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Abstract
The significance of elevated plasma levels of bacterial lipopolysaccharide (LPS) in persons with
chronic HIV infection remains undefined. We measured LPS levels by use of limulus lysate assay,
and DNA sequences encoding bacterial ribosomal 16S RNA (16S rDNA) were assessed by
quantitative polymerase chain reactions in plasma samples obtained from 242 donors. Plasma levels
of 16S rDNA were significantly higher in human immunodeficiency virus (HIV)–infected subjects
than in uninfected subjects, and they correlated with LPS levels. Higher levels of 16S rDNA were
associated with higher levels of T cell activation and with lower levels of CD4 T cell restoration
during antiretroviral therapy. Antiretroviral therapy reduces but does not fully normalize plasma
levels of bacterial 16S rDNA, an index of microbial translocation from the gastrointestinal tract. High
levels of 16S rDNA during therapy are strongly associated with reduced increases in the CD4+ T
lymphocyte count, irrespective of plasma HIV RNA levels. These findings are consistent with the
importance of microbial translocation in immunodeficiency and T cell homeostasis in chronic HIV
infection.

Depletion of circulating CD4 T cells is the hallmark of the progressive immunodeficiency
associated with HIV infection. Although HIV replicates within and can result in the destruction
of CD4+ T cells [1,2], the mechanisms whereby HIV infection results in CD4+ T cell depletion
are incompletely understood [2-4]. Chronic immune activation is independently associated
with disease progression [5] and CD4+ T cell loss [6]. Although there is increasing consensus
that immune activation is central to the pathogenesis of HIV disease, the mechanisms whereby
activation drives immunodeficiency are poorly understood.
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Recently, we demonstrated evidence of increased microbial translocation from the damaged
gut in patients with chronic HIV infection [7]. High levels of the Toll-like receptor 4 ligand
lipopolysaccharide (LPS) were measured in plasma samples obtained from persons with
chronic HIV infection and were correlated with indices of innate and adaptive immune
activation. LPS levels were increased in pathogenic simian immunodeficiency virus (SIV)
infection in rhesus macaques but not in natural nonpathogenic SIV infection in sooty
mangabeys, suggesting that persistent exposure to microbial products is mechanistically
involved with HIV/SIV immunopathogenesis [8].

Combination antiretroviral therapy (ART) can durably suppress viral replication to levels
below the limits of detection in most persons. As a result, the numbers of circulating CD4+ T
lymphocytes increase, with many individuals eventually achieving “normal” peripheral
CD4+ T cell counts. In a signifi-cant proportion of treated patients, however, the peripheral
CD4+ T cell counts are not restored, at least through 5−7 years of treatment [9,10]. Persistently
low CD4+ T cell counts are associated with significant increases in non–AIDS-associated
morbidities, including cardiovascular disease, liver disease, cancer, and, perhaps, renal disease
[11]. The mechanisms for blunted CD4+ T cell gains are likely multiple and include thymic
dys-function, failure of naive T cell expansion, and persistent immune activation [12-15].

Given the uncertainties regarding the clinical significance of microbial translocation in both
untreated and treated HIV infection, we initiated a series of 3 related studies to achieve 2
objectives. Our first objective was to use markers other than LPS to confirm that HIV infection
is associated with high plasma levels of microbial products. Because LPS is a component of
the cell wall of gram-negative bacteria (and, thus, is only present on a proportion of enteric
bacterial microbiota [8]), we designed primers and probes to amplify DNA sequences encoding
the well-conserved 16S rRNA subunit (16S rDNA) common to most bacteria. Our second
objective was to determine the associations between plasma levels of bacterial products and
both immune activation and treatment-mediated immune reconstitution. Our findings suggest
that microbial translocation from the damaged gut is a likely contributor to immune activation
and CD4 T cell homeostasis in untreated and treated chronic HIV infection.

