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Abstract

Background—HIV-infection is associated with dramatic changes in the intestinal mucosa. The
impact of other viral pathogens is unclear.

Methods—Eighty biopsies from left and right colon (n=63) and terminal ileum (n=17) were
collected from 19 HIV-infected and 22 HIV-uninfected subjects. Levels of cytomegalovirus
(CMV) and Epstein Barr Virus (EBV) DNA were measured by droplet-digital (dd)PCR. Mucosal
gene expression was measured via multiplex-assay. Microbiome analysis was performed using
bacterial 16S-rDNA-pyrosequencing. The effect of CMV and EBV replication on the microbiome
composition and mRNA-expression of selected cytokines (IL-6, IFN-y, IL-1p, CCL2, IL-8 IFN-
1) was evaluated.
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RESULTS—Overall, CMV and EBV were detected in at least one intestinal site in 60.5% and
78.9% of subjects, respectively. HIV-infected individuals demonstrated less detectable CMV
(p=0.04); CMV was more frequently detected in terminal ileum than colon (p=0.04). Detectable
EBV was more frequent among HIV-infected (p=0.05) without differences by intestinal site. The
number of operational taxonomic units did not differ by CMV or EBV detection status. Among
HIV-infected subjects, higher CMV was only associated with lower relative abundance of
Actinobacteria in the ileum (p=0.03). Presence of CMV was associated with up-regulated
expression of all selected cytokines in the ileum (p<0.02) and higher expression of IL-8 and IFN-
B1 in the colon (P<0.05) of HIV-uninfected subjects, but not among HIV-infected. EBV had no
effect on cytokine expression or microbiome composition whatsoever.

CONCLUSIONS—These results illustrate a complex interplay between HIV-infection, intestinal
CMV replication and mucosal gut environment, and highlight a possible modulatory effect of
CMV on the microbial and immune homeostasis.

INTRODUCTION

Infection with Human Immunodeficiency Virus (HIV) is associated with alterations in the
gut-associated lymphoid tissue (GALT), which occur early in the course of infection and
contributes to persistent immune dysfunction and HIV disease progression [1, 2]. Mucosal
HIV replication and consequent depletion of GALT-associated CD4* T-cells is associated
with epithelial barrier damage and increased translocation of bacterial products from the gut
into systemic blood circulation (microbial translocation) [1-4]. In turn, microbial
translocation is associated with systemic immune activation and predicts disease progression
and mortality in untreated and treated HIV-infected individuals [1, 2, 5-7].

Recent studies described the effect of HIV-infection on the composition of the gut
microbiome [8-10], and on the mucosal gene expression profile [11]. HIV-infection is
associated with decreased diversity of the host intestinal microbiome, and “dysbiosis” which
is characterized by a loss of bacterial taxa that are typically considered commensal (i.e.,
Lactobacilli and Bifidobacteria) with an increase in pathogenic bacteria (i.e., Pseudomonas
and Proteobacteria) [8, 9]. HIV-infection is associated with up-regulation in the expression
of various genes involved in cellular and humoral immune response, cytokine signaling and
other relevant cellular pathways [11].

HIV is not the only chronic viral infection, which can replicate and persist in the gut
mucosa. Cytomegalovirus (CMV) and Epstein Bar Virus (EBV), are prevalent among HIV-
infected individuals, and can replicate within the intestinal mucosa causing severe diseases
in the setting of immune suppression [12, 13]. The introduction of antiretroviral therapy
(ART) reduced the incidence of AlIDS-related viral colitis [14]. However, co-infection with
CMV (and EBV to lesser extent) continues to contribute to morbidity and mortality in HIV-
infected individuals and is associated with increased inflammation, immune dysfunction,
senescence and HIV-disease progression [15, 16]. One study found that CMV replication in
the gut was associated with intestinal damage in asymptomatic ART-suppressed HIV-
infected individuals [17]. The authors demonstrated that CMV can productively infect
intestinal epithelial cells and disrupts tight junctions, compromising epithelial barrier
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function. The CMV-induced pro-inflammatory cytokine IL-6 was highlighted as a key factor
in this process, and attenuation of CMV replication by letermovir prevented CMV-induced
loss of epithelial integrity. These data highlight the role of CMV as a possible co-factor in
intestinal epithelial barrier dysfunction and suggest a possible novel target to prevent
inflammation during HIV-infection.

