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ABSTRACT
Many HIV-infected individuals on antiretroviral therapy (ART) exhibit persistent systemic
inflammation, which predicts morbidity and mortality. ART-treated subjects concurrently exhibit
marked compositional alterations in the gut bacterial microbiota and the degree of dysbiosis
correlates with systemic inflammation. Whether interventions to modulate the microbiome can
affect systemic inflammation is unknown. An open-label fecal microbial transplantation (FMT) was
delivered by colonoscopy to asymptomatic HIV-infected ART-suppressed individuals without
antibiotic pre-treatment. Stool was assessed before and after FMT for engraftment of donor
microbes, and peripheral blood was assayed for immune activation biomarkers. Six participants
received FMT and 2 participants served as controls. No serious adverse effects occurred during
24 weeks of follow-up. At baseline, HIV-infected individuals exhibited microbiota profiles distinct
from uninfected donors. During the 8 weeks post-FMT, recipients demonstrated partial engraftment
of the donor microbiome (P < 0.05). Recipient microbiota remained significantly distant from
donors, unlike that observed following FMT for treatment of C. difficile infection. Systemic
inflammatory markers showed no significant change post-FMT. FMT was well-tolerated in ART-
treated, HIV-infected individuals. Engraftment was detectable but modest, and appeared to be
limited to specific bacterial taxa. Whether antibiotic conditioning can enhance engraftment and the
capacity of microbiota to modulate inflammation remains to be investigated.
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Introduction

HIV infection leads to the depletion of circulating and
tissue-resident CD4C T cells, with the earliest and most
dramatic depletion observed within the gut-associated
lymphoid tissue.1,2 In particular, HIV eliminates acti-
vated CD4C T cells and preferentially depletes the sub-
sets that produce IL-17 and IL-22 (Th17/22 cells).3 Since
IL-17 and IL-22 play an important role in maintaining
mucosal barrier integrity, containing microbial translo-
cation, and regulating the intestinal microbiome, their
loss in HIV infection may explain why microbial
translocation, systemic immune activation, and micro-
bial dysbiosis are all increased during HIV disease.4,5

We and others have previously shown that gut
microbiota dysbiosis is characteristic of untreated
HIV infection, and remains prevalent despite

treatment.6-13 Furthermore, the relative degree of
alteration in the gut microbiota positively correlates
with peripheral inflammatory markers such as IL-6
and the kynurenine pathway of tryptophan catabo-
lism,6 both of which have been linked to clinical out-
comes.14-16 Given the relationship between gut
microbiota and systemic inflammation,17 interven-
tions aimed at reconstituting the distal gut micro-
biome have the potential to interrupt chronic immune
activation.

Fecal microbiome transplantation (FMT) has
proven durable and successful as a therapeutic strategy
against gut dysbiosis, particularly in the treatment of
recurrent Clostridium difficile infection (CDI),18,19

whereas other interventions such as probiotics appear
to have more modest effects.20 It remains unknown
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whether donor microbial communities can success-
fully engraft in the recipients outside the setting of
CDI. FMT has an established record of safety with
limited adverse effects,18,21 even in the context of
immunocompromised and HIV-infected subjects.22,23

Given that FMT can restructure the composition of
the gut microbiome to resemble that of the healthy
donor in CDI subjects,24 we hypothesized that this
intervention might reverse gut microbial dysbiosis
and reduce markers of immune activation and
inflammation in ART-treated HIV-infected individu-
als. To test this possibility, we performed an open-
label interventional study to evaluate the ability of
FMT to reconstitute the gut microbiota and reduce
systemic inflammation in the treated HIV population.

Methods

Study subjects

Inclusion criteria
FMT and control participants were included if they
were older than 18 y of age, were on continuous ART
with full viral load suppression, and provided written
informed consent. While ART-suppressed HIV-
infected individuals with high CD4 counts may have
abnormally elevated biomarkers of inflammation,25,26

those with CD4C T cell counts less than 500 cells/
mm3 and CD4:CD8 ratios less than 1 tend to have
greater immune activation and gut barrier defects,27

and were preferentially targeted for recruitment. Con-
trols were recruited among HIV-infected individuals
on ART who were scheduled for routine screening
colonoscopy.