MATERIALS AND METHODS
Study subjects

These studies were approved by the institutional review boards at the University Hospitals of
Cleveland, the National Institutes of Health, and the University of California, San Francisco
(UCSF), as well as at participating AIDS Clinical Trials Unit sites. Plasma samples were
collected into tubes containing EDTA and were stored at −80°C until they were thawed once
for study. Three distinct cohorts were examined. The first cohort was based at Case Western
Reserve University, and the second was based on the UCSF Study on the Consequences of the
Protease Inhibitor Era (SCOPE) cohort study, an ongoing prospective study focused on
defining the pathogenesis of treated HIV infection (table 1). The final study included patients
enrolled in AIDS Clinical Trials Group (ACTG) study 5014. In the present longitudinal study,
54 treatment-naive patients with plasma HIV RNA levels of 5000−100,000 copies/mL and
CD4+ T cell counts of <500 cells/μL were randomized to receive treatment with (1) lopinavir/
ritonavir and nevirapine or (2) stavu-dine, lamivudine, and nevirapine. Separate analyses are
presented for each cohort.

Plasma DNA isolation
DNA was extracted from 200 μLof plasma by use of the DNeasy Blood and Tissue Kit (Qiagen),
according to the manufacturer's instructions. A DU 640 spectrophotometer (Beckman) was
used to determine DNA concentration.
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Quantitative polymerase chain reaction (PCR) for measurement of bacterial 16S rDNA
A 20-μL amplification reaction consisted of 2 μL of 10× PCR buffer (100 mmol/L Tris-HCl,
pH 8.3; and 500 mmol/L KCl [Invitrogen]), 3.5 mmol/L MgCl2, 0.2 mmol/L deoxynucleoside
triphosphate, 0.5 μmol/L forward and reverse primers, 0.32 μmol/L probe (338P: 5'-FAM-GCT
GCC TCC CGT AGG AGT-BHQ1−3'), 0.75 U of Platinum Taq polymerase (Invitrogen), and
5 μL of the template plasma DNA. Degenerate forward (8F: 5'-AGT TTG ATC CTG GCT
CAG-3') and reverse (515R: 5'-GWA TTA CCG CGG CKG CTG-3') primers were used to
amplify DNA templates encoding 16S rRNA [16]. The DNA was amplified in triplicate, and
mean values were calculated. A standard curve was created from serial dilutions of plasmid
DNA containing known copy numbers of the template. The reaction conditions for
amplification of DNA were 95°C for 5 min, followed by 45 cycles at 95°C for 15 s and at 60°
C for 1 min. Intra-assay variability typically is <5%.

Plasma levels of LPS
Plasma samples were diluted to 10% with endotoxin-free water and then were heated to 85°C
for 12 min to inactivate inhibitory plasma proteins. We then quantified plasma LPS with a
commercially available limulus amebocyte assay (Cambrex), according to the manufacturer's
protocol. We ran samples in duplicate, and background attributable to the turbidity of the
diluted plasma was subtracted. This commercial assay for plasma LPS is more rapid and less
expensive, and it requires less time than does the assay for bacterial 16S rDNA; however, the
LPS assay has greater interassay variability than does the bacterial 16S rDNA assay (25% vs.
10%).

Flow cytometry
Flow cytometric studies were performed using a consensus whole-blood lysis method [17]. In
brief, 20 μL of fluorochrome-labeled monoclonal antibody was added to 100 μL of EDTA-
anticoagulated whole blood. The mixture was incubated at room temperature for 15 min, and
red blood cells were then lysed. The samples were then washed, fixed, and analyzed by flow
cytometry. The following antibodies were used: anti-CD38 –phycoerythrin (PE), anti-CD8 –
peridinin chlorophyll protein (Percp), anti-CD4 –Percp, anti-CD38 –PE, anti–HLA-DR–
fluorescein isothiocyanate, and appropriate isotype control monoclonal antibodies (BD
PharMingen).

Statistical analysis
We used conventional measurements of central location and dispersion to describe the data,
and we compared pairs of variables by use of Mann-Whitney's U test or Wilcoxon's signed
rank test, depending on the associations between variables. We used the Kruskal-Wallis H test
or Friedman's test for comparisons of >2 variables. To explore associations between pairs of
continuous variables, we used Spearman's rank correlation. To analyze the change in
continuous variables over time during repeated measurements in the longitudinal study, and
to account for the effect of other factors and covariates, we fitted mixed-effects models, using
an unstructured repeated covariance approach in most cases, unless otherwise suggested by
the data. To analyze the association of 16S rDNA levels with treatment after controlling for
intervening variables, we used robust multiple regression to account for the presence of extreme
outliers and unequal sample sizes. Analyses were performed using SPSS software (version
16.01; SPSS) and Stata MP (version 10; Stata) without explicit correction for multiple
comparisons. All tests were 2-sided, and P ≤ .05 was considered to denote statistical
significance.
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RESULTS
Characteristics at baseline