METHODS
Clinical Study Subjects and Study Design

Colonic mucosal biopsy samples were obtained from the Rush University Medical Center
(RUMC) Institutional Review Board (IRB)-approved gastrointestinal (Gl) repository, from
which 19 HIV-infected subjects and 22 controls were matched by demographic variables
(age, sex and race). All subjects gave written informed consent for the use of tissue samples
and data becoming part of an RUMC IRB Gl-repository. Subjects were recruited from the
same geographic area with the endoscopy being performed at the RUMC Endoscopy Lab.
Colonoscopies were performed for colon cancer screening, constipation, minor rectal
bleeding, and intermittent loose stools. Mucosal biopsies were obtained from the terminal
ileum, right and left colon with a standard 2.2 mm biopsy forceps. Biopsies were then placed
in a cryovial, flash frozen in liquid nitrogen and stored at —80°C, until the time of analysis.
The characteristics of the study subjects were previously described [8, 11], and are
summarized in Table 1. Overall, all HIV-infected subjects were on ART and all but three had
HIV RNA below the limit of detection, at the time of sample collection.

Bacterial 16S ribosomal RNA (rRNA) Gene Sequencing, Sequence Processing and Quality
Assessment

Sequencing—Sequencing procedures and analysis of generated data were previously
described [8]. Briefly, DNA was extracted using a commercially available FastDNA Spin Kit
for Soil, (MP Biomedicals, Solon, OH USA). The 16S rDNA gene was pyrosequenced on a
454 GS FLX platform, using the 28F forward primer, 5'-GAGTTTGATCNTGGCTCAG-3’
and the 519R reverse primer 5'-GNTTTACNGCGGCKGCTG-3" were used for
amplification of the variable regions V1-3 with barcoding. Two sequence runs were
performed with about equal distribution of HIV and control cases in both runs.

Sequence Processing—The sequencing files were processed using custom C# and
python scripts as well as python scripts in the Quantitative Insights Into Microbial Ecology
(QIIME) software pipeline (VirtualBox Versions 1.5 and 1.6) [18-21]. Sequence outputs
were filtered for low quality sequences (i.e., any sequences that are <200 or >1000 base
pairs (bps), presenting any nucleotide mismatches to either the barcode or the primer,
sequences including >6 homopolymer runs or ambiguous bases, sequences with an average
quality score of >25) and were truncated at the reverse primer. Sequences were denoised
using USEARCH [22], and chimera checked with UCHIME[23] and Chimera Slayer [24] as
previously described [8]. Operational taxonomic units (OTUSs) were picked using uclust [22]
at 97% similarity, and representative sequences were generated. Sequences were aligned
with PyNAST [25] and taxonomy assignment was performed in QIIME 1.6VB against the
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QIMME 1.6 version of Greengenes database [26, 27] using the RDP classifier [28, 29] with
an 80% bootstrap threshold.

CMV and EBV DNA Measurements

Levels of CMV and EBV DNA were quantified by droplet digital PCR (ddPCR) [30, 31].
Copy numbers were calculated as the mean of replicate PCR measurements and normalized
to one million cells, determined by RPP30 [32].

Assessment of gene expression

Gene expression analysis was performed via an Affymetrix (Santa Clara, California, USA)
custom QuantiGene multi-plex assay [11]. We included 40 genes of interest (Supplementary
Table 1) and two housekeeping genes: p-Actin and glyceraldehyde 3- phosphate
dehydrogenase (GAPDH). Samples were prepared as tissue homogenates using Affymetrix
lysis buffer and processed according to the manufacturer’s instructions and mRNA levels
were determined using a Luminex-based custom multiplex bead array (Affymetrix).

Background values were subtracted from the raw intensity readings for each sample. Values
that were less than or equal to O were set to 1 (floor effect), and all values were log,
transformed [11]. These values were normalized to the average of the two housekeeping
genes.

Statistical analysis

For the following analyses, left and right colons were combined to create the site variable
with 2 levels: colon vs. ileum. All analyses were performed in the R statistical language (ver.
3.3) [33], unless noted otherwise. All tests were performed 2-tailed at the 5% significance
level without a adjustment for the following reasons: 1) we reduced the number of outcomes
to be tested by applying a dimension-reduction technique (i.e., cytokine analysis), 2) we
applied multilevel models where group comparisons tend to be more conservative because
the groups’ point estimates as well as their intervals were “shrunk’” and shifted closer to each
other [34], and 3) our primary mode of analysis is Bayesian regression models, which
calibrates evidence for a particular group difference using a single corresponding prior
distribution without considering any other differences or any future assessments of the same
group comparisons.

