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Background. Microbial translocation has been implicated in the pathogenesis of liver fibrosis and cirrhosis. We
sought to determine whether markers of microbial translocation are associated with liver disease progression during
coinfection with human immunodeficiency virus (HIV) and hepatitis C virus (HCV).

Methods. We measured serial plasma lipopolysaccharide (LPS), endotoxin core antibody, intestinal fatty acid–
binding protein (I-FABP), soluble CD14 (sCD14), interleukin 6 (IL-6), interleukin 10, and tumor necrosis factor α
(TNF-α) levels over a 5-year period in 44 HIV/HCV-coinfected women, 21 of whom experienced liver disease pro-
gression and 23 were nonprogressors.

Results. While LPS levels did not differ significantly over time between progressors and nonprogressors
(P = .60), progressors had significantly higher plasma levels of sCD14, a marker of monocyte activation by LPS, at
the first time point measured (P = .03) and throughout the study period (P = .001); progressors also had higher IL-6
and I-FABP levels over the 5-year study period (P = .02 and .03, respectively). The associations between progression
and sCD14, I-FABP, and IL-6 levels were unchanged in models controlling for HIV RNA and CD4+ T-cell count.

Conclusions. Although LPS levels did not differ between liver disease progressors and nonprogressors, the associ-
ation of sCD14, I-FABP, and IL-6 levels with liver disease progression suggests that impairment of gut epithelial integ-
rity and consequent microbial translocation may play a role in the complex interaction of HIV and HCV pathogenesis.
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Liver disease, most often due to hepatitis C virus
(HCV), is an increasingly common cause of morbidity
and mortality among persons infected with human im-
munodeficiency virus (HIV) [1–3]. It is clear that HIV
accelerates the course liver disease progression among
coinfected persons, but the cause of this accelerated
progression is not fully understood [1, 4].

Microbial translocation has been implicated in the
pathogenesis of liver disease associated with alcoholism
and graft versus host disease [5–7]. Kupffer cells, which
are hepatic macrophages, can be activated by lipopoly-
saccharide (LPS). Free LPS binds to Kupffer cells via in-
teraction with LPS binding protein and CD14 [8]. The
LPS complex, via Toll-like receptor 4 (TLR4) and tran-
scription factor nuclear factor κ-B, sensitizes hepatic
stellate cells to transforming growth factor β and the ac-
tivating effects of Kupffer cells. Activated stellate cells
produce a matrix rich in type 1 collagen, leading to
hepatic fibrosis [9]. How important these mechanisms
are in HIV/HCV-associated liver disease is unclear.

Events early in HIV infection result in translocation
of microbes and microbial products across the gut
mucosa into the systemic circulation. The destruction
of gut-associated lymphoid tissue occurs early in HIV
infection through virus-induced apoptosis of CD4+ T
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lymphocytes of the intestinal submucosa [10–12] and increases
the permeability of the gut. There are limited data on the influ-
ence of microbial translocation on HIV/HCV-associated liver
disease progression during HIV infection. Balagopal et al, in a
cross-sectional study of HIV/HCV-coinfected persons, demon-
strated that low CD4+ T-cell counts and high LPS levels were
independently associated with cirrhosis [13]. In a look-back
study of 53 HIV-infected individuals with hepatitis C, elevated
LPS levels were seen ≤1 year but not >1 year before cirrhosis di-
agnosis [13].

We sought to add to the understanding of the influence of
microbial translocation on HIV/HCV-associated liver disease
by comparing longitudinal plasma markers of microbial trans-
location, macrophage activation, and inflammation in HIV/
HCV-coinfected women who experienced significant liver
disease progression to markers in women who experienced
minimal or no progression.

METHODS

This study involved women from the Chicago site of the
Women’s Interagency HIV Study (WIHS). The WIHS is a lon-
gitudinal study of HIV-infected and demographically similar
uninfected women at 6 sites: Chicago, San Francisco Bay Area,
Brooklyn and Bronx/Manhattan, New York, Washington,
D. C., and Los Angeles. Women are seen semiannually for an
interview, physical examination, and collection of blood and
genital specimens. Informed consent was obtained from all
participants in accordance with US Department of Health and
Human Services guidelines and the institutional review boards
of participating institutions. The cohort was designed to reflect
the demographic characteristics of US women infected with
HIV. Details of cohort recruitment, retention, and demograph-
ic characteristics are published elsewhere [14, 15].

