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Background. Rifaximin, a nonabsorbable antibiotic that decreases lipopolysaccharide (LPS) in cirrhotics, may
decrease the elevated levels of microbial translocation, T-cell activation and inflammation in human immunodefi-
ciency virus (HIV)-positive immune nonresponders to antiretroviral therapy (ART).

Methods. HIV-positive adults receivingART for≥96weeks with undetectable viremia for≥48weeks andCD4+ T-cell
counts <350 cells/mm3 were randomized 2:1 to rifaximin versus no study treatment for 4 weeks. T-cell activation, LPS, and
soluble CD14weremeasured at baseline and atweeks 2, 4, and 8.Wilcoxon rank sum tests compared changes between arms.

Results. Compared with no study treatment (n = 22), rifaximin (n = 43) usewas associated with a significant difference
between study arms in the change frombaseline toweek 4 for CD8+T-cell activation (median change, 0.0%with rifaximin vs
+0.6%withno treatment;P = .03). This differencewas drivenbyan increase in theno-study-treatment armbecause therewas
no significant change within the rifaximin arm. Similarly, although therewere significant differences between study arms in
change from baseline to week 2 for LPS and soluble CD14, there were no significant changes within the rifaximin arm.

Conclusions. In immune nonresponders to ART, rifaximinminimally affectedmicrobial translocation andCD8+T-cell
activation.

Trial registration number. NCT01466595.

Keywords. HIV; immune nonresponders to ART; microbial translocation; immune activation; inflammation;
rifaximin.

Immune activation plays a central role in human immu-
nodeficiency virus (HIV) pathogenesis. The frequency

of activated CD8+ T cells, as defined by the up-regulation
of HLA-DR and CD38 on the cell surface, predicts dis-
ease progression in untreated HIV-positive persons [1]
and a CD4+ T-cell increase with antiretroviral treatment
(ART) [2, 3]. ART leads to a decline in immune activa-
tion in most HIV-infected patients, yet levels of activa-
tion do not normalize in most individuals [4, 5].
Moreover, up to 25% of individuals starting ART fail
to achieve CD4+ T-cell counts >350 cells/mm3 even
after 2 years of virally suppressive treatment, and these
patients have higher levels (percentages) of activated
(HLA-DR+CD38+) CD8+ T cells than patients with bet-
ter immune restoration [6]. A 5% increase in activated
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CD8+ T cells is associated with 35 fewer CD4+ T cells gained
during ART [2]. Incomplete immune recovery with ART is
also associated with increased mortality, opportunistic infec-
tions, and cardiovascular disease and malignancies [7, 8].

Many mechanisms have been proposed to account for the el-
evated levels of immune activation, including the direct effects
of HIV, the effects of coinfections such as cytomegalovirus, loss
of normal immunoregulatory responses, and HIV-mediated
destruction of mucosal barriers with chronic systemic exposure
to gut microbial elements. HIV-infected individuals sustain a
rapid and profound depletion of gut mucosal CD4+ T cells as
early as a few days after infection [9]. These changes lead to
defects in mucosal immune and epithelial barrier function
that allows the translocation of gut microbial products, such
as lipopolysaccharide (LPS) [10]; LPS levels are elevated in the
plasma of HIV-infected individuals and associated with in-
creased levels of immune activation [10]. ART does not fully
reverse the deficits in gut mucosal CD4+ T cells [11, 12], and
both the levels of gut microbial translocation and immune acti-
vation predict the extent of immune reconstitution with ART
[6, 13]. Taken together, these data support a model that attri-
butes CD4+ T-cell loss to activation driven partly by translocat-
ed gut microbial products. In addition, LPS levels are associated
with risk of myocardial infarction [14], whereas levels of soluble
CD14 (sCD14), another marker for microbial translocation, are
associated with mortality in treated HIV-positive persons [15].

Antibiotics have been used in simian immunodeficiency
virus-infected macaques to decrease plasma LPS levels, albeit
transiently [10]. Rifaximin, a nonabsorbed oral antibiotic used
to improve symptoms of hepatic encephalopathy in patients
with cirrhosis, has also been shown to reduce plasma LPS levels.
The administration of 28 days of 1200 mg/d of rifaximin led to a
50% decline in plasma LPS levels in alcoholic cirrhotics [16]. In
addition, the use of rifaximin has been shown to be safe in
alcoholic cirrhotics.

We conducted AIDS Clinical Trials Group (ACTG) protocol
A5286, a multicenter randomized, open-label pilot study of 4
weeks of treatment with rifaximin versus no study treatment
in ART-treated HIV-infected subjects with incomplete immune
recovery. We hypothesized that rifaximin use would be safe and
would reduce gut microbial translocation and, consequently,
would lower immune activation levels in HIV-infected subjects
with incomplete CD4+ T-cell recovery during ART.