Analysis of CMV and EBV—To model subjects’ propensities to have detectable CMV
and EBV, we used Bayesian hierarchical regression models [35]. Specifically, hierarchical
models first estimate an intercept for the reference group (i.e., HIV-uninfected controls) and
then an intercept for the HIV-subject group as a difference from the reference group. Second,
within each group, the varying intercepts for the subjects are estimated as deviations from
the group intercepts. We used a binomial family with a logit link, since 61.9% (65/105) and
45.7% (48/105) of the non-missing CMV and EBV DNA counts were undetectable (i.e., 0),
respectively. For both outcomes, models included site (i.e., terminal ileum or colon) and
HIV as fixed effects and individual identifier (ID) as a random intercept. A weakly
informative prior distribution of N(0, 4) was used. Hierarchical models were evaluated using
with R-hat values for model convergence (<1.1 = convergence) and the difference in the
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Leave-One-Out Information Criterion (ALOOIC) for model fit. We also provided the so-
called Bayesian p-value (Pg=[1-p(06]X>0)]*2) for reference. The model-estimated individual
intercepts were used as predictors to estimate how individual’s propensities to shed CMV
and EBV affected cytokine activity levels and relative abundances of microbiome bacteria in
the subsequent analyses. Raw CMV and EBV data divided by HIV status and intestinal site
are included as supplementary material (Supplementary Figure 1).

Analysis of Cytokine Activity—Of the 41 subjects, 2 healthy control and 3 HIV-infected
individuals were excluded because no cytokine data were available. Of the remaining 36
subjects, 31 had complete data (18 HIV-uninfected controls and 13 HIV-infected). The major
challenge in analyzing the cytokine data was to summarize the high dimensional data of 40
cytokines sampled in 2 sites while handling missing values. To meet these challenges, we
applied factor analysis for mixed data (FAMD) [36]. In particular, we used a version of
FAMD that can iteratively estimates missing values, implemented in the missMDA R
package [37]. We would retain dimensions that together explained at least 60% of the
variances of the 40 cytokines to empirically identify sets of 3 cytokines that mostly
contributed to forming each dimension. Afterwards, we used linear mixed-effects regression
models to examine how CMV or EBV intercept levels, HIV status, and intestinal site
interacted to influence activities of our set of 3 pre-selected cytokines. The CMV and EBV
intercepts were dichotomized for easier interpretation. In addition to the empirically selected
3 cytokines, CMV can induce IL-6, IFN-y and IL-1p, therefore those cytokines were
selected a priorito be part of the analysis [38-40]. Raw cytokine data (divided by HIVV
status, intestinal site and CMV/EBV detectability) are included as supplementary material
(Supplementary Figures 2 and 3).

Analysis of Microbiome Data—Of the 41 subjects, 2 healthy-control individuals and
one HIV-infected individual were excluded because microbiome data were available. To
model microbiome bacterial abundance data, we applied a Bayesian hierarchical regression
model with the HIV status, site, and CMV/EBYV intercept as fixed effects and subject ID as a
random intercept to each phylum separately. Similarly to the cytokine analysis described
above, the CMV and EBV intercepts were dichotomized for easier interpretation. Each
model included 2- and 3-way interactions among the fixed effects. If the maximum count
with a particular phylum equaled to 1, a binomial family was used; otherwise, a negative
binomial family was used to model the count data. We evaluated the probability of an
estimated parameter contained a zero or not with a 95% posterior credible interval. For a
reference purpose, “p-values” are provided by computing the proportion of posterior
samples that were greater or less than 0. We performed a principal coordinates analysis of all
the samples using the Unifrac metric at the OTU level according to the HIV and CMV/EBV
detection status. Raw microbiome data (divided by HIV status, intestinal site and CMV/EBV
detectability) are included as supplementary material (Supplementary Figures 4 and 5).

Sensitivity Analysis—To control for potential confounding effects of relevant covariates,
we performed sensitivity analysis for each outcome with sexual orientation, sex, age, body
Mass index (BMI), HIV RNA viral load (dichotomized to detected versus non detected), and
race.

AIDS. Author manuscript; available in PMC 2018 September 24.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Gianella et al.

