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ABSTRACT

Introduction: Increased diversity of the
intestinal microbiome has been significantly
associated with lower mortality after
hematopoietic stem cell transplant (HSCT).
Probiotics, such as Lactobacillus species with
defined probiotic potential, may have beneficial
properties including restoration of commensal
species to the intestinal tract, anti-microbial
effects, and healing of the intestinal mucosa.
However, the use of probiotics in immune-
compromised patients raises concerns, specifi-
cally regarding the risk for possible Lactobacillus
bacteremia. Risk of bacteremia is an even greater
concern in HSCT patients with breakdown of
mucosal barriers, specifically patients with
Clostridium difficile infection (CDI) or gastroin-
testinal graft-versus-host disease (GVHD). Min-
imal data have been reported on the safety of
probiotics in these high-risk HSCT populations.
Methods: We performed a retrospective study
of allogeneic HSCT recipients at our institution
between 2011 and 2016, and identified 14
patients (median age 7 years) prescribed
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probiotics, 10 of whom received probiotics prior
to day 100 after HSCT.

Results: Eight of ten patients were diagnosed
with acute GVHD, four of whom (40%) specifi-
cally had acute GVHD involving the gastroin-
testinal tract. Five patients (50%) on probiotics
prior to day 100 were diagnosed with CDI
(median onset at day 13 post-transplant). There
were no cases of Lactobacillus bacteremia,
including in patients with GVHD or CDI.
Conclusion: This small case series supports the
safe use of probiotics in a high-risk population
of pediatric HSCT patients with compromised
intestinal mucosal integrity. Further studies are
needed to determine if probiotics have benefit
in preventing and treating gastrointestinal
GVHD or CDIL
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INTRODUCTION

The intestinal microbiome has critical functions
in maintaining the immunological barrier of
the gastrointestinal (GI) tract. Alterations in
intestinal diversity result in pathogen colo-
nization, mucosal invasion, and changes in
systemic immune function. Probiotics are
nutritional supplements  that  contain
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microorganisms with ostensible benefits in
helping to restore GI flora.

Patients undergoing hematopoietic stem cell
transplant (HSCT) have significant insults to
their GI tract, including chemotherapy-induced
mucositis, GI graft-versus-host disease (GVHD),
Clostridium  difficile infection (CDI), and
immune suppression. These insults can perturb
microbial diversity, impair mucosal integrity,
and alter mucosal immune barriers, contribut-
ing to bacteremia and other complications post-
HSCT. Decreased diversity of the intestinal
microbiome has been identified as an indepen-
dent risk factor for increased mortality after
HSCT [1].

Administration of probiotics, such as Lacto-
bacillus species with defined probiotic potential,
restores commensal flora to the intestinal tract
and has been shown to promote regrowth of
beneficial species, thereby improving diversity
of the intestinal microbiome [2]. Lactobacillus
species have also been shown to have anti-in-
flammatory effects and to restore integrity of
the intestinal epithelial lining in vitro [3, 4].
Based on these properties, it has been postu-
lated that probiotics could benefit patients after
HSCT by minimizing infection, promoting
mucosal healing, and preventing GVHD. How-
ever, the use of probiotics in immune-compro-
mised patients raises concerns for possible risk
of Lactobacillus bacteremia due to bacterial
translocation [5]. A recent report demonstrated
the safety and feasibility of administering Lac-
tobacillus plantarum in pediatric patients under-
going HSCT. However, this study only
prescribed probiotics through the first 14 days
post-transplant [6]. In contrast, Cohen et al.
found that the highest incidence rate of Lacto-
bacillus bacteremia was in the first 100 days
following HSCT, likely due to peak immuno-
suppression and mucosal disruption [7]. After
HSCT, GVHD or GI tract infections due to
pathogens, such as C. difficile, may alter muco-
sal barriers and affect the safety of probiotic use.
These previous studies did not address the safety
of probiotics in such high-risk post-HSCT
populations.

We reviewed our institutional experience
using probiotics in a cohort of pediatric patients
with GVHD and CDI post-HSCT. Our aim was to

determine the safety of probiotic use, specifi-
cally the incidence of probiotic-associated bac-
teremia, in pediatric HSCT recipients with
significant insults to their intestinal mucosa.

