, their phages, helminthes and
fungi [77]. Norovirus have ligands to human blood group
antigens including secretory antigens and mucus, but also
for certain bacteria [78]. In cases of transkingdom activity,
norovirus may induce severe intestinal GVHD presumably
involving carbohydrate antigens and antibodies (personal
observation).

A still largely unknown but highly important mechanism
of transkingdom interactions may be the control of micro-
biome by viral phages. The most recent studies on succes-
ful treatments with fecal microbiota transfer suggest that
co-transplanted phages may exert strongest effects upon the
microbiome [79].

Part of the transkingdom mechanism is certainly the host’s
reaction against microorganisms that is genetically predis-
posed and activated by otherwise harmless microorganisms.
More information is available on individual genetic back-
ground and activation of Th1,2,17 cells that may determine
autoimmune activity in the gut [80]. This genetically deter-
mined activation of T cells may be equally important in allo-
geneic transplantation.

Conclusions

Major progress has been achieved by the selection of the best
donors with histocompatibility testing, prevention of viral,
bacterial and fungal infections with improved antibiotics,
antiviral and antifungal treatment as well as less intense con-
ditioning regimens [81]. GVHD is still the major problem

of allogeneic stem cell transplantation. There are several en-
couraging new ways to prevent and to treat GVHD including
modification of the gut microbiome [30, 49, 82]; it is now
time to select donors according to their immune repertoire
and their genetic background for T cell activation. Possibly
this can be combined with an anti-leukemic effect based on
anti-microbial activity [50, 62] and HLA class II DP histo-
compatibility [83]. The immune repertoire may be primed
by prior infections as they may be primed by prior transfu-
sions and pregnancies, but activation may be decisive that is
induced by the actual microbiome and determined geneti-
cally by the donor and the host.
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| UHpeKuma n peakuusa «TpaHCnIaHTaT NnpoTUB X03AKUHA»

Xanc-Voxem Konw6', lannsna Bebep?, benunga [Iunro-Cumoac?, Ipuct Xomep?

'Konb6 Koncantuur MionxeH, [epmanus

*[lemapTaMeHT reMaTOJIOT VM ¥ OHKOJIOTMY, K/IMHMKA BHYTpeHHUX 6ose3Heit 111 yHMBepCcUTETCKOrO MEUIIMHCKOTO LIEHTPa,
Perencoypr, Tepmanns

*[Ikona Meguiuubl Pubeitpao-IIpero, Yausepcurer Can-Ilayno, bpasumms

Pe3slome

Ponb mHQeKImil mpy arIoreHHON TpPaHCIUIAHTAIVIN
cTBONOBBIX K1IeToK (amno-TI'CK) u peakuum «TpaHc-
IUTaHTaT OpoTuB Xo3suHa» (PTIIX) saHoBO mprobpena
VHTepeC BBUAY HECKONBKIUX Pa3pabOTOK IIOC/IeHIX IET.
ViMMyHOeUIINT pasITNYHOI CTEIEHN BO3HMKAET Kak
CIefICTBUE IMMYHHON CYIIpeccuu 10 TeX Iop, IOKa He
chopmupyercs fOHOpcKas MMMyHHas cuctema; PTIIX
U VIMMYHOCYIIPECCUBHASA Tepamys I MPOPUIaKTUKY
n nederyst PTIIX MoryT BbI3BaTh 3alep)KKy ee BOCCTa-
HOBJIEHMA. DTa CUTYals CHIOCOOCTBYeT MHAUIIMPOBa-
HUIO PpasMYHBIMM MMKpOOpraHmsmMamy. HexoTopsie
YCOBEpIIEHCTBOBAHNA B IPO(QUIAKTUKE U JICYCHUM VH-
(hex1mit, a TaKXKe CHYDKEHUe MHTEHCYBHOCTY PEXXVIMOB
KOHJMIVIOHVPOBAHUA M YIydllleHMe HpOQUIaKTUKA
PTIIX mpuBeny K CHYDKEHMIO TOKCUYHOCTH JIeYeHVS U
CMEepPTHOCTH, CBA3aHHOM C TPaHCIITIAHTAIIME.