METHODS

Study Subjects and Design
Institutional review board approval was obtained by each ACTG
site. Subjects provided written informed consent and included
HIV-infected subjects aged 18–65 years who were receiving
ART for ≥96 weeks before study entry, had plasma HIV RNA
levels below the limit of detection for ≥48 weeks before study

entry, and had screening CD4+ T-cell counts <350 cells/mm3.
They were randomized 2:1 to treatment with rifaximin (550
mg by mouth twice daily for 4 weeks) or to no study treatment.
Patients with a history of inflammatory bowel disease, Clostrid-
ium difficile colitis, or chronic liver disease; recent or current use
of antimicrobials (except prophylaxis of opportunistic infec-
tions), immune modulator, or probiotic treatment (including
probiotic yoghurt); active diarrhea; or active substance abuse
were excluded. Fasting blood samples were collected at preentry,
entry, and weeks 2, 4, and 8 after entry to measure markers of
cellular activation, inflammation, gut microbial translocation,
and coagulation. Safety and medication adherence assessments
were performed at postentry visits. Cryopreserved blood sam-
ples from 20 age-matched HIV-negative men from the Multi-
center AIDS Cohort Study were assayed for biomarker levels
and served as controls.

Flow Cytometry
Characterization of T-cell activation and proliferation were per-
formed in batch by multicolor flow cytometry on cryopreserved
peripheral blood mononuclear cells. Frozen peripheral blood
mononuclear cells were removed from liquid nitrogen storage
and thawed rapidly in a 37°C water bath, washed in phos-
phate-buffered saline, and stained immediately. The cells were
stained for cell viability with Aqua Live/Dead cell stain kit (In-
vitrogen) before cell surface staining. Cell surface markers were
stained with the following antibodies: CD3 v450, CD8 APC-H7,
HLA-DR PE, CD38 APC (all BD Biosciences), and CD4 PE-
Texas Red (Invitrogen). Samples were then permeabilized (BD
Biosciences) and stained for Ki-67 AF700. After staining, all
cells were fixed in 1% formaldehyde and analyzed within 24
hours on a LSR2 flow cytometer (BD) using FACS Diva soft-
ware v6.1.1. Analysis of flow cytometry data was performed
by a single technician using FlowJo software (Tree Star).

Soluble Markers
To evaluate markers of microbial translocation and monocyte
activation, frozen serum samples were thawed and analyzed in
batches. Serum concentrations of LPS and sCD14 were quanti-
fied using the Limulus Amebocyte Lysate (LAL) kit (Lonza) and
the human sCD14 enzyme-linked immunosorbent assay
(ELISA) kit (R&D), respectively, per manufacturers’ instruc-
tions. Serum samples for the LAL were heat inactivated and di-
luted 1:10 with LAL Reagent Water (Lonza). Commercially
available ELISA kits were used to determine plasma levels of
C-reactive protein (CRP; R&D), interleukin 6 (IL-6; R&D),
sCD163 (R&D), and D-dimer (Sekisui Diagnostics) according
to manufacturers’ instructions. Duplicates of 20% of the samples
were included in each ELISA plate. Results were analyzed using a
Biotek ELX800 ELISA reader and Gen5 software (version
2.01.12). Plasma concentrations of soluble tumor necrosis factor
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α receptor II (sTNFR-II) were quantified using a fluorescent mul-
tiplexed immunoassay platform (Meso Scale Discovery).

Statistical Analysis
The study was powered to detect a 5% treatment effect in the
primary end point: change from baseline to week 4 in the per-
centage of HLA-DR+CD38+ CD8+ T cells. A sample size of 63
evaluable subjects was estimated to provide 80% power to detect
this treatment effect.

All statistical tests were 2-sided at the .05 nominal level of
significance without adjustments for multiple testing. Exact
Wilcoxon rank sum tests were used to evaluate differences be-
tween study arms, and 95% confidence intervals were estimated
using the Hodges–Lehmann method. Rank-based (Spearman)
correlations were used to assess correspondence between re-
sponses. Baseline measurements were compared between sub-
jects HIV-negative controls using exact Wilcoxon rank sum
tests. Tests of interaction involved comparing nonparametric
estimates of treatment effect [17] between strata, using standard
errors [18].

Baseline values were the average of entry and preentry values.
Soluble biomarkers were log10 transformed. Primary adverse
events included all serious adverse events as defined by ICH
guidelines. Targeted protocol events were defined as all labora-
tory abnormalities of grade ≥2, signs and symptoms defined by
the 2004 Division of AIDS (DAIDS) grading table, and all diag-
noses identified by the ACTG criteria for clinical events, partic-
ularly a diagnosis of C. difficile colitis.