Study subjects were HIV/HCV-coinfected women. HCV in-
fection was defined as HCV antibody and RNA positivity at
baseline measurement. Soluble markers of microbial transloca-
tion, intestinal mucosal integrity, and inflammation were mea-
sured from banked specimens, frozen at −80°C since collection.
We compared markers from retrospectively defined intervals
during which women manifested liver disease progression to
intervals during which there was no clinical, pathological, or
noninvasive-marker-based evidence of liver disease progres-
sion. Liver disease was ascertained by analysis of a liver biopsy
specimen, confirmation of liver-associated death, or measure-
ment of the following noninvasive markers: aspartate transami-
nase (AST) level to platelet count ratio index (APRI), calculated
as ([AST level/upper limit of the normal AST level]/[platelet
count]) × 100, where the AST level is expressed as units/liter
and the platelet count is expressed as the number of platelets/
liter multiplied by 109; and the fibrosis 4 (FIB-4) score, calculat-
ed as ([age × AST level]/[platelet count × ALT level])1/2, where

the age is expressed in years, the AST and alanine transami-
nase (ALT) levels are expressed in units/liter, and the platelet
count is expressed as the number of platelets/liter multiplied by
109 [16–19]. Liver-associated death was ascertained by review
of death certificate. In the case of liver-associated death, the
soluble markers were measured on a specimen obtained ap-
proximately 1 year before death to ensure that liver disease was
present but to avoid measurement of markers that may reflect
premortem infectious or inflammatory conditions.

Soluble markers were measured at 3 time points for each
woman; time points were approximately 2.5 years apart. Time
1 (T1) for all women was a point when liver biopsy and both
APRI (<0.5) and FIB-4 score (<1.45) indicated no or minimal
fibrosis and self-report indicated no clinical evidence of end-
stage liver disease. For liver disease progressors, T3 was a point
5 years later when there was biopsy-confirmed cirrhosis or
bridging fibrosis, liver-associated death within approximately 1
year, or the APRI (>1.5) and FIB-4 score (>3.25) were consis-
tent with cirrhosis. For nonprogressors, T3 was a point when
there was no clinical evidence of end-stage liver disease and
when liver biopsy or both APRI (<0.5) and FIB-4 score (<1.45)
indicated no or minimal fibrosis. T2 was equidistant between
T1 and T3, usually 2.5 years from each, with a range of 2 to 3
years.

APRI and FIB-4 score are the most commonly used nonin-
vasive markers in the WIHS because the data necessary to cal-
culate them are available at most WIHS visits. An APRI of >1.5
has been found to have area under the receiver operating curve
of 0.76 for biopsy-proven significant fibrosis (METAVIR stages
F2–4) and 0.82 for cirrhosis in a large meta-analysis including
HCV-infected patients with and without HIV infection [20] and
ranges of 0.71–0.82 for significant fibrosis and 0.81–0.92 and
cirrhosis in large series [21]. The negative predictive values of
an APRI of <0.5 for lack of significant fibrosis have been found
to be 80%–91% in populations with a prevalence of fibrosis
similar to that among WIHS participants [16, 20]. Several
reviews have found that the accuracy of the APRI for cirrhosis
was the same or better in studies of HIV/HCV-coinfected
persons, compared with accuracy in studies of HCV-monoin-
fected persons [17, 20]. A FIB-4 score of >3.25 has been found
to correlate with severe fibrosis (METAVIR stages F3–4), with
an area under the receiver operating curve of 0.72–0.85, and a
FIB-4 score of <1.45 has been found to have a negative predic-
tive value of 95% for significant fibrosis in one large study of
HIV/HCV-coinfected persons [20, 22].

Laboratory Methods
Plasma LPS levels were quantified in duplicate by dilution of
plasma specimens to 10% with endotoxin-free water, using a
Limulus amebocyte assay (Lonza Group, Switzerland). The
background level was subtracted, and LPS levels were calculat-
ed by following the manufacturer’s recommended protocol.