RESULTS

Page 6

Study cohort

There were no statistically significant differences in terms of age, gender, and race among
the HIV-infected and the control subjects (Table 1). Among HIV-infected subjects, the mean
CD4* T cell count was 425 cells/ul. The HIV RNA levels were below the limit of detection
(<75 copies/ml) for 16 out of 19 patients; the remaining 3 subject had viral loads of 179,
1094 and 4604 copies /ml.

Among the 19 HIV-positive individuals, 12 self-identified as men who have sex with men
(MSM), 4 as heterosexuals and for 5 participants sexual orientation was unknown. Among
the 22 HIV-negative individuals, 16 were heterosexual, 4 MSM, and 2 had unknown
orientation.

Summary of Sequencing Data

We obtained 1,079,589 raw sequences, and 322,061,108 raw bases with an average of 8,849
sequences/sample at an average length of 298 bps/sequence. After quality—filtering, 455,452
total sequences and an average of 3,733 sequences per sample were available, that were
processed for the rest of the analysis as described in the methods. The sequences were
rarified to the minimum number of high-quality sequences in all samples and normalized by
total count for the diversity analyses [8].

Model results for intestinal CMV and EBV replication

Irrespective of HIV status, CMV and EBV were detected in at least one intestinal site in
60.5% and 78.9% of the study participants, respectively. Both variables were analyzed with
Bayesian hierarchical regression models with a binomial family with random intercepts.
HIV-infected individuals were less likely to present detectable CMV than HIV-uninfected
controls (median OR = 0.19 [95% Credible Interval = 0.03 ~ 0.78], Pg=0.02, Figure 1A),
and CMV was more likely to be detected in the terminal ileum than in the colon (OR = 3.20
[1.002 ~ 11.21], Pg=0.05). HIV-infected subjects were more likely to have detectable EBV
than HIV-uninfected controls (OR = 3.92 [1.08 ~ 21.41], Pg=0.04, Figure 1B), while the
odds of detecting EBV in the ilium was similar to that in the colon (OR=1.80 [0.64~5.76],
PB=0.3).

Model Results for Cytokine Activity Levels

Since CMV can induce IL-6, IFN-y and IL-1p, those cytokines were selected a priorito be
part of the analysis [38-40] and were not included in the following factor analysis. In the 36
subjects (20 control and 16 HIV-infected) with cytokine data, the FAMD method was
applied to 37 cytokine activities, as continuous variables and site as a categorical variable,
first imputing missing data and then extracting dimensions that together explained at least
60% of the variance: Dimension 1 explained 62.9% of the variance. Therefore, 3 cytokines
that contributed most to forming Dimension 1 were included in the final analysis: CCL2,
IL-8, IFN-BL1. In the subsequent analysis, the activity levels for six selected cytokines (i.e.,
three empirically selected CCL2, IL-8, IFN-B1 and three selected a priori IL-6, IFN-y and
IL-1B) are modeled against intestinal site, HIV status, and CMV/EBYV intercept levels.

AIDS. Author manuscript; available in PMC 2018 September 24.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Gianella et al.

Page 7

The subsequent model revealed a significant interaction between HIV status, intestinal site,
cytokine type and probability of detecting CMV (P<0.001). The CMV intercept was
dichotomized at the median (p(CMV+)= 0.27) to facilitate the interpretation. Specifically
among the HIV-uninfected controls, higher probabilities of detecting CMV was associated
with significantly up-regulated expression of all 6 pre-selected cytokines in the ileum (all
P<0.02) and higher expression of IL-8 and IFN-B1 in the colon (P<0.05, Figure 2). Presence
of CMV was not associated with any difference in mucosal gene expression among HIV-
infected subjects (all P>0.14). When CMV was detected at lower probabilities, gene
expression levels were significantly higher in HIV-infected participants than in HIV-
uninfected controls both in the ileum (all P<0.001) and in the colon (all P<0.05, except for
IL-1B: p=0.09). Conversely, when CMV was detectable with higher probability, gene
expression was not significantly different between the two groups in the colon (all P>0.17,
except for IL-1B: p=0.04) or in the ileum (all P>0.07, except for IL-1p: p<0.01). There was
no significant effect of detectable EBV on any colonic mucosal biopsy site in either group
(all P>0.17).