The primary analysis of efficacy was an as-treated analysis
limited to subjects in both arms who have data for baseline
and week 4, remain on study treatment through week 4 (allow-
ing ≤6 missed doses), and did not change ART, use prohibited
medications, or have virologic failure (2 consecutive plasma
HIV-1 RNA levels ≥40 copies/mL) during this time period.
Secondary analyses were also as-treated analyses, including
the same subjects as in the primary analysis. For analyses of
measurements after week 4, data were excluded after a subject
changed ART, used prohibited medications, or had confirmed
virologic failure (as defined above).

RESULTS

Study Subjects
Seventy-three subjects were enrolled between October 2011 and
July 2012, including 49 in the rifaximin arm and 24 in the no-
study-treatment arm. In the rifaximin arm, 2 subjects discontin-
ued the study owing to side effects (grade ≤2), 1 was taking
a prohibited medication, and 3 missed the week 4 visit. In the
no-study-treatment arm, 1 subject withdrew consent and 1 had
virologic failure. Forty-three subjects in the rifaximin and 22 in
the no-study-treatment arm, respectively, were included in the
as-treated analysis.

Baseline demographic, immunologic, and virologic charac-
teristics were well balanced between the 2 arms (Table 1). The
subjects’ baseline levels of CD8+ and CD4+ T-cell activation and
proliferation, and levels of soluble markers of microbial translo-
cation and inflammation, with the exception of sCD163 and
CRP, were significantly higher than in HIV-negative controls
(see Supplementary Table 1 for control demographics), and
the subjects’ D-dimer levels were significantly lower compared
with controls (Table 2).

The antiretroviral regimens were balanced between the 2
study arms. None of the subjects had a change or interruption
in entry antiretroviral regimen during the study. Three subjects
in the rifaximin arm missed ≤3 doses of study treatment and
were included in the as-treated analyses.

Table 1. Baseline Demographic, Immunologic, and Virologic
Characteristics of the 65 Subjects Included in the As-Treated
Analyses

Baseline
Characteristic

All Subjects
(N = 65)

Rifaximin
Arm

(n = 43)

No-Treatment
Arm

(n = 22)

Age, median
(IQR), y

50 (44–55) 48 (43–56) 51 (45–55)

Age ≥60 y, No. (%) 7 (11) 4 (9) 3 (14)

Race/ethnicity, No.
(%)
White non-
Hispanic

31 (48) 19 (44) 12 (55)

Black non-
Hispanic

20 (31) 17 (40) 3 (14)

Hispanic 13 (20) 7 (16) 6 (27)

Other 1 (2) 0 (0) 1 (5)

Sex, No. (%)
Male 59 (91) 39 (91) 20 (91)

Female 6 (9) 4 (9) 2 (9)

Cotrimoxazole
use, No. (%)

29 (45) 21 (49) 8 (36)

Baseline CD4+

T-cell counta

Median (IQR),
cells/mm3

236 (179–284) 251 (179–286) 223 (167–280)

≥350 cells/mm3,
No. (%)

1 (2) 0 (0) 1 (5)

Nadir CD4+ T-cell
count, median
(IQR), cells/mm3

41 (15–88) 50 (22–71) 40 (10–88)

Entry HIV-1 RNA
level below
lower limit of
assay, No. (%)

65 (100) 43 (100) 22 (100)

Interval since 1st
undetectable
HIV-1 RNA level,
median (IQR), y

3.8 (2.4–7.3) 3.3 (2.2–7.3) 3.9 (2.8–8.8)

Abbreviations: HIV-1, human immunodeficiency virus type 1; IQR, interquartile
range.
a Mean of preentry and entry counts.

782 • JID 2015:211 (1 March) • Tenorio et al

http://jid.oxfordjournals.org/lookup/suppl/doi:10.1093/infdis/jiu515/-/DC1


Effects of Rifaximin on Cellular Immune Activation
The study’s primary end point was the change in CD8+ T-cell
activation (percentage of HLA-DR+CD38+ T-cells) from base-
line to week 4. The median (interquartile range) change for the
rifaximin arm was 0.00% (−1.70% to 1.00%), and the median
change for the no-study-treatment arm was 0.64% (0.11%–

1.48%) (Table 3). The changes were significantly different
when comparing the 2 arms (P = .03), but the within-arm change
in the rifaximin arm was not significant (Table 3 and Figure 1).
The difference between the arms was driven by an increase in
CD8+ T-cell activation in the no-treatment arm. There were no
significant differences between the 2 arms in the changes from
baseline to week 2 or week 8.