680 • JID 2013:208 (15 August) • French et al



Immunoglobulin M endotoxin core (EndoCAb) and intestinal
fatty acid–binding protein (I-FABP) levels were quantified
using an enzyme-linked immunosorbent assay (ELISA; Hycult
Biotech, Uden, the Netherlands). Soluble CD14 (sCD14) levels
were measured in plasma diluted to 1:200, and data were ana-
lyzed by ELISA according to the manufacturer’s instructions (R
& D Systems, Minneapolis, MN). Commercially available
ELISAs were used to measure levels of tumor necrosis factor α
(TNF-α; BD Biosciences, San Jose, CA), interleukin 6 (IL-6; R
& D Systems), and interleukin 10 (IL-10; R & D Systems). Lab-
oratory investigators were blinded to the liver disease progres-
sion status of participants.

Statistical Methods
Demographic and clinical characteristics were assessed at
various periods (T1–3), which correlated with measures of the
soluble plasma markers. At the initial study visit, age, mean
CD4+ T-cell count, mean HIV RNA level, and injection drug
or cocaine use in the previous 6 months (by self-report) was as-
sessed. Additional characteristics evaluated included mean
CD4+ T-cell count and mean HIV RNA level at each visit, use
of highly active antiretroviral therapy during the study period,
alcohol use (by self-report), and hepatitis C treatment. The
crude association between progression and each categorical co-
variate was assessed using unadjusted odds ratios (ORs), 95%
confidence intervals (CIs), and P values (calculated by the
Fisher exact test); continuous variables were compared by the t
test. Crude associations between progression and each plasma
marker were also assessed at T1, T2, T3, and all visits, using t
tests. Multiple generalized linear regression models (using Proc
GLM) were fit to assess associations and slopes for each serum
marker, stratifying by progression status and time and control-
ling for log HIV RNA level and CD4+ T-cell count. P-values
from regression models are reported for demonstrating differ-
ences in slopes between progressors and nonprogressors for
each plasma marker. All analyses were performed in SAS soft-
ware, version 9.2 (SAS Institute, Cary, NC). Graphs were pro-
duced using STATA, version 10.0.

RESULTS

Forty-four participants in the Chicago WIHS site were studied,
of whom 21 did and 23 did not experience progression of liver
disease. Characteristics of the 44 women are in Table 1. The
median interval between T1 and T3 was 4.9 years and did not
differ between progressors (4.8 years) and nonprogressors (5.0
years). The majority of women in both groups were African
American, and the mean age at T1 was 41.6 years. The CD4+

T-cell count was relatively preserved, with mean values at T1 of
421 cells/mm3 for progressors and 526 cells/mm3 for nonprog-
ressors (P = .27); progressors had a significantly lower mean

CD4+ T-cell count than nonprogressors on the basis of values
from the entire study period (371 vs 492 cells/mm3; P = .02).

Relationship of Plasma Markers to Liver Disease Progression
Table 2 summarizes the quantitative plasma marker data and
the associations with liver disease progression, and Figures 1–4
depict the plasma markers values over time. Figure 1 shows
LPS and EndoCAb levels over time in progressors and non-
progressors. There was no difference between progressors and
nonprogressors in the LPS level or slope in unadjusted models
or models with adjustment for HIV RNA load or CD4+ T-cell
count. For EndoCAb, progressors had a nonsignificant trend
toward a lower level overall (P = .07), which persisted in the
model with HIV RNA load (P = .07) but was attenuated in the
model with CD4+ T-cell count (P = .22). There was no change
over time or difference in slope in crude models or those with
adjustment for HIV RNA load and CD4+ T-cell count.

Figure 2 depicts levels of sCD14 and IL-6 in liver disease pro-
gressors and nonprogressors. The level of sCD14 was signifi-
cantly higher in progressors at T1 (P = .03) and overall
(P = .001), but the slope was not different (P = .75). When the
HIV RNA load and CD4+ T-cell count data were added to the
model testing the association between sCD14 level and liver
disease progression, the relationship did not change (P = .003
and P = .002, respectively). Adding alcohol use to the model at-
tenuated the association, but it remained significant (P = .01).
Progressors had a higher level of IL-6 overall than nonprogres-
sors (P = .02), and the level increased significantly over time for
progressors (slope, 1.1; P = .03). In the models that adjusted for
HIV RNA load and CD4+ T-cell count, the association between
progression and IL-6 level remained significant (P = .04 and
P = .04, respectively), but when alcohol was added to the
model, the association attenuated to nonsignificance (P = .10).