Fifteen HIV-uninfected subjects and 227 HIV-infected persons from 3 cohorts were analyzed.
In the first study (based at Case Western Reserve University), we obtained plasma samples
from 4 groups: HIV-uninfected adults (n = 15); antiretroviral-naive, untreated HIV-infected
adults (n = 19; median plasma HIV RNA level, 14,300 copies/mL; median CD4+ T cell count,
432 cells/μL); antiretroviral-treated patients with undetectable viremia (n = 22; median
CD4+ T cell count, 654 cells/μL); and antiretroviral-treated persons with detectable viremia
(n = 18; median CD4+ T cell count, 230 cells/μL; median plasma HIV RNA level, 15,275
copies/mL) (table 1). The second study (involving the UCSF SCOPE cohort) focused on
determining the association between LPS, 16S rDNA, and immune reconstitution during long-
term effective combination therapy (as defined by a plasma HIV RNA level of <1000 copies/
mL; 92 of 114 persons had an undetectable plasma HIV RNA level). A total of 114 patients
were studied (median CD4+ T cell count, 391 cells/μL; median duration of effective therapy,
28.1 months). The third study was a longitudinal analysis of HIV-infected persons who initiated
combination ART. Samples were analyzed at baseline and at 1, 8, and 48 weeks after the
initiation of combination therapy. A total of 54 baseline samples were analyzed, and samples
for all time points were available from 20 patients with a median pretherapy plasma HIV RNA
level and a median CD4+ T cell count of 21,170 copies/mL and 354 cells/μL, respectively.

Increased bacterial 16S rDNA levels in persons with untreated or treated HIV infection
We first analyzed data from the Case Western Reserve University cohort. Bacterial 16S rDNA
was not detected in plasma samples obtained from any of the HIV-uninfected adults (figure 1)
(The lowest level of reliable detection for this assay is 5 copies/μL). In contrast, bacterial 16S
rDNA was detectable in 18 of 19 antiretroviral-untreated HIV-infected persons (median level,
132.5 copies/μL). Long-term combination therapy was associated with bacterial 16S rDNA
levels lower than those observed in untreated subjects, but these levels often remained
detectable. The levels of bacterial 16S rDNA were lower in treated persons with undetectable
viremia (median, 8.6 copies/μL) than in those with detectable viremia (22.8 copies/μL);
however, this difference was not statistically significant. The differences among HIV-negative
persons, untreated HIV-infected persons, and the combined groups of treated HIV-infected
persons (i.e., both viremic and aviremic persons) were highly significant (P < .001, for each
pairwise comparison).

There was a significant direct association between bacterial 16S rDNA levels and plasma HIV
RNA levels among the untreated HIV-infected subjects (r = 0.51; P = .03) (figure 2A) but not
among the treated HIV-infected subjects. There was no association between bacterial 16S
rDNA levels and CD4+ T cell counts (figure 2B).

Association of persistently elevated bacterial 16S rDNA levels during effective ART with
persistent T cell activation and blunted CD4+ T cell gains

To explore further the associations among microbial translocation and immune restoration
during long-term ART, we measured bacterial LPS and 16S rDNA, T cell activation, and
treatment-associated increases in peripheral CD4+ T cell counts in 114 persons enrolled in the
UCSF SCOPE cohort. As expected, the levels of LPS and bacterial 16S rDNA were correlated
with each other (r = 0.31; P = .0009) (figure 3). Higher plasma levels of bacterial DNA were
associated with higher levels of CD8+ T cell activation (r = 0.18; P = .047) (figure 4A).

The treatment-mediated changes in CD4+ T cell counts during long-term ART were associated
with higher levels of 16S rDNA (r = −0.22; P = .02) (figure 4B) and the level of T cell activation
(r = −0.4; P < .0001) (figure 4C). Even after adjustment for the duration of ART, the
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pretreatment CD4+ T cell count, both current and pretreatment plasma HIV RNA levels, age,
sex, and CD8+ T cell activation level, every 100-copy/μL increase in the bacterial DNA level
was associated with a mean of 11 fewer CD4+ T lymphocytes/mm3 gained (P = .015),
suggesting an influence of microbial translocation on CD4+ T cell recovery that is largely
independent of measured CD8+ T cell activation levels.

