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Background. The independent contributions of microbial translocation and liver fibrosis to immune activation in human im-
munodeficiency virus (HIV) and/or hepatitis C virus (HCV)–infected persons are unclear.

Methods. Multivariable linear regression was used to evaluate whether intestinal fatty acid binding protein (I-FABP: a marker 
of gut epithelial integrity) and transient elastography-measured liver fibrosis might mediate the association of HIV and HCV with 
the soluble CD14 (sCD14) level in 120 individuals with HIV and HCV coinfection, 262 with HIV monoinfection, 72 with HCV 
monoinfection, and 170 without infection.

Results. Coinfected individuals, HIV-monoinfected individuals, and HCV-monoinfected individuals had 37%, 21%, and 12% 
higher sCD14 levels, respectively, than uninfected individuals, after multivariable adjustment. Additional adjustment for I-FABP 
level modestly attenuated the association of HIV infection, but attenuation occurred to a lesser extent in the HCV-monoinfected 
group. Adjustment for liver fibrosis substantially attenuated the association of HCV infection, but attenuation occurred to a lesser 
extent in the HIV-monoinfected group. Relative to the uninfected group, the primary mediator of the sCD14 level was the I-FABP 
level in the HIV-infected groups and liver fibrosis in the HCV-monoinfected group.

Conclusion. HIV and HCV are independently and additively associated with higher a sCD14 level. Our findings suggest that 
microbial translocation contributes to an increased sCD14 level during HIV infection, whereas liver fibrosis plays a stronger role 
during HCV monoinfection. Coinfected persons may be at greatest risk for progression, because of the independent effects of mi-
crobial translocation and liver fibrosis on immune activation.
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Both human immunodeficiency virus (HIV) and hepatitis C 
virus (HCV) infection have been associated with markers of 
gut microbial translocation, which, in turn, is thought to lead to 
immune activation and disease progression [1]. In HIV infec-
tion, disruption of gut epithelial integrity has been hypothesized 
to lead to translocation of microbial products and, thus, sus-
tained immune activation and inflammation, even in patients 
receiving antiretroviral therapy [1–3]. Elevated levels of mark-
ers of gut microbial translocation and immune activation have 
been associated with mortality in the setting of HIV infection 
[4–7]. In HCV infection, translocation of gut microbial prod-
ucts is also hypothesized to occur when there is increasing liver 

insufficiency [6] and portal hypertension [8], with greater trans-
location occurring with advanced cirrhosis [9]. Few studies, 
however, have examined the independent contribution of HIV 
and HCV infection to markers of gut microbial translocation 
and immune activation in the setting of HIV/HCV coinfection.

A prospective study of HIV/HCV-coinfected women who did 
not have cirrhosis found that elevated levels of intestinal fatty 
acid binding protein (I-FABP; a marker of intestinal epithelial 
integrity and correlate of microbial translocation [10, 11]) was 
associated with progression to liver fibrosis and cirrhosis [12]. 
That study, however, was not able to discern whether higher lev-
els of I-FABP were a result of HIV and/or HCV infection. We 
also recently demonstrated that HCV-associated liver fibrosis 
was associated with increased systemic inflammation [13], but 
we could not determine whether microbial translocation might 
mediate this association. Understanding the complex relation-
ship of HIV, HCV, liver fibrosis, and microbial translocation 
with systemic inflammation is important because it might help 
prioritize interventions to reduce the deleterious sequelae of 
chronic systemic inflammation.

We therefore investigated the relationship of HIV, HCV, liver 
fibrosis, and I-FABP with immune activation, measured on the 
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basis of the level of soluble CD14 (sCD14; a marker of monocyte 
activation that is a coreceptor for lipopolysaccharide, which is a 
major component of the gram-negative bacterial cell wall) [6], 
using data from 2 ethnically diverse cohorts of women and men 
with HIV monoinfection, HCV monoinfection, HIV/HCV 
coinfection, or neither HIV nor HCV infection. We hypoth-
esized that HIV and HCV infection would be independently 
associated with higher sCD14 levels and that I-FABP levels and 
liver fibrosis would attenuate the association.

METHODS

Study Population

The Women’s Interagency HIV Study (WIHS) is a multicenter 
prospective cohort study that was established in 1994 to inves-
tigate the progression of HIV infection in women with and at 
risk for HIV infection. A total of 4982 women (3678 with and 
1304 without HIV infection) were enrolled between 1994 and 
2015 from 10 sites in the United States (Atlanta, Birmingham, 
Bronx, Brooklyn, Chapel Hill, Chicago, Jackson, Los Angeles, 
Miami, San Francisco, and Washington, DC). Baseline socio-
demographic characteristics and HIV risk factors were similar 
between women with and those without HIV infection. Every 
6 months, participants complete a comprehensive physical ex-
amination, provide biological specimens for CD4+ T-cell count 
and HIV RNA load determination, and complete an interview-
er-administered questionnaire, which collects information on 
sociodemographic characteristics, disease characteristics, and 
specific antiretroviral therapy use. The study design and charac-
teristics have been described elsewhere [14, 15].