Figure 3 shows results for TNF-α and IL-10 levels. TNF-α
levels and slopes did not differ between progressors and non-
progressors. For IL-10, progressors had a higher level overall
than nonprogressors (P = .05), with no change in relationship
in adjusted models (HIV RNA load, P = .04; CD4+ T-cell
count, P = .03) and no difference in slope. Figure 4 shows
results for I-FABP. I-FABP levels were similar at visit 1 but sig-
nificantly higher at visit 3 (P = .01) and overall (P = .03) in pro-
gressors. The I-FABP level increased significantly with time,
with a slope of 388 for progressors (P < .001) and a slope of
76.9 for nonprogressors (P = .20). These findings were similar
in models that included HIV RNA load and CD4+ T-cell count.

Relationship of Plasma Markers to HIV RNA Load
Two markers had significant relationships with HIV RNA level:
sCD14 and IL-6 levels increased as the HIV RNA load increased
(P = .0005 and P = .0007, respectively). Levels of LPS (P = .47),
TNF-α (P = .86), IL-10 (P = .43), and EndoCAb (P = .47) showed
no significant relationship with the HIV RNA level.
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Relationship of Plasma Markers to CD4+ T-Cell Count
A higher IL-6 level was associated with a lower CD4+ T-cell
count (P = .02), and a higher EndoCAb level were associated

with a higher CD4+ T-cell count (P = .001). There was no signif-
icant relationship between CD4+ T-cell count and levels of LPS
(P = .63), sCD14 (P = .34), IL-10 P = (.82), or TNF-α (P = .60).

Table 1. Demographic and Clinical Characteristics for 44 Liver Disease Progressor and Nonprogressor Study Subjects Coinfected With
Human Immunodeficiency Virus (HIV) and Hepatitis C Virus in Whom Liver Disease Did or Did Not Progress

Characteristic
Progressors
(n = 21)

Nonprogressors
(n = 23)

Univariate OR
(95% CI) P a

Age at T1, y 42.4 ± 7.4 40.8 ± 5.7 . . . .44
Interval between T1 and T3, y 4.8 ± 0.62 5.0 ± 0.33 . . . .17b

Race/ethnicity

White, non-Hispanic 8 (38.1) 8 (34.8) 1.04 (.31–3.52) .62c

White, Hispanic 0 (0) 1 (4.3) . . .

African American,
non-Hispanic

13 (61.9) 14 (60.9) Reference

CD4+ T-cell count, cells/mm3

T1 421.0 ± 267.8 526.0 ± 343.8 . . . .27b

All study visits (n = 131)d 371.0 ± 271.4 491.7 ± 299.8 . . . .02b

CD4+ T-cell percentage

T1 20.3 ± 8.5 27.0 ± 10.3 . . . .02b

All study visits (n = 131)d 20.5 ± 10.4 27.4 ± 9.4 . . . .0001b

HIV RNA load, copies/mL

T1 15 420.5 ± 30 190.4 12 156.1 ± 22 007.6 . . . .73b

All study visits (n = 131)d 12 7894 ± 613 973 38 836.8 ± 185 216 . . . .28b

Visits during which HIV RNA load was
undetectablee

37/63 (58.7) 36/68e (52.9) 1.27 (.63–2.53) .60

HIV RNA load at T1 for thosewith a
detectable HIV RNA load (n = 26)

24 667.5 ± 36 585.8 19 079.3 ± 26 179.5 . . . .65b

HIV RNA load for thosewith a
detectable HIV RNA load (n = 73)e

213 830 ± 787 349 72 851.7 ± 251 275 . . . .31b

Visits during which HAARTwas usede 36/63 (57.1) 28/69 (40.6) 1.95 (.98–3.90) .08
Maximum alcohol use,
drinks/wk

None 7 (33.3) 4 (17.4) . . . .16c

<8 5 (23.8) 13 (56.5) . . .