Exclusion criteria
Participants were excluded if the CD4C T cell count
was less than 200 cells/mm3 (as these individuals often
receive trimethoprim-sulfamethoxazole prophylaxis),
if they were pregnant, breastfeeding, or unwilling to
practice birth control during participation, or if they
had active gastrointestinal symptoms undergoing
investigation (e.g., inflammatory bowel disease,
abdominal pain, hematochezia, or other alarming
symptoms), recent hospitalization or acute medical
condition or antibiotics use within preceding
3 months, or severe co-morbidities (e.g., cirrhosis,
heart failure, renal failure, or respiratory failure). A
history of anaphylaxis or severe food allergies, major
immunosuppressive medications (e.g., calcineurin

inhibitors, exogenous glucocorticoids, biologic agents,
etc.), or systemic antineoplastic agents were additional
criteria for exclusion. At the screening visit, partici-
pant stool was screened and participants were
excluded if tested positive for: Clostridium difficile
toxin B gene, routine bacterial culture for enteric
pathogens (E. coli, Salmonella, Shigella, Yersinia,
Campylobacter), culture for Vibrio spp, Giardia anti-
gen, Cryptosporidium, acid-fast stain for Cyclospora
and Isospora, and microscopy for the detection of ova
and parasites.

Stool donors

OpenBiome (Somerville, MA) performed the donor
screen and supplied healthy donor stool samples.
Usage of the donor samples was approved by the FDA
via linking of our study to the OpenBiome Drug
Master File. In brief, donors were derived from volun-
teers who were carefully screened. Each was
thoroughly interviewed, had undergone a question-
naire using the Donor History Questionnaire (DHQ)
used in screening blood donors, and had received
laboratory testing of blood and stool according to
FDA guidelines provided for donors of human cells,28

tissues, and cellular and tissue-based products
(HCT/Ps) and recommendations by the Fecal
Microbiota Transplant Workgroup.29 All tests are
outsourced to third party Clinical Laboratory
Improvement Amendments (CLIA) certified testing
facilities. In addition, OpenBiome provided 16S rRNA
sequencing data for donor stool samples, from which
2 donors were selected that harbored microbial
signatures with low abundance of Proteobacteria and
high abundance of Bacteroidetes, with these 2 taxa
being specifically examined due to prior studies
linking their abundance to HIV infection.

Study visits

Study visits were scheduled for each participant before
(weeks -4, -2), at the time of (week 0), and after FMT
(weeks 1, 2, 4, 8, 24). During each visit, stool and
blood were collected, processed, and banked. Periph-
eral blood mononuclear cells (PBMCs) were separated
from blood plasma and cryopreserved while stool was
immedieately stored at ¡80�C. Control participants
provided stool samples before colonoscopy and at
weeks 1 and 8 following colonoscopy.
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Study procedure

Donor fecal material (FMP250, OpenBiome, Somerville,
MA) was stored at ¡20�C and thawed before use,
according to protocol.30 Participants underwent stan-
dard bowel purge (Golytely) the day preceding FMT
and the 250 mL stool suspension was introduced via
colonoscopy and delivered into the ileum, cecum, and
ascending colon. HIV-infected ART-treated control
participants underwent standard bowel purge the
preceding day and then colonoscopy, but did not
receive the donor stool suspension.

Study measurements

Microbiota analysis

Microbiota profiling was performed on samples from
donors, each FMT recipient, and control subjects.
DNA was extracted using a protocol optimized for the
isolation of bacterial DNA from feces.31 Universal 16S
rRNA primers that target the V4 hypervariable region
and bear unique dual-indexed barcode oligonucleotide
sequences32 were used with the Illumina MiSeq plat-
form to generate >92,000 high-quality paired-end 16S
rRNA reads/sample. QIIME software33 was used to
process 16S sequencing data and to collapse reads
with 97% sequence similarity into discrete operational
taxonomic units (OTUs) for microbial community
analyses using the Greengenes 13_5 database.