CoBepIIIeHCTBOBAHNUE TepaNnyl aHTHOMOTUKAMI OaKTe-
PUAJIBHBIX, @ TAKXKE BUPYCHBIX V1 IPMOKOBBIX MH(EKINIL
BHEC/IO CBOJI BKJ/Iafi B pasBUTHE 9TOro ycrexa. OpHaKo
nHpekyy ¢ PTTIX u 6e3 Hee 0CTarOTCSA OCHOBHBIM IIpe-
narcreueM A amno- TTCK u ummynorepanuu. Hosble
AVATHOCTIYECKIE CPEMICTBA /IS MCC/IeOBaHMA IIUTOKM-
HOB, BBIJENAINXCA B Nepyof, KOHAMIIMOHNPOBAHMS,
COCTaB MUKPOOMOTBI KUIIEYHIKA U €€ M3MEHEHsI [I0CTIe
TI'CK, a Takke BPOXXIEHHbII MMMYHUTET CIM3UCTON
KIUIIIeYHIKA [IPYBHECIN HOBBI B3IV Ha IATO(PU3NU-
onormio PTIIX. Kemymouno-kumeunsnit Tpakr (KKT)
ABNIAETCA TEPBUYHBIM OPTraHOM AKTMBALuy T-7uM-
¢douutos pu octpoit PTIIX, u Bctpewaemocts PTIIX
aCCOLMMPOBAHA C MEHBIIMM PasHOOOpasieM MUKpPO-
oprann3moB B JKKT. Hamuume omnpefeneHHBIX BMJOB
aHA9POOHBIX OAKTEPIIiT ACCOLUNPYETCSI CO CHVKEHHBIM
puckom PTIIX u perjuanBoB neiiko3a. HegaBHue nccre-
JoBaHMs Mmokasaan, uyro kopoHmsanun JKKT HekoTo-
pbIMu mTaMmmamu Blautia acconumupoBaHbl ¢ MEHBIINM
puickom PTIIX, a psip munmit Limus (Eubacteriaceae) cBsi-
3aH CO CHVDKEHMEM YacTOThI PelMAVBOB. DTOT aHTIU/IEH -
KO3HBIII MeXaHM3M He BIIOJIHE BhIsICHEH. YacTom Haxoj-
KOJ1 3/leCh SABJIAETCS NPOAYKINA KOPOTKOIIEIIOUYEUHBIX
KVMPHBIX KUCIOT. Takum 06pa3oM, BOIIPOC O IIOTHOIL
win nusbupatenpHoit nekoHTammHanyy JKKT moka He
paspelieH. YIydileHne BbDKMBAEMOCTI ObUIO OIMCAHO
IIpY JeKOHTAMIHALUY PH(PAMUKCIHOM, YTO CBS3BIBAIOT
C BBDKVBAHUEM aHA9POOOB U MOBBIIIEHHON IPOAYKIIU-
eil MHAOKCWICyIbdara. IIpeampuHNManuCh MOIBITKY
nedenus PTIIX kmineyHmka IyTeM IepeHOca CTy/Ia
37J0POBBIX JINI], YTO IIPMHOCU/IO HEKOTOPDI ycrex. To

MO>KET He TOJIBKO OKa3bIBaTh IOJIOXKUTETbHBIN 3(1)(1)€KT
Ha 0akTepuaabHyIo GIOpY, HO ¥ Ha VX B3aVIMOJIeJICTBIIE
¢ darami 11 JpyruMu MUKPOOpPraHM3MaMMI.

HpiHemHMe ycciefoBaHus BYMpOMa MOKasaay MpUCyT-
CTBJ€ IMKOPHABUpYca, accouuuposanHoro ¢ PTIIX.