8–14 2 (9.5) 2 (8.7) . . .

≥15 7 (33.3) 4 (17.4) . . .
Liver disease ascertainment

By liver biopsy 8 (38.1) 8 (34.8) . . .

By confirmation of
liver-associated death

6 (28.6) . . .

By serummarker analysis 7 (33.3) 15 (65.2)

Any hepatitis C treatment 1 (4.8) 1 (4.4) 1.10 (.06–18.77) >.999
IDU since most recent visit before T1 2 (9.5) 5 (21.7) 0.38 (.07–2.21) .42

Cocaine use since most recent visit
before T1

8 (38.1) 6 (26.1) 1.74 (.48–6.28) .52

Data are mean ± SD or no. (%) of subjects, unless otherwise indicated. See Methods for definitions of T1 and T3.

Abbreviations: CI, confidence interval; HAART, highly active antiretroviral therapy; IDU, injection drug use; OR, odds ratio.
a By the Fisher exact test, unless otherwise indicated.
b By the t test.
c By global χ2 analysis.
d One subject did not have data for 1 visit.
e Data are for 3 visits per subject.
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DISCUSSION

In this study, we demonstrated that levels of markers of macro-
phage activation (sCD14), intestinal mucosal integrity (I-FABP),
and inflammation (IL-6) were higher in HIV/HCV-coinfected
women during intervals when significant liver disease progres-
sion occurred, compared with intervals when minimal or no
progression occurred. While LPS levels did not differ between
progressors and nonprogressors, there was a nonsignificant
trend toward lower EndoCAb levels (P = .07), which may
suggest increased clearance of LPS from the circulation in liver
disease progressors, compared with nonprogressors [23].

Monocyte activation, as evidenced by elevated sCD14 levels,
was associated with the most consistent and significant diffe-
rence between progressors and nonprogressors, and the sCD14
level was significantly higher in progressors even at the first
visit studied, 5 years before the liver disease end point. In the
models with adjustment for HIV RNA level and CD4+ T-cell

count, the relationship of the sCD14 level to liver disease pro-
gression remained highly significant (P = .003 and 0.002, re-
spectively), although it was slightly attenuated when excess
alcohol use was added to the model (P = .03). Although other
stimuli may activate monocytes, an elevation in the sCD14 level
is usually caused by LPS binding, and sCD14 is considered a
marker of LPS-induced inflammation [24, 25]. The relationship
between monocyte activation and liver disease progression is
supported by what is known about the pathogenesis of liver fi-
brosis and from previous work involving HCV-monoinfected
and HCV/HIV-coinfected persons. Kupffer cells, the hepatic
macrophages, when stimulated by LPS, secrete inflammatory
cytokines such as interleukin 1, IL-6, and TNF-α, which in
turn lead to the activation of stellate cells. When activated, stel-
late cells produce a matrix rich in collagen, which leads to
hepatic fibrosis [9]. In a cross-sectional study comparing pa-
tients with hepatitis B virus (HBV) or HCV monoinfection,
with or without fibrosis, to uninfected controls, Sandler et al

Table 2. Associations Between Quantitative Plasma Marker Levels and Liver Disease Progression

P a

Variable, by Time Point(s) Overall Progressors Nonprogressors Unadjusted Adjustedb

T1 n = 44 n = 21 n = 23
LPS level, EU/mL (n = 43)c 0.38 ± 0.33 0.35 ± 0.27 0.41 ± 0.38 .53 .59

EndoCAb level, MMU/mL 110.8 ± 82.5 99.5 ± 72.3 121.2 ± 91.3 .39 .42

sCD14 level, pg/mL 2359.9 ± 447.6 2510.7 ± 453.9 2222.2 ± 403.4 .03 .02
IL-6 level, pg/mL 3.1 ± 2.5 3.4 ± 2.0 2.9 ± 2.9 .56 .57

IL-10 level, pg/mL 10.6 ± 9.5 12.7 ± 12.5 8.8 ± 5.1 .20 .11

TNF-α level, pg/mL 2.2 ± 6.8 3.8 ± 8.8 0.6 ± 3.7 .13 .11
I-FABP level, pg/mL 476.1 ± 378.5 475.8 ± 356.6 476.4 ± 405.4 .99 .87