There was also a significant difference between the 2 study
arms in the change in CD8+ T-cell proliferation (percentage
of Ki-67+ CD8+ T cells) from baseline to week 4 (P = .01), but
changes within each arm were not significant. The median (inter-
quartile range) change for the rifaximin arm was −0.12%
(−0.27% to 0.12%), and the median change for the no-study-
treatment arm was 0.12% (−0.07% to 0.27%). There were no
significant differences in the change from baseline to week 2
or 8. We did not observe significant differences in changes in
CD4+ T-cell count or measures of CD4+ T-cell activation (per-
centage of HLA-DR+CD38+ CD4+ T cells) or proliferation (per-
centage of Ki-67+ CD4+ T cells) at any week (data not shown).
These results suggest that rifaximin weakly affected CD8+ T-cell
activation and proliferation after 4 weeks of therapy.

A significant proportion of subjects had activation levels that
overlapped with those of controls. In post hoc analyses, we strat-
ified subjects based on whether their preentry percentage of

HLA-DR+CD38+ CD8+ T cells was higher or lower than the
pooled median value, and we evaluated differences between
study arms in changes in T-cell activation and microbial trans-
location from entry to week 4 (Table 4). A trend toward a sig-
nificant difference between the arms was seen in change from
baseline to week 4 in the percentage of HLA-DR+CD38+

CD8+ T cells, and a significant difference between the arms
was seen in the percentage of Ki-67+ CD8+ T cells among
those with higher preentry activation; treatment effects were
not seen in those with lower preentry activation. When we strat-
ified by baseline levels of either LPS or sCD14 (high vs low, with
the median as the cutoff ), we also saw a similar pattern with
Ki-67+ CD8+ T cells among those in the high baseline sCD14
stratum but not in the low sCD14 stratum or either LPS stratum.
When we applied the same approach to changes in LPS or
sCD14, we did not see any significant differences (data not
shown), although we had less statistical power to detect differ-
ences between the arms for these test results within subgroups,
so these results should be interpreted cautiously.

Effects of Rifaximin on Gut Microbial Translocation
Significant differences were seen between study arms in the
change from baseline to week 2 for LPS (median log10 change
for rifaximin vs no-study-treatment arm, −0.01 vs +0.03 pg/
mL; P = .01) and sCD14 (median log10 change, −0.003 vs
+0.05 ng/mL; P = .03) (Table 3); however, the within-arm
changes were not significant. At week 4, the differences in the
change from baseline between arms were no longer significant
for either LPS or sCD14. At week 8, rifaximin use was associated
with a small decline in sCD14 (median log10 change for rifaximin

Table 2. Baseline Immune Biomarker Levels in Subjects Compared With HIV-Negative Age-Matched Controls

Biomarkers

HIV-Negative Controls
(n = 20)

Pooled Study Arms at Baseline
(N = 65)

P ValueMedian (IQR) Median (IQR )

Cellular activation markers

HLA-DR+ CD38+ CD8+ T cells, % 4.05 (2.68–6.04) 8.14 (5.18–13.70) <.001
HLA-DR+ CD38+ CD4+ T cells, % 1.76 (1.46–2.42) 4.95 (3.64–6.06) <.001

Ki-67+ CD8+ T cells, % 0.50 (0.31–0.74) 0.71 (0.52–0.99) .01

Ki-67+ CD4+ T cells, % 0.58 (0.46–1.11) 1.65 (1.39–2.50) <.001
Gut microbial translocation markers

LPS, pg/mL 84.0 (70.7–91.3) 103.7 (73.7–121.2) .04

sCD14, ng/mL 1270.9 (1100.2–1464.0) 1808.9 (1604.8–2161.6) <.001
Soluble markers

IL-6, pg/mL 0.9 (0.6–1.4) 1.2 (0.9–2.2) .02

CRP, ng/mL 1126.9 (3467–3176) 1446.9 (731–2989) .35
D-dimer, ng/mL 192.2 (157–240) 129.6 (96–214) .02

sTNFR-II, pg/mL 2995.8 (2319–3777) 4214.0 (3186–6354) <.001

sCD163, ng/mL 658.4 (610–772) 611.4 (438–744) .28

Abbreviations: CRP, C-reactive protein; HIV, human immunodeficiency virus; IL-6, interleukin 6; IQR, interquartile range; LPS, lipopolysaccharide; sCD14, soluble
CD14; sCD163, soluble CD163; sTNFR-II, soluble tumor necrosis factor α receptor II.
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Table 3. Median Changes From Baseline in Cellular Biomarkers and Median Log10 Change From Baseline in Soluble Biomarkers

Biomarker
Week After
Baseline Treatment Arm

Subjects,
No.