ART and progressive decreases in plasma bacterial 16S rDNA levels
The cross-sectional data outlined above suggest that ART partially decreases plasma levels of
bacterial 16S rDNA and that persistent microbial translocation is mechanistically associated
with immune activation and blunted CD4+ T cell gains during therapy. To further explore the
complex association among these indices, we examined samples obtained before and at 1, 8,
and 48 weeks after initiation of ART. Plasma levels of bacterial 16S rDNA decreased
consistently over time, with the difference from baseline reaching statistical significance at
weeks 8 and 48 (P = .021 and P = .025, respectively) (figure 5A). Immune activation indices
and plasma levels of HIV RNA also decreased (figures 5B and 5C), whereas CD4+ T cell
numbers increased (figure 5D). Repeated-measures analysis indicated that the decrease in the
16S rDNA level was independent of changes in HIV RNA levels (adjusted P = .03).
Interestingly, although bacterial 16S rDNA levels decreased progressively during follow-up,
they remained higher among participants in the longitudinal study after 48 weeks of therapy
than among patients with undetectable HIV RNA levels in the first cross-sectional study
(median level, 75 vs. 8.6 copies/μL). Because the median duration of HAART in the cross-
sectional Case Western Reserve University study (in excess of 6 years) was considerably
greater than 48 weeks of follow-up in the longitudinal study, this finding might reflect
continued recovery of the epithelial barrier or improved clearance of bacterial products with
sustained immune recovery during receipt of ART.

In this longitudinal ACTG 5014 treatment study, pretreatment plasma levels of bacterial 16S
rDNA were positively correlated with CD8+ T cell activation, as defined by the coexpression
of CD38 and HLA-DR (r = 0.37; P = .007) (figure 6A). This observation is consistent with our
previous finding that LPS levels are strongly correlated with immune activation during chronic
infection [7, 18]. As noted above, 16S DNA levels were also associated with CD8+ T cell
activation during long-term suppressive therapy (figure 4A).

As we found in the ACTG 5014 study, there was an association between the plasma 16S rDNA
level and CD4+ T lymphocyte reconstitution after 48 weeks of treatment (r = −0.56; P = .01)
(figure 6B). Mixed-effects modeling indicated that, even after controlling for a highly active
ART (HAART)–induced decrease in the plasma HIV RNA level from baseline to week 48,
16S rDNA levels at the end of the treatment period were significantly and negatively associated
with the rate of increase in the number of CD4+ T lymphocytes during that interval (adjusted
P value, .04). There was, however, no significant association between plasma levels of bacterial
DNA and CD4 T cell restoration at earlier time points (weeks 1 and 8) after initiation of
HAART, suggesting that the association between microbial translocation and CD4 T cell
homeostasis is more closely related to the cellular turnover of chronic infection than to the
rapid first-phase increase in circulating CD4 T cells after the application of HAART [19, 20].

DISCUSSION
There is increasing evidence that broad immune activation is an important driver of disease
pathogenesis and CD4 T cell depletion in chronic HIV infection [21-24]. In our current follow-
up study, we asked whether markers of microbial translocation other than LPS are elevated
during HIV disease and whether these markers are associated with rates of immune
reconstitution during ART. By measuring the presence of conserved sequences of 16S rDNA
common to most bacteria, we confirmed that untreated HIV infection is consistently associated
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with high systemic levels of microbial products. Although these levels decrease with effective
ART, they remain elevated, even in patients whose virus had been reduced to undetectable
levels for several years. Treatment-associated reductions in microbial translocation are related
to the change in peripheral CD4+ T lymphocyte counts; importantly, this effect appeared to be
independent of the treatment-associated change in viral load. These data suggest that the degree
of residual microbial translocation during therapy is strongly associated with the degree of
immune restoration.

Our data [7,18], as well as emerging data from other investigators [25], indicate that bacterial
products (LPS and bacterial DNA) are often circulating in the plasma of HIV-infected patients.
The most likely source of these bacterial products is the gastrointestinal tract [7], in which
mucosal defenses are profoundly disrupted by HIV infection. Our data provide evidence that
this translocation is not limited to elements of the gram-negative cell wall but, rather, includes
bacterial genetic elements as well.