T3 n = 44 n = 21 n = 23

LPS level, EU/mL 0.32 ± 0.24 0.33 ± 0.18 0.32 ± 0.28 .90 .31
EndoCAb level, MMU/mL 87.7 ± 82.4 68.7 ± 63.6 105.0 ± 94.6 .15 .10

sCD14 level, pg/mL 2473.0 ± 607.6 2615.4 ± 603.7 2342.9 ± 594.3 .14 .33

IL-6 level, pg/mL 4.9 ± 3.8 5.5 ± 3.7 4.4 ± 3.9 .33 .69
IL-10 level, pg/mL 9.6 ± 4.7 9.9 ± 5.6 9.2 ± 3.7 .63 .74

TNF-α level, pg/mL 3.08 ± 8.1 3.2 ± 6.9 3.0 ± 9.2 .94 .97

I-FABP level, pg/mL 926.9 ± 799.3 1252.0 ± 1001.2 630.2 ± 380.2 .01 .001
T1–3 n = 132 n = 63 n = 69

LPS level, EU/mL (n = 131)c 0.37 ± 0.28 0.36 ± 0.25 0.37 ± 0.30 .69 .60

EndoCAb level, MMU/mL 97.9 ± 78.8 85.2 ± 66.7 109.4 ± 87.3 .07 .07
sCD14 level, pg/mL 2416.3 ± 531.0 2571.6 ± 483.6 2274.6 ± 536.0 .001 .003

IL-6 level, pg/mL 3.9 ± 3.3 4.6 ± 3.3 3.2 ± 3.2 .02 .04

IL-10 level, pg/mL 9.8 ± 6.9 11.0 ± 8.7 8.6 ± 4.6 .05 .04
TNF-α level, pg/mL 2.8 ± 7.7 3.8 ± 8.5 1.8 ± 6.9 .13 .14

I-FABP level, pg/mL (n = 131)c 673.2 ± 597.9 796.1 ± 734.5 559.4 ± 408.6 .03 .005

Data are mean ± SD. See Methods for definitions of T1–3.

Abbreviations: EndoCAb, antibody to endotoxin; EU, endotoxin units; I-FABP, intestinal fatty acid binding protein; IL-6, interleukin 6; IL-10, interleukin 10; LPS,
lipopolysaccharide; MMU, immunoglobulin Mmedian units; sCD14, soluble CD14; TNF-α, tumor necrosis factor α.
a By the t test.
b Adjusted for log human immunodeficiency virus RNA load.
c One subject did not have data for 1 visit.
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found that, while the LPS level was higher in patients with viral
hepatitis, the level did not correlate with liver disease severity.
However, the sCD14 level was associated with cirrhosis and
markers of hepatic inflammation. As in our study, the down-
stream effects of microbial translocation, monocyte activa-
tion, and IL-6 secretion were associated with liver disease

progression, but the LPS level itself was not. Of interest, Sandler
et al found that a higher sCD14 level predicted nonresponse to
hepatitis C therapy [25].

Our findings and those of Sandler et al contrast with results
of a study by Balagopal et al, who found that a higher LPS level
is associated with cirrhosis in HCV-infected persons with and

Figure 1. Plasma lipopolysaccharide (LPS) and endotoxin core antibody (EndoCAb) levels among liver disease progressors and nonprogressors over a
5-year period. A, There was no significant difference between progressors and nonprogressors in the LPS level in simple models (P = .70). There was also
no significant difference in the slope, after adjustment for log human immunodeficiency virus (HIV) RNA level (P = .60) or CD4+ T-cell count (P = .63). B,
There was a trend toward lower EndoCAb levels at all time points (P = .07). The statistical significance of the difference was unchanged in a model with
log HIV RNA level (P = .07) but was attenuated in a model with CD4+ T-cell count (P = .22). There was no significant difference in slope. See Methods for
definitions of T1–3. Abbreviations: EU, endotoxin units; MMU, immunoglobulin M median units.
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those without HIV coinfection [13]. That the sCD14 level
alone, rather than the LPS and sCD14 levels [25], is associated
with liver disease progression in HIV/HCV-coinfected persons

may reflect the rapid clearance of circulating LPS in vivo, the
lack of bioactive LPS production by some translocated bacteria
(eg, gram-positive organisms), or the limitations of the Limulus