The same process was used to analyze publically
available stool microbiome profiling data from CDI
subjects before and after FMT.34 The referenced study
used the same primers targeting the V4 region of 16S
rRNA, making it highly comparable to the present
study. For analyses incorporating CDI data from the
referenced study, sample data from these samples and
the current study were concatenated before undergo-
ing quality filtration and OTU picking as described
above. Sample community profiles were rarefied to
10,000 reads per sample.

An unweighted UniFrac distance matrix,35 which
considers phylogenetic similarity of microbial com-
munities but not taxon relative abundances in the cal-
culation of between-sample ecological distances, was
constructed in QIIME to compare the microbiome of
FMT recipients over time to those of the donor sam-
ple.36 This permitted assessment of whether engraft-
ment of the donor microbiome is associated with a
phylogenetic shift in microbiota composition. For

each subject, the pairwise distance between 3 repli-
cates of the donor microbiota profile (donor replicate
samples obtained at each FMT procedure event) and
those of the recipient patient at all time points was cal-
culated. Mean distances were tested using a linear
mixed effects model to assess whether significant dif-
ferences in community composition existed before
and after FMT. Numbers of shared OTUs between
donors and recipients were also tested for significance
using linear mixed effects models. Control subjects
who provided stool samples pre- and post-colonos-
copy were examined for changes in the microbiota
that occur over time and changes that would be attrib-
utable to the laxative (e.g., Golytely).

The permutational multivariate analysis of variance
(PERMANOVA) approach37 designed for ecological
b-diversity distance matrices (generated using the
weighted UniFrac distance metric) and implemented
in the R package ‘adonis’ was used to test significance
of differences in microbial communities based on sub-
ject groups.

Peripheral blood assays

Plasma kynurenine to tryptophan ratios were mea-
sured using high performance liquid chromatogra-
phy/mass spectroscopy (LC/MS), and levels of the
innate immune activation marker IL-6 or sCD14 using
standard ELISA kits, as per established methods.3

The level of T cell activation and immunopheno-
typing were measured by flow cytometry. Frozen
PBMCs were thawed and counted for batched
analysis. Two million cells per sample were stained as
follows: CD3-BV650 (SK7, BD Biosciences, San Jose,
CA), CD4-BV711 (OKT4, BioLegend, San Diego,
CA), CD8a-APC-R700 (RPA-T8, BD), CD45RA-
APC-Cy7 (HI100, BioLegend), CCR7-BV785
(G043H7, BioLegend), CD27-BV570 (O323, BioLe-
gend), HLA-DR-PE-Cy7 (G46–6, BD), CD38-FITC
(HIT2), TCR Va7.2-BV421 (3C10. A viability dye
(eF506, Affymetrix, Santa Clara, CA) and dump gates
(CD14-BV510 M5E2, CD19-BV510 HIB19, BioLe-
gend) were used, and samples were fixed using 1%
paraformaldehyde in phosphate buffered saline.
Gating for positive populations were established based
on FMO (fluorescence minus one) controls. Flow
cytometry was done using an LSRII (BD) and data
were analyzed using FlowJo 10.1 (Treestar, Ashland,
OR). Statistical tests were completed using linear
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mixed effects modeling to account for the longitudinal
study design and intra-individual co-variance, as
implemented in the R package ‘lme4’.

Regulatory approval

The proposal was been approved by the FDA (IND #:
15926) and UCSF IRB (13–12675), and registered at
ClinicalTrials.gov (NCT02256592). The safety moni-
toring board comprised of clinical trial investigators
met regularly for this study.