Our data indicate that HIV infection results in higher plasma levels of bacterial products. In
our cross-sectional studies, plasma levels of HIV correlated weakly with plasma levels of
bacterial 16S rDNA among untreated persons. Across each study, patients who had received
treatment for longer periods had, on average, lower levels of bacterial 16S rDNA. There
appeared to be an association between the duration of effective HAART and plasma levels of
bacterial DNA, with levels decreasing from >114 copies/μL before therapy to ∼76 copies/μL
after 1 year of therapy, to <34 copies/μL after a median of 2 years of therapy and to 17 copies/
μL after an average duration of therapy of ∼6 years. Importantly, these levels rarely decreased
to the undetectable levels found in HIV-seronegative persons. The effect of HAART on
bacterial 16S rDNA levels is seen as early as 1 week after therapy. This finding suggests that
viral replication either directly or indirectly drives microbial translocation. This could be
mediated through an effect of viral replication on host immune defenses within the gut or,
perhaps, a direct effect on other mucosal cells that maintain gut integrity. The progressive
decrease in microbial translocation with prolonged ART may be best explained by ongoing
partial repair of the mucosal barrier or, conceivably, enhanced clearance from blood. The lack
of an association between the circulating CD4+ T cell count and levels of bacterial DNA in
plasma suggest that the damaged mucosal barrier is not simply a consequence of generalized
immune impairment but, rather, is more likely related to early damage to the gut during acute
infection.

We observed a consistent association between plasma bacterial 16S rDNA levels and T cell
activation: expression of CD38 and HLA-DR. This association was present in untreated
patients with HIV infection and in treated patients with low levels of viremia (<1000 copies
RNA/mL). That microbial translocation might drive inflammation is not a surprise. We recently
demonstrated that a variety of microbial Toll-like receptor agonists, including LPS and
bacterial DNAs, can drive T cell activation in vitro, resulting in heightened expression of CD38
and movement of central memory CD4+ T cells into cell cycle and death [26], a phenotype
similar to that seen in chronic HIV infection [27,28]. Microbial products can produce a similar
phenotype in vivo. Krabbe et al. [29] reported that, after intravenous injection of endotoxin
into healthy donors, there was an increase in CD38 expression on circulating T cells and a loss
of activated T cells from circulation.

One of the more unexpected findings of the present study was the relatively low levels of
bacterial 16S rDNA in treated persons who had detectable viremia (compared with untreated
persons, who had comparable levels of viremia but much higher levels of bacterial 16S rDNA).
This observation suggests that partially effective therapy might have profound effects on the
functional integrity of the gut mucosa in much the same way that partially effective therapy is
often associated with sustained CD4+ T cell gains [30,31]. Whether this effect is a result of the

Jiang et al. Page 6

J Infect Dis. Author manuscript; available in PMC 2009 August 18.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



selection of a less fit and, perhaps, less virulent virus will require further study. It is likely,
however, that this relative decrease in microbial trans-location confers some degree of benefit,
and may explain, in part, the consistent observation that T cell activation is often lower in
treated patients with detectable viremia than in untreated patients with comparable plasma HIV
RNA levels [32].

We also explored the association between microbial translocation and the magnitude of
CD4+ T cell restoration during ART. In ACTG study 5014, the degree of persistent microbial
translocation was strongly associated with the degree of immune reconstitution, as defined by
increases in the numbers of circulating CD4+ T cells. This association was independent of
changes in viremia. In our UCSF-based cross-sectional study, plasma levels of bacterial DNA
were associated with the degree of treatment-mediated change in CD4+ T cell counts,
independent of both viral load and immune activation. There are at least 2 mechanisms that
could explain this association. On the one hand, the degree of peripheral CD4+ T cell restoration
may be a good marker for the degree of mucosal repair. Alternatively, the degree of residual
microbial translocation during HAART may regulate the ability of the immune system to
restore peripheral CD4+ T lymphocytes, perhaps by driving cellular turn-over through the
mechanisms outlined above. It is also possible that the interaction is bidirectional and that, in
some patients, a vicious cycle ensues, with persistent microbial translocation leading to limited
immune reconstitution, which then leads to continued dysfunction of the mucosal barrier and
sustained microbial translocation.

