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Hematopoietic stem cell transplantation
(HSCT) is a lifesaving intervention in
malignant and nonmalignant disease.
However, as is the case with many good
things, there is a dark side. For allogeneic
HSCT, these include infection and graft
vs host disease (GVHD), common com-
plications associated with substantial
morbidity and mortality although these
have decreased in recent years [1, 2]. A
number of strategies aimed at preventing
each of these complications have been
studied and some adopted into clinical
practice. Preventive strategies for infec-
tion that have been studied include gut
decontamination, administration of he-
matopoietic colony stimulating factors
and prophylactic antibiotics, most specif-
ically fluoroquinolones (reviewed in [3]).
Current and potential strategies to reduce
the incidence of acute GVHD (aGVHD)
have been recently reviewed [4].

Levinson et al postulate in their study
published in the current issue of CID
that acute gut GVHD (aG-GVHD) in-
creases the risk of blood stream infection
with enteric organisms (EB-BSI) [5].
From a pathophysiological perspective,

this hypothesis makes sense: damage re-
sulting from attack of the stem cell graft
on the host’s gut epithelium provides a
portal of entry for enteric organisms. In
this retrospective study of pediatric allo-
geneic HSCT recipients, EB-BSI devel-
oped in almost half of all patients. The
strongest predictor of EB-BSI was time
to neutrophil engraftment. Additionally,
there was a trend to aG-GVHD as a pre-
dictor. EB-BSI was more common after
the onset of aG-GVHD than before in
the group that developed aG-GVHD. It
was also more common in those with
aG-GVHD than in patients who did not
develop any aGVHD, when the first 30
days after HSCT were excluded to ac-
count for the confounding variable of
neutrophil engraftment. The develop-
ment of EB-BSI was significantly associ-
ated with mortality in the entire cohort
but not in those who developed aG-
GVHD, likely due to the small numbers
involved as pointed out by the authors.
In their discussion, the authors noted
the relationship between antibiotic usage
and reduced gut microbial diversity ob-
served by others, the latter of which is as-
sociated with mortality after HSCT [6].
They acknowledge that a limitation of
their study was the lack of antibiotic data
because such information might have had
an impact on their analysis of mortality.
Based on these data, the authors highlight
the seriousness of EB-BSI in HSCT pa-
tients and the need for preventive mea-
sures. The potential strategy proposed

by them was the use of probiotics, pre-
sumably by stabilizing or restoring the
gut microbiota after HSCT.

The gut microbiota performs impor-
tant homeostatic functions systemically
and locally, including supporting intesti-
nal epithelial health, host nutritional sta-
tus, colonization resistance, and immune
system functioning [7]. These consider-
ations tie in directly with the Levinson
study because maintenance of intact
intestinal epithelium and colonization re-
sistance by a healthy gutmicrobiotawould
presumably guard against systemic inva-
sion by enteric bacteria. Therefore, is it
a good idea to disrupt these homeostatic
functions with prophylactic antibiotics
used in HSCT? Recent data suggest that
it is not. The disarray in the gastrointesti-
nal (GI) microbiota that occurs during
HSCT contributes to aGVHD in mice
and humans [8]. Microbial diversity, a
marker of a healthy microbiota, dimin-
ishes during HSCT, in large part due to
frequent antibiotic usage, and is associat-
ed with increased mortality after HSCT
[6]. Presumably through the loss of colo-
nization resistance provided by a diverse
microbiota, there is overgrowth of poten-
tial pathogens such as Enterococcus spe-
cies and Gram negative bacilli during
HSCT [9–12]. Eventually, blood stream
infections with these pathogens ensue, as
shown by Levinson and others [5, 11, 12].

Another consideration is the role of the
gut microbiota in the genesis of GVHD
(reviewed in [13]). This occurs through
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the damage inflicted by irradiation and
chemotherapy during the conditioning
period prior to HSCT, allowing bacteria
and microbial products to leak through
the intestinal epithelium and provoke an
inflammatory response. This response
appears to be mediated through the in-
nate immune system, with involvement
of pattern-recognition receptors (PRR)
such as Toll-like receptors to which bind
microbial constituents termed pathogen-
associated molecular patterns. Activation
of PRR in this way results in the produc-
tion of an inflammatory cascade creating
an environment favoring the emergence
of allo-reactive T cells derived from the
graft. The end result is tissue damage to
the host inflicted by the graft’s immune
effectors. The role of the gut microbiota
in the development of GVHD is support-
ed by observations that ridding the gut of
its bacterial burden using antibiotics
reduces acute GVHD. This is a strategy
that has been employed by some trans-
plant centers.

Returning to the proposal by Levinson
et al regarding using probiotics to im-
prove outcomes after HSCT, what is the
evidence that probiotics are effective in
preventing infection and/or GVHD? A
number of studies have examined the ef-
fects of probiotics on infection preven-
tion in patient populations other than
those undergoing HSCT. The most consis-
tent and convincing evidence demonstrates
that probiotics can prevent intestinal and
upper respiratory tract infections (reviewed
in [14]), most notably Clostridium difficile
colitis [15]. In addition, there is evidence
that the use of probiotics reduces nosoco-
mial infections [16–20]. However, such
findings are not universal [21–23]. Probiot-
ics as infection prevention have not been
studied in HSCT patients.