Results

Participant characteristics

Nine individuals were screened and 6 were enrolled for
FMT (Fig. 1). All enrolled FMT participants were men,
with a median age of 61 (range 31–72), a median
CD4C T cell count of 431 (range 357–835), and a
median CD4 to CD8 ratio of 0.44 (range 0.33–1.36, see
Table 1 for detailed cohort characteristics). None of the
6 recipients had serious adverse effects post-FMT
(follow-up 24 weeks). One of the control participants
was female and the other was African-American.

Healthy donor gut microbiomes differ from
HIV-infected recipients

At baseline before FMT, HIV-infected individuals
exhibited microbiota profiles that were distinct from

uninfected donors (PERMANOVA test P D 0.043,
R2 D 0.253). Numerous taxa differed in abundance
between uninfected donors and recipients before
FMT. Notably, HIV-infected recipients exhibited an
enrichment of Prevotella (P D 0.035) and a decreased
abundance of Bacteroides (P D 0.020) as well as a
trend toward decreased Faecalibacterium abundance
(P D 0.07, Supplemental Figure 1a and 1b), which is
consistent with prior reports comparing the HIV-
infected gut microbiota to uninfected subjects.6-13

HIV-infected FMT recipient microbiota shift
toward donor profiles

Bacterial community sequence analyses were per-
formed using quantifications of b diversity, which
assess compositional differences between pairs of
ecological communities. The unweighted UniFrac b

diversity metric, which measures similarity among
communities by examining phylogenetic relationships
of taxa within both samples, was selected for analyses,
as it performed best in classifying donor replicates as
belonging to their respective grouping via the
PERMANOVA test (Supplemental Table 1).
Unweighted UniFrac distances between the paired
donor microbiota and each recipient microbiota
profile generated from samples collected pre- and
post-FMT were calculated. The calculated UniFrac
distance between donor and recipient pairs decreased

Figure 1. Flow diagram for recruitment of study participants. FMT, fecal microbiome transplant.
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following FMT, indicating that that the fecal micro-
biota of FMT recipients became significantly more
similar to that of the donor (Fig. 2A). In comparison,
control subjects who underwent bowel lavage and
colonoscopy alone showed no significant change with
respect to their microbial compositional similarity to
that of the donor microbial community. The composi-
tional relatedness between donors and recipients were
most significant at weeks 2 and 4 (P < 0.01) following
FMT and less so at week 8 (P D 0.04). Canberra b

diversity distances, which measure community simi-
larity by examining numbers of shared taxa between
samples, were also calculated and similarly exhibited
significant shift toward donor profiles after FMT
(Supplemental Figure 2). Furthermore, proportions of
shared OTUs between donor and recipient microbiota
profiles also increased following FMT (P D 0.0019,
Fig. 2B). To understand which specific bacterial taxa
contributed to this increase in similarity with the
donors, we examined differences in all microbial gen-
era before and after FMT. No changes were significant

in this small cohort following adjustment for false
discovery rates (Supplemental Table 3). However,
nominal increases in Faecalibacterium and Rikenella-
ceae, and decreases in Erysipelotrichaceae were
observed in recipients post-FMT (Fig. 3, Supplemental
Table 3), taxa that have been found to exhibit consis-
tent abundance shifts in HIV-infected subjects by
prior reports.6-13

Shifts toward donor microbiome profiles are modest
in comparison to those observed in recurrent C.
difficile infection

Ordination of microbiota profiles for HIV-infected
recipients and uninfected donors was performed using
principal coordinate analysis in conjunction with the
unweighted UniFrac distance metric, which showed a
retention of intra-individual clustering post-FMT in
recipients with modest shifts toward respective donor
microbiota compositions (Fig. 4A). Furthermore,
microbiota profiles of recipients post-FMT remained
significantly different from each of their donors by
PERMANOVA (P < 0.05, Supplemental Table 2),
suggesting an incomplete change in the recipient
microbiome and a lack of full FMT engraftment.