Cmsuctas JKKT sABnsAeTca BaKHOM YacTbl0 MMMYH-
HOJ CHUCTEMBI, I VIMEETCS TOHKOE paBHOBECUE MEX[IY
(I0pOIl KaK TAKOBOI U MMMYHOJIOTMYECKIIM Ha/I30POM
CO CTOPOHBI VIMMYHHOI CHCTEMBI OpPIaHM3Ma-X03AMHa.
VImeeTcs OCTATOYHO [JOKA3aTENbCTB TOTO, YTO MMMYH-
Hasl CICTeMa CIMBVCTHIX 000/I0UeK UTPAeT BaXKHEMIIYIO
POJIb B PasBUTHUI MMMYHHOTO OTBETa y OOJIBHBIX IIPO-
TYB IUIEBbIX AHTUTEHOB U MUKPOOHBIX AHTUTEHOB, TEM
CaMbIM pa3/nyasi MMMYHHBIE PeaKIVN I MIMMYHHYIO TO-
JIEPAaHTHOCTb.

BupycHble nHbEKINN, KaK M3BECTHO, IPOK/IAJbIBAIOT
Iy Th /I HOC/IENYOMNX IPUOKOBBIX 1 GaKTepuanTbHBIX
MHEKIMIT, HO CIOKHbIE B3aMIMONECTBUS MEXHIY BI-
pycamu, 6aKTepusaMu rpuOKamy, HeMaToORaMy U CIN3H-
CTOJ1 060/I0YKOIT MOTYT OCTIOXKHATD 00111yI0 KapTuHy. o
CHX IIOp BO MHOTOM He SICHO, HACKO/IPKO Ba)KE€H B3auM-
HbI/I KOHTPO/Ib PA3/IMYHBIX LIAPCTB MUKPOOMOTEL 1 OH
MOXXeT OBbITb CBS3aH C Ma/IOV3yIeHHOI PO/IbIO GaKTepu-
0(aroB KOTOpbIe MOTYT MOLY/IMPOBATh MIKPOOHYIO KO-
JIOHM3ALVIO. DTV B3aMMOJIEHICTBIISA MOTYT OCTIOXKHATBCS
IpYMeHEeH)eM B KIMHMKe abcopOupyeMbIx 1 Heabcop-
OVMpyeMbIX aHTUOMOTVKOB, AHTMBUPYCHBIX M JPYIUX
IIperaparosB.

EcTb 1 HeKOTOpbIe MEePCHEeKTUBHBIE CIIOCOOBI MPENOT-
Bpamenns u nedenns PTIIX. Tak, MOXXHO BbIOVpaTh
TOHOPOB B COOTBETCTBUN C X MMMYHHBIM pelepTya-
POM U TeHeTUIeCKUM (HOHOM M/Ist aKTUBALMM T-KIeTOK.
Bo3M0yKHO, 9TOT MOAX0 MOXKET COUETATHCA C aHTUJIEN -
KeMu4aecKuM 3¢ (GeKToM, OCHOBAaHHBIM Ha aHTUMUKPOO-
HOJI aKTMBHOCT) U TKaHEeBOW coBMecTMMOCTU 1o HLA
(xmacc II DP-rensr). B obmuieM, nMMyHHasi aKTMBAIs
MOXKeT OBITb B)XHOII B aClleKTe ee MHIYKIUM UMeIo-
IIeiCsT MUKPOOMOTOI, 1 OHA OIpeeNnsieTcsl TeHeTHIe-
ckyMu haKTOpaMu TOHOPA Vi peLUIIIEeHTA.

Kniouesble ¢10Ba

AJioreHHas TpaHCIIAHTALVSI TEMOIIOATITYECKIX K/IETOK,
PEeaKLysl «TPaHCIUIAHTAT IPOTUB XO3MHA», UH(EKIWN,
HPOUIAKTUKA, MUKPOOMOTA >KENyJOYHO-KUIIETHOTO
TpaKkTa, reHeTMuecKye (HaKTOpbl, aHTUMH(EKINOHHAS
Tepamys.
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