There is classic and emerging experi-
mental evidence to support the idea that
the use of probiotics and/or modulating
the GI microbiota prevents GVHD. Over
40 years ago, during the infancy of HSCT,
van Bekkum et al demonstrated that
modulating the GI microbiota attenuated

complications of experimental transplan-
tation including GVHD and mortality
[24]. A decade ago, a study by Gerbitz
et al showed in a mouse model of acute
GVHD that supplementing mice with
probiotics was associated with reduced
bacterial translocation from the GI tract,
less systemic inflammation and a reduc-
tion in acute GVHD while improving
survival [25].More recently, in a different
mouse model of acute GVHD, similar
results were observed when using a probi-
otic as a tolerogenic adjuvant [26]. Strat-
egies other than probiotics to enhance the
health and stability of the GI microbiota
during HSCT have been proposed [6].
There are several issues to be consid-

ered when designing studies of probiotics
in the prevention of infection or GVHD
in patients undergoing HSCT. The het-
erogeneity of studies examining effects
of probiotics in infection preventionmake
it difficult to construct a cohesive picture
of their utility. The probiotic regimens,
study populations, study designs and out-
comes employed varied greatly. Addi-
tionally, many of these studies are limited
by small size, thereby increasing the risk
of being underpowered and not general-
izable. Another important issue is safety.
In general, probiotics are well tolerated,
but infections with probiotic strains, no-
tably blood stream infections, have been
observed (reviewed in [27, 28]).Other po-
tential adverse consequences of probiotic
administration, such as unanticipated ef-
fects on the immune system and transfer
of drug resistance from exogenously ad-
ministered probiotic strains to native
strains of microorganisms, have been
suggested [29]. In addition, patients with
severe underlying disease, including im-
munosuppression and malignancy, might
be at higher risk for adverse effects from
probiotics [27].
Levinson et al have contributed to the

knowledge of the interplay between non-
infectious and infectious outcomes after
HSCT. The complexities in caring for
and studying this patient population illu-
minate substantial and exciting research

gaps. For instance, do skin GVHD and/
or the skin microbiota contribute to
infection after HSCT? Does infection
influence the likelihood or severity of
subsequent GVHD? How is the mainte-
nance or restoration of the gut microbiota
during HSCT best accomplished? How
effective and safe are probiotics or other
means of microbiota manipulation as
a tool to prevent complications from
HSCT? Larger, well-designed studies are
needed to more fully elucidate these rela-
tionships in order to devise strategies to
improve infectious and noninfectious
outcomes after HSCT.

Notes

Acknowledgments. The author thanks Drs
Jose Caro, Susan Hadley, and Alysse Wurcel for
their helpful comments.
Potential conflict of interest. Author certifies

no potential conflicts of interest.
The author has submitted the ICMJE Form for

Disclosure of Potential Conflicts of Interest. Con-
flicts that the editors consider relevant to the con-
tent of the manuscript have been disclosed.

References

1. Pasquini MC, Zhu X. Current uses and out-
comes of hematopoietic stem cell transplan-
tation: 2014 CIBMTR Summary Slides.
Available at: http://www.cibmtr.org.

2. Gooley TA, Chien JW, Pergam SA, et al.
Reduced mortality after allogeneic hemato-
poietic-cell transplantation. N Engl J Med
2010; 363:2091–101.

3. Tomblyn M, Chiller T, Einsele H, et al.
Guidelines for preventing infectious compli-
cations among hematopoietic cell transplant
recipients: a global perspective. Preface. Bone
Marrow Transplant 2009; 44:453–5.

4. Holtan SG, Pasquini M, Weisdorf DJ. Acute
graft-versus-host disease: a bench-to-bedside
update. Blood 2014; 124:363–73.

5. Levinson A, Pinkney K, Jin Z, et al. Acute
gastrointestinal GVHD is associated with
increased enteric bacterial blood stream in-
fection density in pediatric allogeneic hema-
topoietic cell transplant recipients. Clin
Infect Dis 2015; doi:10.1093/cid/civ285.

6. Taur Y, Jenq RR, Perales MA, et al. The ef-
fects of intestinal tract bacterial diversity on
mortality following allogeneic hematopoietic
stem cell transplantation. Blood 2014; 124:
1174–82.

7. Hollister EB, Gao C, Versalovic J. Composi-
tional and functional features of the gas-
trointestinal microbiome and their effects
on human health. Gastroenterology 2014;
146:1449–58.

2 • CID • EDITORIAL COMMENTARY

http://www.cibmtr.org
<iAnnotate iPad User>
Highlight

<iAnnotate iPad User>
Highlight

<iAnnotate iPad User>
Highlight



8. Jenq RR, Ubeda C, Taur Y, et al. Regulation
of intestinal inflammation by microbiota fol-
lowing allogeneic bone marrow transplanta-
tion. J Exp Med 2012; 209:903–11.