As CDI is the main current indication for which
FMT is performed clinically, we compared levels of
engraftment in that state in a prior study34 to our
current pilot trial in HIV-infected subjects.
Significantly greater compositional shift in affected
CDI recipients toward the donor community was

Table 1. Characteristics of the study participants.

FMT ID Age Gender Race
CD4 count
(cells/mL)

CD8 count
(cells/mL) CD4/8 ratio

Yes 1713 31 Male White 463 1393 0.34
Yes 2112 61 Male White 835 613 1.34
Yes 2150 53 Male White 431 532 0.79
Yes 2294 70 Male White 357 819 0.44
Yes 2356 72 Male White 401 1027 0.39
Yes 3164 69 Male White 622 1122 0.56
No 2447 57 Female White 815 927 0.88
No 2558 71 Male Black 257 301 0.85

Figure 2. Change in UniFrac distance over time in recipients and controls relative to donors. A) Significant shifts in the microbiome
occur and persist post-FMT, but are diminished by week 8. Statistical significance of change in ecological distance to donor profiles
before FMT as compared with after FMT was assessed statistically using linear mixed effects modeling. Control subjects (pink dotted
line, average of 2 subjects) exhibited no significant changes in their microbiome relative to donors before and after colonoscopy. B) Pro-
portions of shared OTUs between each recipient profile and its respective donor were calculated and plotted across time. Linear mixed
effects was used to assess significance of difference in shared OTU proportions pre and post-FMT (P D 0.0019).
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Figure 3. Changes in relative abundance of key gut-resident bacterial genera after FMT. Selected genera shown are Faecalibacterium, an
unclassified Rikenellaceae family member genus, and the Bulleidia genus within the Erysipelotrichaceae family (��, P D 0.005; y,
P < 0.10). FMT, fecal microbiome transplant.

Figure 4. Microbiome shifts much more pronounced in recurrent C. difficile infection (CDI) subjects than in HIV-infected subjects post-
FMT. A) Principal coordinate analysis (PCoA) representing triplicate donor microbiota profiles and HIV-infected recipient microbiota com-
munity dynamics pre- and post-FMT was generated using the Unweighted Unifrac distance metric. After FMT, recipient microbiota pro-
files remain distinct from the donors. Points outlined in black are post-FMT time points, and shapes of recipient points reflect which
donor material was infused by FMT (Donor 01, circles; Donor 37, triangles), while control subjects that received only bowel lavage over
the same time period are shown as squares. Lines connect subject sample time points in a temporally linear fashion. B) Unweighted Uni-
Frac distances were calculated as in Figure. 2 between each recipient stool microbiota profile time point and its respective donor, using
data in the current study for HIV-infected subjects and the study by Weingarden et al. for CDI subjects. C) a diversity was calculated
using the Faith’s Phylogenetic Diversity metric for each sample in each category shown. D) PCoA plot of data from recurrent CDI subjects
given FMT by Khoruts et al.24 reveals that CDI subjects differ greatly from donor samples pre-FMT and cluster closely with donor samples
post-FMT. E) PCoA plot of data from recurrent CDI subjects given FMT24 and samples from the current study in HIV-infected subjects
shows that movement of the microbiome toward the donor samples is much more dramatic for CDI subjects than for HIV-infected sub-
jects as quantified discretely in panel B.

GUT MICROBES 445



observed as compared with HIV-infected subjects
using unweighted UniFrac b diversity distances as
used above (Fig. 4B). Furthermore, a significant
increase in a diversity (defined as numbers of
observed unique taxa and their evenness of abundance
distribution) was seen in CDI subjects after FMT,
which was not observed in our HIV-infected subjects
post-FMT (Fig. 4C). Principal coordinates ordination
also revealed a more dramatic shift toward donor pro-
files for CDI subjects than for HIV-infected subjects
undergoing FMT (Fig. 4D).