Figure 2. Comparison of soluble CD14 (sCD14) and interleukin 6 (IL-6) levels between liver disease progressors and nonprogressors. A, For sCD14,
levels were significantly higher in progressors overall (P = .001; P = .003 after adjustment for log human immunodeficiency virus [HIV] RNA load; P = .002
after adjustment for CD4+ T-cell count) and at T1 (P = .03). The association remained significant in a model that adjusted for log HIV RNA load and alcohol
use (P = .01 over all time points). There was no difference in slope between progressors and nonprogressors after adjustment for log HIV RNA level
(P = .75) or for log HIV RNA level and alcohol use (P = .94). B, For IL-6, levels were significantly higher in progressors for all visits (P = .02; P = .04 after ad-
justment for log HIV RNA load); adding alcohol use to the model attenuated the association to nonsignificance (P = .10). IL-6 levels increased significantly
with time in progressors, with a slope of 1.1 (P = .03); the slope for nonprogressors was 0.74 (P = .12). However, when tested in the adjusted model with
log HIV RNA load (P = .80) or in the adjusted model with log HIV RNA load and alcohol use (P = .62), the slopes did not differ. See Methods for definitions
of T1–3.
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assay, which has been reported elsewhere [26]. Some investiga-
tors believe that sCD14 is a more relevant biomarker of micro-
bial translocation because it reflects the host response to the
stimulus rather than the stimulus itself [25]. Higher sCD14
levels may be a reflection of more cells responding to LPS or a
genetic predisposition toward increased LPS responsiveness [27].

These findings also parallel findings by Douek et al, who ob-
served that the sCD14 level, not the LPS level, predicts mortali-
ty in HIV-infected individuals, suggesting, again, that the host
response to microbial translocation predicts outcome [28].

IL-6 levels increased with time in liver disease progressors,
although when excess alcohol use was added to the model, the

Figure 3. Tumor necrosis factor α (TNF-α) and interleukin 10 (IL-10) levels over time in liver disease progressors and nonprogressors. A, For TNF-α,
there were no differences in levels at all time points (P = .13) or in the slope between progressors and nonprogressors in simple or adjusted models. B, For
IL-10, there was a moderately significant trend toward higher levels overall in progressors (11.0 vs 8.6 pg/mL; unadjusted P = .05; P = .04 after adjustment
for log human immunodeficiency virus RNA load; P = .03 after adjustment for CD4+ T-cell count), but there was no difference in slope between progressors
and nonprogressors in simple or adjusted models (P = .32). See Methods for definitions of T1–3.
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association was attenuated to nonsignificance. IL-6 is a marker
of immune activation, hepatic inflammation, and regeneration
and is secreted by T cells and macrophages (including Kupffer
cells) in response to microbial products and other stimuli [29].
IL-6 production by monocytes can cause hepatic stellate cell
proliferation [30]. IL-6 polymorphisms have been associated
with more rapid disease progression in mild, untreated hepatitis
C [31], and higher levels of IL-6 have been associated with non-
response to HCV therapy in HIV/HCV-coinfected patients [32].
Elevated IL-6 levels may also be a consequence of liver disease
progression. In our study, although IL-6 levels were approxi-
mately the same at T1, the slope of the increase in IL-6 levels
over time was significantly higher among liver disease progres-
sors than nonprogressors; a number of investigators have found
that an elevated IL-6 level is associated with portal hyperten-
sion and decompensated hepatic cirrhosis in HIV-infected and
HIV-uninfected patients [33]. Most likely, at the end stages of
HIV/HCV-associated liver disease, microbial translocation is
both a cause and effect of hepatic decompensation, leading to a
vicious cycle of disease progression, as has been postulated by
others [13]; the inflammatory effects of alcohol abuse further
complicate the relationship.