Sustained or intermittent translocation of microbial elements is also observed in other chronic
diseases, including inflammatory bowel disease [33]. Because neither CD4+ T lymphopenia
nor cell-mediated immunodeficiency is a recognized concomitant of untreated inflammatory
bowel disease [33,34], it would appear that the virus maintains a central role in CD4+ T cell
depletion. In this model, systemic levels of microbial products predict CD4+ T cell changes,
even in the absence of detectable viremia suggesting that even low levels of HIV replication
or their downstream consequences are sufficient to impair CD4+ T cell homeostasis.

In summary, we found elevated levels of bacterial 16S rDNA in the circulation of persons with
chronic HIV infection. Levels decreased after the initiation of ART but did not normalize.
Bacterial 16S rDNA levels in plasma were correlated with bacterial LPS levels, with indices
of immune activation and inversely correlated with the magnitude of CD4+ T cell restoration
after ART. These findings are consistent with a model wherein translocation of microbial
products through the damaged gut epithelium plays an important role in the pathogenesis of
HIV-induced immunodeficiency.
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Figure 1.
Elevation of bacterial 16S ribosomal DNA (rDNA) levels in the plasma of HIV-infected
subjects in the Case Western Reserve University study (cross-sectional study 1). Bacterial 16S
rDNA levels were measured by quantitative polymerase chain reaction. P values were
calculated using the Mann-Whitney U and Kruskal-Wallis H tests. HAART, highly active
antiretroviral therapy; HIV−, HIV negative; VL, viral load.
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Figure 2.
Correlation of plasma levels of bacterial 16S ribosomal DNA (rDNA) with HIV RNA levels
(A) but not with circulating CD4+ T cell counts (B). P values were calculated using Spearman's
correlation test. Data were derived from the Case Western Reserve University cohort (cross-
sectional study 1). HAART, highly active antiretroviral therapy; VL, viral load.
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Figure 3.
Correlation of plasma levels of bacterial 16S ribosomal DNA (rDNA) with plasma levels of
lipopolysaccharide (LPS) among antiretroviral therapy–treated patients with low or
undetectable HIV viremia. P values were calculated using Spearman's correlation test. All
patients were followed in the University of California, San Francisco Study on the
Consequences of the Protease Inhibitor Era (SCOPE) cohort study (cross-sectional study 2).
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Figure 4.
Correlation of plasma levels of bacterial 16S ribosomal DNA (rDNA) with indices of CD8 T
cell activation and cellular restoration. A, Plasma 16S rDNA levels correlate directly with the
frequency of CD38 and HLA-DR expression on CD8+ T cells. B, Plasma 16S rDNA levels
correlate inversely with the magnitude of CD4+ T lymphocyte restoration after antiretroviral
therapy (ART). C, Increases in CD4+ T lymphocyte counts after ART correlate inversely with
the proportions of CD8+ T cells expressing CD38 and HLA-DR. P values were calculated
using Spearman's correlation test. All patients were followed in the University of California,
San Francisco Study on the Consequences of the Protease Inhibitor Era (SCOPE) cohort study
(cross-sectional study 2).
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Figure 5.
Effects of antiretroviral therapy on plasma levels of bacterial 16S ribosomal DNA (rDNA),
HIV RNA levels, immune activation, and CD4 T cell counts. A, Progressive decrease in plasma
levels of bacterial 16S rDNA after administration of effective combination antiretroviral
therapy (ART). B, Decreased expression of CD38 and HLA DR on CD8+ T cells in association
with receipt of combination ART. C, Plasma levels of HIV RNA decrease with combination
ART. D, CD4 T cell counts increase with combination ART. Comparisons are made to baseline
values after 1, 8, and 48 weeks of ART. Data shown are median values and 95% confidence
intervals. P values were calculated using the Wilcoxon signed rank test (n = 20) (AIDS Clinical
Trials Group 5014 longitudinal study). HAART, highly active antiretroviral therapy.
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Figure 6.
Correlation of pretreatment plasma levels of bacterial 16S ribosomal DNA (rDNA) with indices
of immune activation, and inverse correlation, after 48 weeks of therapy, with the magnitude
of immune restoration. A, In treatment-naive subjects, correlation of plasma levels of bacterial
16S rDNA with frequencies of CD38+HLA-DR+CD8+ T cells (n = 54). B, At the end of 48
weeks of antiretroviral therapy, inverse correlation of plasma levels of bacterial 16S rDNA
with the magnitude of increases in CD4 T cell counts (n = 20). P values were calculated using
Spearman's correlation test (AIDS Clinical Trials Group 5014 longitudinal study) (Note:
baseline samples were available for 54 subjects; only 20 subjects had samples available for
analysis at baseline and at weeks 1, 8, and 48).