From December 2003 through July 2015, WIHS participants 
from 3 sites (Chicago, San Francisco, and Washington, DC) 
participated in the cross-sectional WIHS Fibroscan substudy 
[16, 17] and/or the San Francisco WIHS site–only magnetic 
resonance spectroscopy steatosis substudy [18]; the substudies 
were designed to investigate the contribution of HIV and HCV 
and their metabolic and inflammatory consequences to liver fi-
brosis, estimated using transient elastography (TE; Fibroscan; 
Echosens, Paris, France), and steatosis, measured by magnetic 
resonance spectroscopy, respectively. Of the 520 WIHS par-
ticipants enrolled in these 2 substudies, 434 had stored plasma 
specimens available within 1 year of liver imaging; of these, 430 
were included in the analysis, because monocyte activation data 
(the outcome measure of our analysis) were available.

From October 2010 through June 2014, the Study of Visceral 
Adiposity, HIV, and HCV: Biologic Mediators of Hepatic 
Steatosis (VAHH) enrolled 224 participants (of whom 98% were 
men) with HIV monoinfection (64 participants), HIV/HCV 
coinfection (27), HCV monoinfection (55), and neither HIV 
nor HCV infection (78) from the San Francisco Bay Area. The 
VAHH was designed to allow for pooled analysis with data from 
the WIHS, because an aim of the VAHH was to examine sex 

differences in the factors associated with hepatic steatosis. The 
VAHH used similar data collection instruments as the WIHS, 
including the same smoking and alcohol use questionnaires and 
anthropometry protocol, and enrolled participants in the same 
age range (35–70 years) as women enrolled in WIHS liver sub-
studies. Liver fibrosis was also measured using TE, and markers 
of microbial translocation and immune activation were meas-
ured using the same assays and in the same laboratory as in the 
WIHS. The VAHH was a cross-sectional study; TE and phle-
botomy were performed at the same visit. Of the 224 partic-
ipants, 194 had stored plasma specimens available for testing 
of markers of microbial translocation and monocyte activation 
and were included in the analysis. VAHH recruitment, study 
design, and study characteristics have been described elsewhere 
[18]. For both the WIHS and the VAHH, an institutional review 
board approved study protocols and consent forms, and each 
study participant gave written informed consent.

Outcomes

We used a commercially available enzyme-linked immu-
nosorbent assay (ELISA) to measure sCD14 levels (R & D 
Systems, Minneapolis, MN) in frozen plasma specimens col-
lected from WIHS and VAHH participants at the same time 
as their study visit and stored at −70oC. Samples from both 
cohorts were tested centrally at the same laboratory. The assays 
were performed in duplicate and in accordance with manufac-
turers’ protocols.

Covariates

Our primary predictors were HIV and HCV infection status. 
Chronic HCV infection was confirmed by detectable HCV 
RNA following a positive anti–HCV antibody test result. 
Participants were classified as HCV uninfected if results of the 
HCV antibody test were negative or, among those with posi-
tive HCV antibody test result, if the HCV RNA level was un-
detectable. The HCV RNA level was unknown in 3 participants 
in whom anti–HCV antibody was detected. These participants 
were coded as HCV infected since spontaneous clearance of 
HCV is uncommon. We confirmed HIV status with a Food and 
Drug Administration–approved ELISA and reconfirmed with a 
Western blot assay when results of immunosorbent assays were 
positive.

I-FABP levels were measured in frozen plasma specimens 
stored at −70oC, using a commercially available ELISA (Hycult 
Biotech, Plymouth Meeting, PA). TE-measured liver stiffness 
in kiloPascals was available in a subset of participants (556 
[89% of the study sample]) and examined as a continuous 
measure in analysis. Cirrhosis was defined using the American 
Gastroenterological Association recommended cutoff of 
≥12.5kPa for HCV-infected patients, because the majority of 
our patients with high TE-measured liver stiffness values were 
HCV infected [19].
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Other candidate covariates included demographic character-
istics (ie, age, sex, and ethnicity) and lifestyle factors (ie, alcohol 
use, defined as none, light drinking [1–15  g/day], moderate 
drinking [15–30 g/day], and heavy drinking [>30 g/day]; and 
smoking status, defined as none, current, and past), anthropo-
metric measurements (ie, waist circumference and body mass 
index), and laboratory parameters, including estimated glomer-
ular filtration rate. In HIV-infected participants, HIV-related 
risk factors included current and nadir CD4+ T-cell count, cur-
rent HIV RNA level, history of clinical AIDS, and current use of 
highly active antiretroviral therapy.

Statistical Analysis

We compared sociodemographic and clinical character-
istics among 4 groups—HIV-monoinfected participants, 
HCV-monoinfected participants, coinfected participants, and 
uninfected participants—using the Kruskal-Wallis test, for con-
tinuous variables, and χ2 analysis and the Fisher exact test, for 
categorical variables. Grouped data were then analyzed using 
analysis of variance, for multiple-group comparisons, and t 
tests, for comparisons between 2 groups.