9. Eriguchi Y, Takashima S, Oka H, et al.
Graft-versus-host disease disrupts intestinal
microbial ecology by inhibiting Paneth cell
production of alpha-defensins. Blood 2012;
120:223–31.

10. Heimesaat MM, Nogai A, Bereswill S, et al.
MyD88/TLR9 mediated immunopathology
and gut microbiota dynamics in a novel mu-
rine model of intestinal graft-versus-host dis-
ease. Gut 2010; 59:1079–87.

11. Taur Y, Xavier JB, Lipuma L, et al. Intestinal
domination and the risk of bacteremia in pa-
tients undergoing allogeneic hematopoietic
stem cell transplantation. Clin Infect Dis
2012; 55:905–14.

12. Ubeda C, Taur Y, Jenq RR, et al. Vancomy-
cin-resistant Enterococcus domination of in-
testinal microbiota is enabled by antibiotic
treatment in mice and precedes bloodstream
invasion in humans. J Clin Invest 2010;
120:4332–41.

13. Heidegger S, van den Brink MR, Haas T,
Poeck H. The role of pattern-recognition re-
ceptors in graft-versus-host disease and graft-
versus-leukemia after allogeneic stem cell
transplantation. Front Immunol 2014; 5:337.

14. Sanders ME, Guarner F, Guerrant R, et al. An
update on the use and investigation of probi-
otics in health and disease. Gut 2013; 62:
787–96.

15. Johnston BC, Ma SS, Goldenberg JZ, et al.
Probiotics for the prevention of Clostridium

difficile-associated diarrhea: a systematic re-
view and meta-analysis. Ann Intern Med
2012; 157:878–88.

16. Sugawara G, Nagino M, Nishio H, et al. Peri-
operative synbiotic treatment to prevent post-
operative infectious complications in biliary
cancer surgery: a randomized controlled
trial. Ann Surg 2006; 244:706–14.

17. Giamarellos-Bourboulis EJ, Bengmark S, Ka-
nellakopoulou K, Kotzampassi K. Pro- and
synbiotics to control inflammation and infec-
tion in patients with multiple injuries. J Trau-
ma 2009; 67:815–21.

18. Hojsak I, Abdovic S, Szajewska H, Milosevic
M, Krznaric Z, Kolacek S. Lactobacillus GG
in the prevention of nosocomial gastrointes-
tinal and respiratory tract infections. Pediat-
rics 2010; 125:e1171–7.

19. Morrow LE, Kollef MH, Casale TB. Probiotic
prophylaxis of ventilator-associated pneumo-
nia: a blinded, randomized, controlled trial.
Am J Respir Crit Care Med 2010; 182:
1058–64.

20. Siempos II, Ntaidou TK, Falagas ME. Impact
of the administration of probiotics on the in-
cidence of ventilator-associated pneumonia:
a meta-analysis of randomized controlled tri-
als. Crit Care Med 2010; 38:954–62.

21. Anderson AD, McNaught CE, Jain PK, Mac-
Fie J. Randomised clinical trial of synbiotic
therapy in elective surgical patients. Gut
2004; 53:241–5.

22. Gu WJ, Wei CY, Yin RX. Lack of efficacy of
probiotics in preventing ventilator-associated
pneumonia probiotics for ventilator-associated
pneumonia: a systematic review and meta-

analysis of randomized controlled trials.
Chest 2012; 142:859–68.

23. Sadahiro S, Suzuki T, Tanaka A, et al. Com-
parison between oral antibiotics and probiot-
ics as bowel preparation for elective colon
cancer surgery to prevent infection: prospec-
tive randomized trial. Surgery 2014; 155:
493–503.

24. van Bekkum DW, Roodenburg J, Heidt PJ,
van der Waaij D. Mitigation of secondary
disease of allogeneic mouse radiation
chimeras by modification of the intestinal
microflora. J Natl Cancer Inst 1974; 52:
401–4.

25. Gerbitz A, Schultz M, Wilke A, et al. Probiot-
ic effects on experimental graft-versus-host
disease: let them eat yogurt. Blood 2004;
103:4365–7.

26. Mercadante AC, Perobelli SM, Alves AP, et al.
Oral combined therapy with probiotics and
alloantigen induces B cell-dependent long-
lasting specific tolerance. [Erratum appears
in J Immunol. 2014 Apr 15; 192(8):3990
Note: Azevedo, Vasco [added]]. J Immunol
2014; 192:1928–37.

27. Boyle RJ, Robins-Browne RM, TangML. Pro-
biotic use in clinical practice: what are the
risks? Am J Clin Nutr 2006; 83:1256–64;
quiz 1446–7.

28. Whelan K, Myers CE. Safety of probiotics in
patients receiving nutritional support: a sys-
tematic review of case reports, randomized
controlled trials, and nonrandomized trials.
Am J Clin Nutr 2010; 91:687–703.

29. Guarner F, Schaafsma GJ. Probiotics. Int J
Food Microbiol 1998; 39:237–8.

EDITORIAL COMMENTARY • CID • 3



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