Jiang et al. Page 15

J Infect Dis. Author manuscript; available in PMC 2009 August 18.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Jiang et al. Page 16
Ta

bl
e 

1
C

ha
ra

ct
er

is
tic

s o
f t

he
 2

 c
ro

ss
-s

ec
tio

na
l s

tu
dy

 g
ro

up
s.

C
ro

ss
-s

ec
tio

na
l s

tu
dy

 1

H
IV

 p
os

iti
ve

,
re

ce
iv

in
g 

H
A

A
R

T

H
IV

−
W

ith
lo

w
 V

L
W

ith
hi

gh
 V

L
H

IV
+ , H

A
A

R
T

na
iv

e
C

ro
ss

-s
ec

tio
na

l
st

ud
y 

2a

C
ha

ra
ct

er
is

tic
Pa

tie
nt

s,
no

.
M

ed
ia

n
(I

Q
R

)
Pa

tie
nt

s,
no

.
M

ed
ia

n
(I

Q
R

)
Pa

tie
nt

s,
no

.
M

ed
ia

n
(I

Q
R

)
Pa

tie
nt

s,
no

.
M

ed
ia

n
(I

Q
R

)
Pa

tie
nt

s,
no

.
M

ed
ia

n
(I

Q
R

)

A
ge

, y
ea

rs
15

26
 (2

2−
41

)
22

50
 (4

1−
54

)
18

44
 (4

0−
50

)
19

50
 (4

2−
54

)
11

4
44

 (4
0−

49
)

C
D

4+  c
ou

nt
b

. .
 .

22
65

3.
5 

(4
07
−8

09
)

18
22

9.
5 

(1
04
−2

80
)

19
43

2 
(3

39
−6

08
)

11
4

39
1 

(2
30
−6

04
)

Pl
as

m
a 

V
Lc

. .
 .

22
40

0 
(4

00
−4

00
)

18
15

,2
75

 (2
36

0−
57

,4
00

)
19

14
,3

00
 (5

08
0−

23
,9

00
)

11
4

40
0 

(4
00
−4

00
)

N
O

T
E

. C
ro

ss
-s

ec
tio

na
l s

tu
dy

 1
, t

he
 C

as
e 

W
es

te
rn

 R
es

er
ve

 U
ni

ve
rs

ity
 st

ud
y;

 c
ro

ss
-s

ec
tio

na
l s

tu
dy

 2
, U

ni
ve

rs
ity

 o
f C

al
ifo

rn
ia

, S
an

 F
ra

nc
is

co
 S

tu
dy

 o
n 

th
e 

C
on

se
qu

en
ce

s o
f t

he
 P

ro
te

as
e 

In
hi

bi
to

r E
ra

 (S
C

O
PE

) c
oh

or
t s

tu
dy

; H
A

A
R

T,
 h

ig
hl

y 
ac

tiv
e 

an
tir

et
ro

vi
ra

l t
he

ra
py

;

H
IV

+ ,
 H

IV
 p

os
iti

ve
; H

IV
−  

ne
ga

tiv
e;

 IQ
R

, i
nt

er
qu

ar
til

e 
ra

ng
e;

 V
L,

 v
ira

l l
oa

d.

a H
IV

+  
in

di
vi

du
al

s r
ec

ei
vi

ng
 H

A
A

R
T.

b C
D

4+
 T

 c
el

l c
ou

nt
, e

xp
re

ss
ed

 a
s t

he
 n

o.
 o

f c
el

ls
 p

er
 m

ic
ro

lit
er

.

c Ex
pr

es
se

d 
as

 th
e 

no
. o

f H
IV

 R
N

A
 c

op
ie

s p
er

 m
ill

ili
te

r.

J Infect Dis. Author manuscript; available in PMC 2009 August 18.