I-FABP is a marker of enterocyte damage and has been
found to correlate with severity of disease in patients with celiac
disease [34] and intestinal ischemia [35]. Several investigators

have found that higher I-FABP levels correlate with HIV
disease itself [28] and with defective homing to the gut of CD4+

T-cell cells after therapy-associated immune recovery in pa-
tients with HIV infection [36]. In HBV- or HCV-monoinfected
patients, Sandler et al found that I-FABP levels were positively
correlated with other markers of microbial translocation and that
levels decreased with successful treatment of viral hepatitis [25].
In our study, I-FABP levels were similar at T1 but increased sig-
nificantly in liver disease progressors over the 5-year study
period.

We found that progressors had higher IL-10 levels overall
than nonprogressors and that levels remained higher over the
period of observation. IL-10 is usually considered an antiin-
flammatory cytokine and has been found in WIHS and other
studies to be associated positively with recovery in the CD4+ T-
cell count. However, in patients with hepatitis C, the positive
association of the IL-10 level and CD4+ T-cell count recovery
was not seen [37]. In hepatitis C, elevated IL-10 levels due to
monocyte activation have been described, and data from our
cohort suggest that, in response to TLR3 and TLR4 in vitro,
PBMCs from patients with IL-10 responses also secreted cyto-
kines associated with inflammation, such as interleukin 1β, IL-
6, and TNF-α [37], which may reflect activation of innate cells
rather than an antiinflammatory response. IL-10 promoter
polymorphisms have been associated with the ability to clear

Figure 4. Intestinal fatty acid–binding protein (I-FABP) levels over time in liver disease progressors and nonprogressors. The I-FABP level was signifi-
cantly higher in progressors than nonprogressors at T3 (P = .01) and overall (P = .03). There was no significant difference at T1. Similar findings were found
after adjustment for log human immunodeficiency virus (HIV) RNA level and CD4+ T-cell count. I-FABP levels increased significantly with time in progres-
sors, with a slope of 388.1 (P = .0004); the slope for nonprogressors was 76.9 (P = .20). When tested in a model with adjustment for log HIV RNA level, the
slopes were significantly different (P = .003). Similar findings were seen after adjustment for CD4+ T-cell count. See Methods for definitions of T1–3.
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HCV infection [38]. Elevated levels of IL-10 due to monocytic
activation have been previously described for patients with
chronic HCV infection [39], and higher IL-10 (T-helper 2) re-
sponses in liver disease progressors could lead to suppression
of the T-helper 1 cytokine response required for HCV clear-
ance, augmenting hepatitis C progression [40].

Studying the effects of microbial translocation on hepatitis C
progression is particularly relevant in HIV-coinfected patients
because of the profound loss of gastrointestinal immune cells
that characterizes early HIV infection. During acute and early
infection, CD4+ T cells in the gastrointestinal tract, especially
T-helper 17 cells, are lost, resulting in the loss of epithelial in-
tegrity and the translocation of microbes across the intestinal
barrier, causing a generalized state of activation [41]. Brenchley
et al found that a higher LPS level was associated with HIV
disease stage, that effective HIV therapy was associated with a
decreased LPS level, and that, in monkeys, antibiotic therapy to
decrease intestinal bacterial concentration temporarily de-
creased the plasma LPS level [42]. However, subsequent investi-
gations have not confirmed these observations [43].

Our findings should be considered in light of the limitations
of our study. For many patients, we used noninvasive markers
of fibrosis stage to define progressors and nonprogressors.
While we used APRIs and FIB-4 scores at extremes that have
been found to correlate highly with minimal or severe fibrosis,
these measures are not the gold standard and may not accurate-
ly reflect liver histologic findings. We dichotomized women as
either liver disease progressors or nonprogressors for the time
points studied, but liver disease progression, in vivo, is a contin-
uum. Women who were labeled nonprogressors may have expe-
rienced some liver disease progression during the 5-year study
period. An obvious additional limitation is sample size: al-
though the significant associations we found should be robust,
we do not have power to assert a lack of association. Also,
because of the sample size, we were unable to adjust for all vari-
ables that could potentially affect inflammation or liver disease
progression.

Our findings of an association between markers of microbial
translocation and liver disease progression suggest that further
mechanistic and clinical study of this phenomenon is warrant-
ed. If further study confirms that microbial translocation con-
tributes to the development of liver disease progression,
interventions aimed at reducing translocation across the gut ep-
ithelium may have a salutary effect on the progression of liver
disease in HIV/HCV-coinfected persons.
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