Model results for Intestinal Microbiome Composition

The relative abundance of the main pAy/a in the colon and ileum was assessed in relation to
HIV-status and presence of CMV or EBV. While HIV-infection was associated with
significantly lower beta-diversity [8], the number of OTU did not differ according to CMV
or EBV detection status. Principal coordinates analysis of all of the samples at the OTU level
confirmed clustering of samples by HIV-status, but not by CMV or EBV (Figure 3). Among
HIV-infected subjects, a higher probability of detecting CMV was associated with lower
relative abundance of Actinobacteria (p=0.03) in the ileum. CMV was not associated with
any significant shift in the microbiome composition of HIV-uninfected controls. There was
no significant association between detectable EBV and the microbiome composition for
either group or site.

Sensitivity Analysis

All described analyses were repeated with relevant covariates to control for potential
confounding effects. First, to assess the potential effect of sexual orientation among the HIV-
positive group, we divided HIV-positives into MSM (n=10~12), heterosexuals (n=0~4), and
unknown sexual orientation (n=3~4). Note that sample sizes are variables because of the
missing values for some outcomes. We did not observe any significant differences between
MSM and heterosexual people on CMV/EBYV shedding, cytokine expression, or microbiome
composition, regardless of how patients with unknown sexual orientation were imputed
(e.g., as MSM, heterosexual, or not imputed, ps>0.2). Second, we assessed the potential
confounding effects of other relevant covariates — sex, age, BMI, viral load (dichotomized
into detected (n=3) vs non-detected (n=15)), and race on each of the outcome. The only
significant covariate effect was the effect of sex on cytokines: males had overall higher
cytokine levels averaged across the 6 included in the model (1.66+0.80, p=0.03). More
importantly, all significant effects remained significant (ps<0.05) regardless of which
covariate was included in the model.

AIDS. Author manuscript; available in PMC 2018 September 24.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Gianella et al.

Page 8

DISCUSSION

Microbial translocation is linked to mucosal and systemic inflammation and is predictive of
disease progression and mortality in HIV-infected individuals [1, 5-7, 41]. It is important to
understand what factors, other than HIV itself, might influence the gut microbiome
composition and the mucosal inflammatory profile. After primary HIV-infection, T-cell
reconstitution in the gastrointestinal tract never reaches the levels observed in uninfected
patients [42, 43] and intestinal mucosa could serve as an important sanctuary of viral
reactivation. For example, CMV and EBV can replicate in the gut and might contribute to
local and systemic inflammation during HIV-infection [13].

In our study, we investigated the effect of subclinical CMV and EBV replication in the
intestinal mucosa on cytokine expression and microbiome composition of HIV-infected
subjects receiving ART and -uninfected controls.

We observed that CMV and EBV are frequently detected in the intestinal mucosa of virally
suppressed HIV-infected and -uninfected subjects. HIV-infected subjects had an increased
probability of detecting EBV compared to HIV-negative subjects. Surprisingly, the HIV-
infected subjects had significantly less CMV compared to HIV-uninfected subjects. This is
inconsistent with previous studies showing increased CMV shedding rates in blood and
other mucosal sites [13], especially genital and oral mucosa, and might be a consequence of
depletion of target cells in the gut of HIV-infected subjects.

In a previous study, we observed that HIV-infection was associated with up-regulation in the
expression of various genes involved in cellular and humoral immune response, cytokine
signaling and other relevant cellular pathways, compared to HIV-uninfected controls [11].
Using the same dataset, we investigated how the presence of detectable intestinal CMV and
EBV might affect mucosal cytokine expression.

To summarize the high-dimensional dataset, we used factor analysis for mixed data to
compute dimensions that together explained >60% of the total variance and a set of three
cytokines were identified (i.e., CCL2, IL-8, IFN-B1). Based on prior knowledge, IL-6, IFN-
v and IL-1pB were also included in the analysis. We found that the presence of detectable
CMV was associated with significantly up-regulated expression of all selected cytokines in
the ileum, as well as increased 1L-8 and IFN-B1 gene expression in the colon of HIV-
uninfected controls. Conversely, the presence of CMV was not associated with any
difference in mucosal gene expression among HIV-infected subjects. In fact, when CMV
was detectable, gene expression levels in the terminal ileum of HIV-uninfected controls was
similar to those of HIV-infected subjects. There was no significant effect of EBV replication
on any gut mucosal biopsy site in both groups.