Median (IQR) Change
From Baseline

95% CI for Median
Change

P
Value

Cellular activationmarkers
HLA-DR+CD38+ CD8+

T cells, %
2 Rifaximin 42 0.01 (−1.32 to 1.88) −.63 to 1.12 .34

No study treatment 22 0.30 (−0.25 to 1.98) −.10 to 1.99

4 Rifaximin 43 0.00 (−1.70 to 1.00) −.99 to 0.33 .03
No study treatment 22 0.64 (0.11–1.48) .11 to 1.51

8 Rifaximin 41 0.01 (−1.84 to 0.89) −1.11 to .50 .72

No study treatment 21 −0.19 (−0.85 to 0.86) −1.05 to 1.32
Ki-67+ CD8+ T cells, % 2 Rifaximin 42 0.00 (−0.26 to 0.26) −.13 to .13 .11

No study treatment 22 0.12 (−0.09 to 0.44) .01 to .41
4 Rifaximin 43 −0.12 (−0.27 to 0.12) −.21 to .00 .01

No study treatment 22 0.12 (−0.07 to 0.27) −.02 to .27

8 Rifaximin 41 −0.07 (−0.18 to 0.11) −.17 to .07 .08
No study treatment 21 0.12 (−0.04 to 0.23) −.06 to .23

Microbial translocation and monocyte activation markers

LPS, log10 pg/mL 2 Rifaximin 43 −0.01 (−0.09 to 0.02) −.05 to .01 .01
No study treatment 22 0.03 (−0.03 to 0.11) −.01 to .15

4 Rifaximin 43 0.00 (−0.08 to 0.05) −.04 to .02 .44

No study treatment 22 −0.01 (−0.04 to 0.05) −.02 to .05
8 Rifaximin 42 −0.01 (−0.12 to 0.06) −.06 to .03 .22

No study treatment 21 0.02 (−0.02 to 0.08) −.03 to .08

sCD14, log10 ng/mL 2 Rifaximin 43 −0.00 (−0.06 to 0.04) −.04 to .02 .03
No study treatment 22 0.05 (−0.02 to 0.13) −.00 to .09

4 Rifaximin 43 −0.03 (−0.07 to 0.06) −.05 to .01 .97

No study treatment 22 −0.03 (−0.05 to 0.01) −.07 to .02
8 Rifaximin 42 −0.04 (−0.09 to 0.03) −.08 to −.01 .049

No study treatment 21 0.01 (−0.05 to 0.08) −.03 to .07

Soluble biomarkers
D-dimer, log10 ng/mL 2 Rifaximin 42 −0.03 (−0.09 to 0.09) −.05 to .04 .30

No study treatment 22 0.00 (−0.03 to 0.11) −.02 to .08

4 Rifaximin 43 −0.00 (−0.12 to 0.06) −.07 to .03 .33
No study treatment 22 −0.03 (−0.14 to 0.04) −.11 to .01

8 Rifaximin 42 −0.04 (−0.17 to 0.14) −.09 to .04 .23

No study treatment 21 0.04 (−0.07 to 0.10) −.04 to .14
IL-6, log10 pg/mL 2 Rifaximin 43 0.02 (−0.11 to 0.15) −.07 to .07 .94

No study treatment 22 −0.05 (−0.11 to 0.20) −.10 to .20

4 Rifaximin 43 −0.03 (−0.14 to 0.08) −.08 to .03 .33
No study treatment 22 0.05 (−0.13 to 0.12) −.06 to .13

8 Rifaximin 42 −0.05 (−0.18 to 0.07) −.12 to .01 .02

No study treatment 21 0.05 (−0.08 to 0.18) −.02 to .19
CRP, log10 ng/mL 2 Rifaximin 43 0.00 (−0.26 to 0.21) −.14 to .08 .14

No study treatment 22 0.04 (−0.09 to 0.32) −.04 to .27

4 Rifaximin 43 −0.08 (−0.29 to 0.15) −.20 to .03 .73
No study treatment 22 −0.09 (−0.21 to 0.16) −.22 to .12

8 Rifaximin 42 −0.04 (−0.26 to 0.13) −.18 to .03 .046

No study treatment 21 0.09 (−0.02 to 0.28) −.06 to .31
sTNFR-II, log10 pg/mL 2 Rifaximin 42 −0.03 (−0.11 to 0.03) −.08 to .01 .04

No study treatment 22 0.04 (−0.06 to 0.17) −.03 to .13

4 Rifaximin 42 −0.04 (−0.17 to 0.09) −.09 to .02 .08
No study treatment 22 0.07 (−0.05 to 0.13) −.06 to .11

8 Rifaximin 42 0.04 (−0.07 to 0.12) −.02 to .08 .35

No study treatment 21 −0.01 (−0.15 to 0.10) −.11 to .06
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vs no-study-treatment arm, −0.04 vs +0.01 ng/mL; P = .049),
but not in LPS. These results suggest that rifaximin therapy
weakly affected markers of microbial translocation and mono-
cyte activation.