Markers of HIV-associated inflammation remain
stable after FMT

Markers of immune activation were assessed across
time, and no trends were evident in changes in the
expression of the activation markers CD38 and HLA-
DR on CD8C T cells, activity of the inflammation-
associated indoleamine 2,3-dioxygenase pathway as
measured by plasma ratios of kynurenine to trypto-
phan, or in plasma levels of the innate immune activa-
tion marker IL-6 or sCD14 (Supplemental Figure 3).
A nominal decrease in expression of the immune
exhaustion-associated marker PD-1 on CD8C T cells
was observed though this did not meet statistical sig-
nificance (P D 0.07, Benjamini-Hochberg false discov-
ery rate Q D 0.29, Supplemental Figure 3).

Discussion

Ongoing inflammation and immune activation persist
in HIV-infected subjects despite optimal antiretroviral
therapy, and markers of this inflammation remain
among the strongest predictors of morbidity and mor-
tality in treated HIV-infected subjects.14,38 Accord-
ingly, identification of the etiology of this
inflammation as well as development of novel strate-
gies to mitigate inflammation are a high biomedical
priority. Our prior work established a novel link
between the altered gut microbiome in treated HIV
infection and systemic markers of inflammation
including the kynurenine pathway.6 Whether the gut
microbiota causally contributes to chronic inflamma-
tion in treated HIV infection remains poorly under-
stood. Methods to alter the gut microbiota in the form
of fecal microbiome transplantation present an experi-
mental tool that has been found to be safe and effec-
tive for the reversion of the dysbiotic inflammatory
condition of recurrent Clostridium difficile infection.

Here, we present evidence that a single introduction
of fecal microbiome transplantation via colonoscopy
can result in a modest degree of microbial engraftment
into HIV-infected, ART-suppressed recipients. Within
recipients, specific taxa that trended toward relative
abundances found in the microbiota of the donors
included Faecalibacterium, Rikenellaceae, and Erysipe-
lotrichaceae. Though a statistically significant shift in
overall community composition to donor profiles was
observed in recipients following FMT, shifts in indi-
vidual taxa were not significant after false discovery
rate correction, likely due to the inter-individual het-
erogeneity as well as the very small number of subjects
in this study. Furthermore, the immune profile was
largely unchanged post-FMT and the nominal
decrease in PD-1 expression on CD8 T cells in the
context of multiple immune markers is likely attribut-
able to false discovery.

While microbial engraftment was measurable in
our study, the degree of engraftment did not resemble
that observed in the treatment of recurrent Clostrid-
ium difficile infection (CDI), and was not seen in all
subjects. In the setting of CDI, engraftment of donor
stool was found to be significantly greater in magni-
tude than that in our HIV-infected subjects. A puta-
tive explanation for the modest engraftment in our
study could be the vastly decreased a diversity seen in
CDI as compared with healthy and HIV-infected sub-
jects. A prominent macroecological phenomenon is
“resilience in diversity,” in which a diverse community
(defined by the richness and evenness of component
member distribution) has greater capacity to restore
its microbial composition after stress than one that is
less ecologically diverse.39 Thus, the uniform and phy-
logenetically restricted community present during
recurrent CDI may be susceptible to engraftment by
the diverse donor microbial community. Another pos-
sible contributor for why CDI subjects experience
more complete engraftment after FMT is that patients
with recurrent CDI are invariably treated with antibi-
otics before FMT,18,40 and such antibiotic condition-
ing will destabilize the existing microbial community,
promoting engraftment of another community.
Indeed, the subject that experienced greatest engraft-
ment by the 2 metrics used herein also had the greatest
magnitude of microbiome change in the 2 time points
before FMT, suggesting the subject’s microbiome was
less stable over time than the microbial communities
of the other participants and perhaps more susceptible
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to engraftment of exogenously introduced microbes.
Such ecological instability as introduced by the
stressor of antibiotic-mediated microbiota disruption
may augment engraftment of donor microbes during
FMT procedures. However, studies in mice suggest
that antibiotics may instead drive a microbiome shift
according to the spectrum of the given antibiotic.41

Alternatively, coprophagic behavior in mice42 and
repeated exposure to FMT in several ulcerative colitis
trials43,44 can override the stability of one community
by another, suggesting the importance of repeated
inoculation in the absence of antibiotics. Efforts to
understand the factors that stabilize or destabilize a
microbial community will inform future interventions
that attempt to introduce a consortium of microbes
into the gastrointestinal tract.