In summary, similar to what was described for other mucosal sites [15, 44], our data
highlight a possible immune-modulatory role of CMV replication in the gut of HIV-
uninfected subjects. Both HIV and CMV are associated with similar pro-inflammatory
changes in the intestinal mucosa, but no additive effect was observed. It is unknown if the
observed increase in cytokine expression in the gut of HIV-uninfected subjects with
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detectable CMV, might be associated with a compromised mucosal epithelial function
initiating microbial translocation or any other clinical outcome.

Subsequently, we evaluated if presence of CMV or EBV was associated with any changes in
the intestinal microbiome composition. While HIV-infection was associated with
significantly lower beta-diversity [8], the number of OTU did not differ according to CMV
or EBV detection status. When looking at the relative abundance of the main pAy/ain the
colon and ileum, we observed that higher levels of CMV were significantly associated with
lower relative abundance of Actinobacteria (P=0.03) in the ileum of HIV-infected
individuals. Conversely, CMV was not associated with any significant shift in the
microbiome of HIV-uninfected controls.

There are several limitations to the current study. This exploratory microbiome analysis was
not powered to specifically address changes in the microbiome and cytokine composition
and their relationship with virological outcomes. In addition, sexual preference was not
matched between groups and this might have affected our results [45]. We only detected
CMV and EBV DNA and we did not look for the presence of structural proteins, so we
cannot definitively establish presence of active viral replication. Lastly, since CMV and
EBYV replication likely presents a patched pattern of infected cells in mucosal tissues, our
study will be subject to sampling error. As a result, the observed links between CMV and
EBYV replication and gut mucosal changes need to be confirmed in a larger cohort of study
subjects. Despite the mentioned limitations and even if its effect is much less dramatic than
HIV, CMV could play a modulatory role on the microbiome composition during HIV-
infection and affect the immune homeostasis in the gut.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Posterior mediansand 95% intervalsfor probabilities of detecting CMV (pCMYV, Panel
A) and EBV (pEBV, Panel B) DNA, derived from Bayesian hierarchical regression models

Y-axis represents individual study participants. Small dots represent observed data with
colors indicating sample sites (red = colon, blue = ileum). Large grey dots, vertical grey
lines, and the horizontal grey line indicate estimated random intercepts for subjects, 95%
intervals, and the group intercepts, respectively. Observed values are jittered to avoid
overlap.
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Figure 2. Cytokine levelsfor six selected cytokines (CCL-2, INFB1, IFNvy, IL1B, IL-6 and IL-8)
for HIV positive (in red) and HIV uninfected controls (in blue) divided by intestinal site (colon

versusileum)

X-axis shows probability of detecting CMV DNA (low versus high); Y-axis shows cytokine
levels (normalized to the average of the two housekeeping genes). The lines and grey areas

represent model-based estimates and their 95% confidence intervals
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Figure 3. Principal coordinates analyses (PCA) of gut microbiome beta diversity among HI V-

infected and uninfected control subjects, by CMV and EBV replication status

Panel A shows PCA applied to the Unifrac metric colored by HIV status and shaped by
CMV status. Similarly, Panel B shows PCA of all samples colored by HIV status and
shaped by EBYV status; x and y-axes represent first and second principal coordinates,

respectively.
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Figure 4. Relative abundance for Actinobacteriafor HIV positive (in red) and HIV uninfected
controls (in blue) divided by intestinal site (colon versusileum) and by CMV detection status

X-axis shows probability of detecting CMV DNA (low versus high); Y-axis shows relative
abundance (log transformed) of Actinobacteria phylum. The large dots and vertical lines
represent means and their 95% confidence intervals
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Table 1

HIV-Uninfected Controls (n=22)  HIV-Infected Subjects (n=19)

Age in years, Median (IQR) 54.5 (51-59) 52 (50-55)
Sex, Male/Female 17/5 16/3
Sexual Orientation
Homosexual 16 12
Heterosexual 4 3
Not known 2 4
BMI in kg, Median (IQR) 29.7 (25.7-31) 24.8 (22.7-32.3)
Race

African American 12 8

Asian 1 1

Hispanic 6 6

White 3 4
CD4, Median (IQR) N/A 334 (220-581)
HIV RNA cp/mL, Median (min-max) - nd (nd-4604)
lleum Biopsy Samples 14 15
Right Colon Biopsy Samples 22 19
Left Colon Biopsy Samples 22 16
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