Effects of Rifaximin on Soluble Markers of Inflammation
and Coagulation
We noted a significant difference between the 2 arms in the
change from baseline to week 2 for sTNFR-II, but not in IL-6,
CRP, sCD163, or D-dimer (Table 3). There were no significant
differences in the changes from baseline to week 4 in any of the

soluble biomarkers. We observed significant differences be-
tween the 2 arms in the change from baseline to week 8 for
IL-6 and CRP, but not in sTNFR-II, sCD163, or D-dimer.
None of the within-arm changes were significant.

Associations Between Biomarkers
We also determined the associations between the levels of bio-
markers of activation, inflammation, coagulation, and microbial
translocation, as well the correlations between changes in these
biomarkers with rifaximin treatment. Among subjects’ baseline
biomarker levels, there were significant positive correlations

Table 3 continued.

Biomarker
Week After
Baseline Treatment Arm

Subjects,
No.

Median (IQR) Change
From Baseline

95% CI for Median
Change

P
Value

sCD163, log10 ng/mL 2 Rifaximin 43 0.01 (−0.04 to 0.05) −.02 to .02 .31
No study treatment 22 0.02 (−0.03 to 0.07) −.01 to .06

4 Rifaximin 43 0.00 (−0.03 to 0.04) −.02 to .02 .30

No study treatment 22 0.02 (−0.04 to 0.09) −.01 to .07
8 Rifaximin 42 0.01 (−0.03 to 0.04) −.02 to .03 .48

No study treatment 21 0.04 (−0.06 to 0.09) −.02 to .08

Abbreviations: CI, confidence interval. CRP, C-reactive protein; HIV, human immunodeficiency virus; IL-6, interleukin 6; IQR, interquartile range; LPS,
lipopolysaccharide; sCD14, soluble CD14; sCD163, soluble CD163; sTNFR-II, soluble tumor necrosis factor α receptor II.

Figure 1. Percentages of CD38+HLA-DR+ CD8+ T cells per subject over time in each arm. Abbreviation: IQR, interquartile range.
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between sCD14 and IL-6, CRP, and D-dimer, and between LPS
and D-dimer (Table 5). It is noteworthy that we did not find sig-
nificant correlations between the percentage of HLA-DR+CD38+

or Ki-67+ CD8+ T cells and either LPS or sCD14 levels.
When considering correlations between changes in these bio-

markers with treatment (Table 5), we did not find significant cor-
relations between changes in the percentage of HLA-DR+CD38+

CD8+ T cells and either LPS or sCD14. However, we found sig-
nificant positive correlations between changes in sCD14 and IL-6
from baseline to week 4 (r = 0.32; P = .04), but not between other
soluble biomarkers, including between sCD14 and LPS.

Safety
There were no deaths. Thirty-six subjects (49%) reported a pri-
mary adverse event, 27 from the rifaximin arm and 9 from the

no-study-treatment arm. There was no significant difference in
maximum primary event grade between the 2 study arms. None
of the grade 3 or 4 events were related to study treatment. One
subject discontinued owing to grade 2 anorexia and another
owing to intolerance. Primary adverse events that were possibly
or definitely related to study treatment included nausea, consti-
pation, flatulence, anorexia, stomach ache, “feeling sick,” and
elevated lipase (Supplementary Table 2).

DISCUSSION

Rifaximin use was associated with a small but significant differ-
ence between the 2 arms in LPS levels after 2 weeks but not after
4 weeks. However, the within-arm changes were not significant.

Table 4. Median Change From Baseline to Week 4 in CD8+ T-Cell Activation and Proliferation Stratified by High or Low Levels of
Preentry CD8+ T-Cell Activation, LPS, or sCD14

Stratum Treatment Arm
Subjects,

No. Median Change (IQR)
95% CI for Median

Change
P Value (Between

Arms)
P Value

(Interaction)

Change in HLA-DR+CD38+ CD8+ T cells from entry to wk 4, %
Strata based on median preentry CD8+ T-cell activation

High Rifaximin 23 −1.00 (−2.32 to 0.96) −1.95 to .56 .08 .049

No study treatment 8 1.45 (−0.57 to 2.23) −.76 to 7.30
Low Rifaximin 18 0.64 (−0.17 to 1.87) −.09 to 1.54 .33

No study treatment 13 0.27 (−0.08 to 0.65) −.36 to .96

Strata based on median baseline LPS
High Rifaximin 25 −0.63 (−1.91 to 0.80) −1.91 to .50 .09 .58