METHODS

We performed a single-center retrospective
study of pediatric allogeneic HSCT recipients
between 2011 and 2016. All patients prescribed
probiotics (Lactobacillus rhamnosus GG) were
included in the retrospective review (Table 1).
Doses varied from one capsule or packet daily to
two packets four times daily. All doses of pro-
biotics were administered orally. Electronic
medical records were reviewed to determine
preparative and immunosuppressive medica-
tion regimens, occurrences of acute GVHD
(within 100 days of transplant), documented
bloodstream infections, and documented GI
infections, including CDI. All procedures per-
formed in studies involving human participants
were in accordance with the ethical standards of
the Washington University in St. Louis Institu-
tional Review Board (IRB# 201705120) and with
the 1964 Helsinki declaration and its later
amendments or comparable ethical standards.
The need for informed consent was waived due
to the retrospective nature and the minimal risk
of the study.

RESULTS

During the study period, probiotics were pre-
scribed in 15 patients and a total of 16 trans-
plants (1 patient was transplanted twice and
received probiotics during both post-transplant
periods). One patient was lost to follow-up prior
to day 100 and was therefore not included in
subsequent analysis. Indications for transplant
included both malignant (n = 7) and non-ma-
lignant (n = 7) disorders. A majority of patients
(60%) received myeloablative conditioning, and
most transplants (60%) were performed using
mismatched, unrelated donors (Table 1).

The median time for initiating probiotics was
60 days post-transplant (range 38 days prior to
transplant to 251 days after; Table 2). Probiotic
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Table 1 Patient characteristics and treatment regimens

Patient characteritics

Treatment
regimes

Age at enrollment (years)
Median (range)

Gender
Boys
Girls

Race
African American
White

Diagnosis
Malignant
Non-malignant

Donor
Matched related donor
Matched unrelated donor
Cord blood

Preparative regimen
Mpyeloablative
Reduced intensity conditioning
None

GVHD prophylactic regimens®
Containing tacrolimus
Containing methotrexate

Containing systemic

corticosteroids

Containing mycophenolate mofetil

Containing cyclosporine

7.0 years (1.2-18.8)

7 (50%)
7 (50%)

5 (36%)
9 (64%)

7 (50%)
7 (50%)
15 total transplants
4 (27%)
9 (60%)
2 (13%)

9 (60%)
5 (33%)
1 (7%)

12
11

* Graft-versus-host disease

prescriptions were written for an average of

32 days (range 2-203 days). Ten patients were
started on probiotics prior to day 100. Of these,
eight patients (80%) were diagnosed with acute
GVHD prior to day 100 of whom four had acute

Table 2 Probiotic therapy, bloodstream infections, stool

infections, and GVHD?

Probiotic therapy

Details of
treatments

Median initiation of probiotics

Timing of initiation of probiotics

Started prior to transplant

Started < 100 days after

transplant

Started > 100 days after

transplant

Lactobacillus bacteremia after

probiotics initiated
Non-lactobacillus bacteremia

Streptococcus oralis

Staphylococcus epidermidis

Staphylococcus aurens (MSSA)®

Escherichia coli

Enterobacter cloacae

Clostridium difficile infection by
day 100

Median day of positive stool

antigen

Stool pathogen identified by day 100

Other bacteria
Norovirus
Adenovirus
Ova and parasites
GVHD? by day 100
GI tract
Stage 3
Stage 4
Uncharacterized

Skin

60 days post-

transplant

(range — 38
to + 251 days)

2 Transplants
8 Transplants

5 Transplants
0 (0%)

5/15 (33%)
1
1
1
1
1
8/15 (53%)

Day + 13 (range
3-55)

0/15

2/15

0/15

0/15

12/15 (80%)
.

1

4
2
7
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Table 2 continued

Probiotic therapy Details of
treatments
Stage 2 1
Stage 3 3
Uncharacterized 3
Liver
Stage 1 1
Uncharacterized 3

* Graft-versus-host disease
b Methicillin-susceptible Szaphylocccus aureus

GI GVHD (Table 3). Probiotics were adminis-
tered after the diagnosis of acute GI GVHD in
two of four patients. Of the ten patients started
on probiotics prior to day 100, five (50%) were
diagnosed with CDI prior to day 100 (Table 3).
The median time to identification of C. difficile
in these patients was 13 days post-HSCT (range
days 3-55). Two patients (20%) had both acute

GI GVHD and C. difficile colitis. Probiotics were
administered after the diagnosis of CDI in four
of five patients. One patient was diagnosed with
CDI after day 100. Of the five patients with CDI
diagnosed prior to day 100 who were also star-
ted on probiotics prior to day 100, three
received oral courses of metronidazole for
10 days, one received oral vancomycin for
10 days, and one received both oral metron-
idazole and vancomycin (20 days total). All
patients had resolution of CDI based on symp-
toms and stool toxin assays.