We nevertheless observed changes in abundance of
several taxa that have been previously reported to be
altered in abundance in HIV-infected subjects as com-
pared with healthy controls, including Faecalibacterium
and Rikenellaceae, which are depleted in HIV, and Ery-
sipelotrichaceae, which have been observed as being
enriched in HIV.6-10,45,46 Notably, Erysipelotrichaceae
exhibited an apparent modest depletion after FMT and
Faecalibacterium and Rikenellaceae were increased after
FMT in our pilot study. Intriguingly, the only subject
not to exhibit an increase in Faecalibacterium post-
FMT was the only subject not to exhibit a decrease in
PD-1 expression on CD8C T cells, consistent with the
hypothesis that this clade of gut-resident bacteria may
modulate systemic immune activation. Depletion of
Faecalibacterium has been linked with inflammatory
bowel disease in numerous studies and meta-analy-
ses,47-50 and has been shown to exert anti-inflammatory
effects in murine experimental colitis.47 Thus, an
increased abundance of this bacterium in the gut may
contribute to restoration of immune homeostasis in
multiple gastrointestinal disease states, highlighting the
potential for FMT as a therapeutic intervention in set-
tings outside of HIV (and CDI).

Other taxa notably altered in HIV did not exhibit
any changes in abundance as a result of FMT, includ-
ing Bacteroides, which is decreased in abundance in
HIV-infected individuals, Proteobacteria members of
the Enterobacteriaceae family, which are more abun-
dant in HIV infection. Prevotella was enriched in
HIV-infected recipients as compared with donors, but
did not change in abundance after FMT. This genus
has been recently observed to associate with

behavioral factors and not HIV status,51 suggesting
that this clade of bacteria may not be causally related
to HIV-associated inflammation. However, Bacter-
oides and Enterobacteriaceae may be important taxa
that modulate gut mucosal immune homeostasis in
HIV infection, as several gut-resident Enterobacteria-
ceae members have been shown causally to induce
chronic inflammation,52-54 and Bacteroides members
are associated with restricting immune activation in
mouse models.55 Thus, strategies to increase engraft-
ment of donor stool during FMT may alter abundance
of the various aforementioned taxa in the gut micro-
bial community, and may in turn produce improve-
ments in markers of chronic inflammation.

FMT has been reported to be safe, with few
reported adverse effects including patients who may
be immunocompromised, such as HIV-infected and
bone marrow transplant recipients.22,23 Although we
excluded those who have CD4 counts less than 200
cells/mL and those who have untreated HIV infection,
our study provides further information about the
safety of this procedure. Several individuals who par-
ticipated in our study experienced longstanding and
idiopathic chronic loose stools. Anecdotally, several of
these participants reported that they felt FMT
improved the odor of their stool, improved stool form
on the Bristol-Stool scale, and would repeat the proce-
dure again because of the subjective health benefits.

In summary, FMT was well tolerated in ART-
treated HIV-infected individuals. Engraftment was
detectable though modest, and appeared to be limited
to specific bacterial taxa. In light of successful engraft-
ment during CDI, a protocol mimicking CDI treat-
ment, where antibiotic conditioning occurs before
FMT, would appear to be warranted. Given the associ-
ation between specific microbial taxa and systemic
inflammation, efforts to enhance engraftment and dis-
place pro-inflammatory microbes may lead to reduc-
tion in systemic inflammation, thereby reducing
excess morbidity and mortality observed during
chronic HIV-infection.
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