No study treatment 8 0.86 (0.15 to 1.78) −.86 to 2.01

Low Rifaximin 18 0.27 (−0.70 to 1.21) −.70 to .81 .25
No study treatment 14 0.64 (−0.30 to 1.47) −.30 to 1.97

Strata based on median baseline sCD14

High Rifaximin 23 −0.08 (−1.91 to 0.80) −1.20 to .33 .11 .85
No study treatment 10 0.56 (0.11 to 0.80) −.06 to 1.13

Low Rifaximin 20 0.13 (−1.66 to 1.28) −1.83 to 1.25 .16

No study treatment 12 1.31 (−0.56 to 2.30) −.48 to 2.92
Change in Ki-67+ CD8+ T cells from baseline to wk 4, %

Strata based on median preentry CD8+ T-cell activation

High Rifaximin 23 −0.18 (−0.50 to 0.04) −.55 to −.07 .009 .10
No study treatment 8 0.24 (−0.08 to 0.27) −.25 to 1.42

Low Rifaximin 18 0.00 (−0.13 to 0.27) −.13 to .18 .68

No study treatment 13 0.09 (−0.07 to 0.23) −.11 to .23
Strata based on median baseline LPS

High Rifaximin 25 −0.13 (−0.28 to 0.06) −.31 to −.01 .081 .67

No study treatment 8 0.25 (−0.09 to 0.27) −.22 to .28
Low Rifaximin 18 0.00 (−0.17 to 0.13) −.30 to .12 .18

No study treatment 14 0.10 (−0.07 to 0.26) −.06 to .44
Strata based on median baseline sCD14

High Rifaximin 23 −0.13 (−0.27 to 0.14) −.21 to .03 .04 .60

No study treatment 10 0.12 (0.00 to 0.27) −.22 to .36
Low Rifaximin 20 −0.03 (−0.37 to 0.09) −.49 to .08 .16

No study treatment 12 0.16 (−0.17 to 0.27) −.15 to .43

Abbreviations: CRP, C-reactive protein; IQR, interquartile range; LPS, lipopolysaccharide; sCD14, soluble CD14.
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Thus, rifaximin seems minimally effective when used as a mod-
ulator of gut microbial translocation among immune nonre-
sponders to virally suppressive ART. Systemic antibiotic use
has a transient effect on LPS levels in simian immunodeficiency
virus–infected macaques [10].This transient effect may be relat-
ed to the replacement of gut bacteria with antibiotic-resistant
isolates. As with the use of other antibiotics, rifaximin-resistant
bacteria emerge with chronic rifaximin use [19]. Moreover, a
recent study showed no significant changes in microbial abun-
dance with rifaximin use for 8 weeks [20]. HIV infection is as-
sociated with a gut microbial dysbiosis [21–24] that may be
difficult to modulate with antimicrobials alone [25]. An ap-
proach using sevelamer, an endotoxin-binding agent, did not
show a reduction in either LPS or sCD14 among untreated
HIV-positive persons [26]. Nutritional supplements that mod-
ulate the gut microbiome have had mixed effects on systemic
immune activation and inflammation when used in treat-
ment-naive HIV-positive persons [27–29].

Our findings are unlike those observed in patients with cir-
rhosis, in whom rifaximin use has been associated with a signif-
icant decrease in LPS levels after 4 and 8 weeks of treatment [16,
20]. The mechanism of elevated LPS probably differs between
cirrhosis and HIV infection, with factors beyond microbial
translocation playing a role in the former. Furthermore, in-
creased LPS levels among those with persistently low CD4+

T-cell counts despite ART may be more likely to be caused by
impairments in immune cells [30] rather than increased gut

microbial replication. Finally, LPS has historically been a diffi-
cult biomarker to measure precisely, making cross-study com-
parisons difficult. The effect of rifaximin on sCD14, a marker of
monocyte activation by LPS, is more complicated, as we saw
both early and posttreatment rifaximin effects. Whereas the for-
mer could be related to LPS-driven changes, the latter may be
related to inhibition by rifaximin of monocyte activation [31].

We also found that rifaximin use had a marginal impact on
CD8+ T-cell activation and proliferation after 4 weeks of study
treatment. Although the week 4 effect on activation may be a
delayed effect of the early transient effect on LPS and sCD14,
we did not find a correlation between changes in levels of
these markers and changes in measures of CD8+ T-cell activa-
tion. Moreover, baseline levels of either LPS or sCD14 did not
correlate with baseline levels of immune activation in our sub-
jects, in contrast to some previous observations [10, 13] but con-
sistent with others [32]. It is possible that persistently elevated
cellular immune activation in immune nonresponders is in part
due to reasons other than gut microbial translocation.