Bloodstream infections were documented in
five patients during the first 100 days post-
transplant (Table 2). Organisms included Strep-
tococcus oralis, Staphylococcus epidermidis, Sta-
phylococcus aureus (MSSA), Escherichia coli, and
Enterobacter cloacae. None of these infections
occurred while the patients were on probiotics.
No cases of bacteremia with Lactobacillus species
were identified in any patients on probiotics,
including those started after day 100. There
were no adverse events in this cohort attributed
to probiotic use.

Table 3 Patients started on probiotics prior to day 100 with C. difficile and/or GI GVHD?

Patient Day probiotic = Day CDI Day GI aGVHD Grade of GI  Days from CDI/GVHD to
initiated” diagnosedb diagnosedb aGVHD probiotic initiation®
CDI alone
1 + 17 +9 N/A N/A 8
2 + 43 +3 N/A N/A 40
3 + 53 + 13 N/A N/A 40
GI aGVHD alone
4 + 32 N/A + 64 32
5 + 91 N/A + 14 4 77
CDI + GI aGVHD
6 -1 + 34 + 37 4 35
7 + 60 + 55 + 43 4 17

* Graft-versus-host disease

® Day is relative to when transplant performed (e.g, day + 7 is 7 days after HSCT)
¢ For patients with both CDI and GVHD, the first condition diagnosed is used for the calculation

A\ Adis



Infect Dis Ther (2019) 8:301-306

305

DISCUSSION

Probiotic supplementation has been reported to
have potential benefits in the treatment and
prevention of CDI, antibiotic-associated diar-
rhea and inflammatory bowel disease [8-10].
These findings raise the question of whether
probiotics may also be beneficial in patients
undergoing HSCT who suffer from significant
GI complications. Indeed, increasing evidence
supports a role for dysregulation of the intesti-
nal microbiome in development of complica-
tions after HSCT [11-13]. In mouse models,
Lactobacillus supplementation prior to HSCT
decreases the severity and the lethality of GVHD
[14, 15]. Whether probiotic administration
could have similar benefits in pediatric HSCT
patients has not been investigated. An impedi-
ment to these studies is concern for possible
probiotic-associated bacteremia given the
immunocompromised state of these patients.

In this study, we report on the use of probi-
otics in a high-risk population of pediatric
patients post-HSCT. Although probiotics have
been previously reported as safe in the setting of
HSCT, these studies have not clearly addressed
whether probiotics can be used safely in
patients with compromised GI mucosal barriers,
which can occur with CDI or GI GVHD. In a
prospective study, Ladas et al. reported no Lac-
tobacillus bacteremia in pediatric patients
administered Lactobacillus plantarum during
conditioning and post-transplant neutropenic
period (day — 8 through day + 14). They report
a 20% incidence of CDI by day 28 and a 23%
incidence of GVHD by day 100 [7]. However, it
is not evident whether either of these clinical
states were present during the period of probi-
otic therapy. A retrospective report by Cohen
et al. identified infrequent occurrence (0.5%
incidence) of bloodstream infections with pro-
biotic organisms in a large population of post-
HSCT patients [6]. Due to the retrospective
study design, it was not possible to determine
whether the patients with positive blood cul-
tures were on probiotics or had concomitant
CDI or GI GVHD.

In our study, 70% of patients started on
probiotics prior to day 100 developed CDI, GI

GVHD or both by day 100. The higher rate of
acute GVHD in this study likely reflects a bias
for initiation of probiotics in patients who
developed GVHD or had GI infections. Indeed,
in all but one case, probiotics were initiated
subsequent to the first CDI (Table 3). This may
represent an attempt to modulate the intestinal
microbiome when patients are most susceptible
to infection due to immune suppression and
disruption of the intestinal lining. Despite the
altered GI microbiome and decreased mucosal
integrity associated with CDI and GI GVHD, no
patients developed bloodstream infections with
Lactobacillus or other probiotic organisms.

Our single-center study is limited by the
small patient population and the retrospective
nature of the analysis. Despite these limitations,
the absence of complications attributed to the
probiotics is consistent with previous reports.

CONCLUSIONS

Our data contribute to the growing body of lit-
erature supporting the safety of probiotic use in
high-risk pediatric patients with GI infections
and GI GVHD during the post-HSCT period.
Ongoing and future clinical trials will inform
whether use of probiotics reduces the incidence
or severity of GI GVHD or CDI and confirm the
safety of this practice.
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