In addition, there was substantial overlap between the levels
of T-cell activation in the study population compared with
HIV-negative controls. Thus, contrary to our expectations,
lack of an immune response to ART as we defined it may not
be reliably associated with elevated immune activation. When
we stratified the changes in activation or gut microbial translo-
cation by baseline levels of the percentages of HLA-DR+CD38+

CD8+ T cells, we found a trend toward a difference between

Table 5. Spearman Correlations Between Biomarker Levels at Baseline and Between Changes From Baseline to Week 4 in Biomarkers

Biomarker

Correlation with LPS Correlation with sCD14

Subjects, No. r P Value Subjects, No. r P Value

Correlation between biomarkers at baseline
HLA-DR+CD38+ CD8+ T cells 65 −0.03 .80 65 −0.10 .41

Ki-67+ CD8+ T cells 65 0.18 .16 65 0.08 .52

IL-6 65 0.21 .10 65 0.32 .009
LPS 65 0.19 .13

CRP 65 0.16 .19 65 0.26 .04

sCD14 65 0.19 .13
D-dimer 65 0.34 .006 65 0.32 .009

sTNFrII 65 0.02 .86 65 0.10 .44

Correlation between changes in biomarkers from baseline to wk 4
HLA-DR+CD38+ CD8+ T cells 43 0.12 .46 43 −0.01 .95

Ki-67+ CD8+ T cells 43 0.06 .70 43 0.00 .98

IL-6 43 −0.20 .20 43 0.32 .04
LPS 43 −0.01 .96

CRP 43 −0.29 .06 43 0.30 .05

sCD14 43 −0.01 .96
D-dimer 43 −0.05 .76 43 0.23 .14

sTNFrII 42 0.02 .90 42 −0.11 .47

Abbreviations: CRP, C-reactive protein; IL-6, interleukin 6; LPS, lipopolysaccharide; sCD14, soluble CD14; sTNFrII, soluble tumor necrosis factor α receptor II.
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study arms among those with higher levels of the latter, suggest-
ing that this study may not have enrolled the optimal popula-
tion to demonstrate a therapeutic reduction of activation. The
lower D-dimer and sCD163 levels among our subjects compared
with controls also support this idea. Studies that select HIV-
positive persons with elevated activation or inflammation at
entry may be needed to rigorously test the effect of immuno-
modulatory approaches.

Rifaximin may have direct anti-inflammatory effects that are
independent of its effect on the gut microbiome and microbial
translocation [20, 31, 33]. Recent studies have shown that elevat-
ed inflammation is a more important predictor of non–AIDS-
defining outcomes than T-cell activation among HIV-positive
persons receiving virally suppressive ART [15, 34, 35]. Decreases
of 0.12 log10 and 0.07 log10 in IL-6 and sCD14, respectively, are
associated with a 25% reduction in risk of a non-AIDS morbid
event. In this study, we saw small but significant posttreatment
effects on IL-6, CRP, and sCD14, and the changes in IL-6 and
CRP correlated with changes in sCD14. This raises the possibil-
ity that longer use of rifaximin may decrease the levels of in-
flammatory markers that have been associated with outcomes
in virally suppressed HIV-infected persons. Whether these
rifaximin-related changes in inflammatory markers are due to
direct effects on inflammatory pathways remains unclear and
needs further study.

The treatment-related differences between study arms were
small and transient, and the changes within each study arm
were mostly insignificant, suggesting the possibility that the sig-
nificant differences we saw were due to random fluctuations in
immune markers that are unrelated to treatment. In retrospect,
the paucity of study time points, the short duration of pretreat-
ment follow-up, and the limited precision of the selection crite-
ria, along with the absence of meaningful rifaximin-mediated
effects on either LPS or sCD14, constrained our ability to answer
our hypothesis.

In summary, rifaximin was safe and well-tolerated in HIV-
infected persons with a suboptimal CD4+ T-cell response to
virally suppressive ART. In this patient population, rifaximin
had a marginal impact on gut microbial translocation and
monocyte and T-cell activation. Correlations were not detected
between either microbial translocation or inflammation mark-
ers and T-cell activation levels at baseline or between changes in
microbial translocation and T-cell activation. Because microbial
translocation and T-cell activation are both elevated in treated
HIV-positive subjects with poor immune reconstitution [6, 13],
our findings suggest a need to investigate the extent to which
these processes are linked mechanistically. Rather, changes in
sCD14 were more closely linked to changes in systemic inflam-
matory markers (IL-6 and CRP) associated with non-AIDS co-
morbid conditions and mortality in ART-treated HIV-positive
persons. Whether the prolonged use of rifaximin would affect
the pathways represented by these markers needs to be clarified.

More importantly, to help identify interventions to improve
long-term outcomes, we need better ways of defining virally
suppressed ART-treated HIV-infected persons with elevated
levels of inflammation and activation, who are at increased
risk for morbid events.
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