TE-measured liver stiffness values, I-FABP levels, and sCD14 
levels were found to be right skewed and were therefore log 
transformed to normalize their distributions. We then calcu-
lated within-group marginal mean values for sCD14 levels for 
each disease category, adjusted for age, sex, and race/ethnicity.

To determine whether disease status was independently as-
sociated with sCD14 level and whether gut epithelial damage 
and/or liver fibrosis mediated this association, a series of mul-
tivariable linear regression models were sequentially adjusted 
for (1) demographic characteristics, lifestyle factors, and body 
composition, (2) I-FABP level, (3) liver stiffness, and (4) I-FABP 
level and liver stiffness. In a separate analysis, restricted to HIV-
infected participants, we modeled the association of coinfection 
with sCD14 level while controlling for HIV-specific variables 
(ie, nadir CD4+ T-cell count, current HIV RNA level [log trans-
formed], history of clinical AIDS, and cumulative use of antire-
troviral therapy), demographic characteristics, lifestyle factors, 
body composition, I-FABP level, and liver stiffness. In a sen-
sitivity analysis, we replaced TE-measured liver stiffness with 
the aspartate aminotransferase to platelet ratio index in models 
of sCD14 level, to compare the differential effects of alternative 
liver fibrosis measures. The regression coefficients and their 
confidence intervals were exponentiated to calculate the per-
centage differences attributable to each factor.

Finally, we tested this series of models under one theoreti-
cal framework, known as path analysis, which uses maximum 
likelihood estimation, to estimate the direct effect of disease 
status and the indirect effects of I-FABP levels and liver stiff-
ness on sCD14 levels and to further decompose the proportion 
of direct and indirect effects [20]. This analytic approach pro-
vides a means to determine the relationship of the correlation 

coefficients between I-FABP level, liver stiffness, and sCD14 
level in different infection groups simultaneously. To account 
for missing data, we used the full information maximum 
likelihood approach in the setting of path analysis, because 
of its greater efficiency as compared to a multiple imputation 
approach and its consistency in calculating path coefficients, 
which the multiple imputation approach lacks because of multi-
ple imputed data sets [21]. Notably, missing data were presumed 
to be independent of liver fibrosis, and therefore the underlying 
assumption for using the full information maximum likelihood 
approach (ie, that data were missing in a random fashion) was 
met. For comparison purposes, we performed additional analy-
sis restricted to those with complete data.

All analyses were conducted using the SAS system, version 
9.4 (SAS Institute, Cary, NC).

RESULTS

Population Characteristics

Table  1 shows the demographic and clinical characteris-
tics of the 624 participants included in the analysis, strati-
fied by HIV and HCV status. The median age was 51 years, 
30% (190) were men, and over half were African American. 
HCV-infected participants (ie, those with and those without 
HIV coinfection) were older, more likely to report current 
smoking, and more likely to have cirrhosis as compared to 
those in the HIV-monoinfected and uninfected groups. HIV-
infected participants (ie, those with and those without HCV 
coinfection) had a lower body mass index and waist circum-
ference than those in the HCV-monoinfected and uninfected 
groups. Serum I-FABP levels were also highest in coinfected 
participants, compared with the other infection groups. 
Furthermore, among HIV-infected participants, those with 
HCV coinfection had a lower median CD4+ T-cell count 
and a lower median nadir CD4+ T-cell count and were more 
likely to have a history of clinical AIDS than those with HIV 
monoinfection. Coinfected participants were slightly more 
likely to be receiving antiretroviral therapy but less likely to 
have undetectable HIV RNA.

Association of HIV and/or HCV Infection with Plasma sCD14 

Concentration

Coinfected and HIV-monoinfected participants had higher 
sCD14 levels as compared to HCV-monoinfected and un-
infected participants (mean value adjusted by demographic 
characteristics, 1646  ng/mL [95% confidence interval {CI}, 
1620–1924 ng/mL] and 1441 ng/mL [95% CI, 1419–1675] vs 
1328 ng/mL [95% CI, 1307–1560] and 1178 ng/mL [95% CI, 
1162–1354], respectively; Table 2). After further adjustment for 
demographic characteristics, lifestyle factors, and body compo-
sition, coinfected, HIV-monoinfected, and HCV-monoinfected 
participants had 37%, 21%, and 12% higher sCD14 levels, re-
spectively, than uninfected participants (Table 2).
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Additional adjustment for I-FABP level modestly attenuated 
the associations in both HIV-infected groups (from 37% to 33% 
higher sCD14 levels in the coinfected group and from 21% to 
18% higher levels in the monoinfected group), compared with 
the uninfected group. The attenuation in HCV-monoinfected 
participants was minimal (from 12% to 10% higher sCD14 
levels).

By contrast, additional adjustment for liver stiffness substan-
tially attenuated the association in both HCV-infected groups 
(from 37% to 29% higher sCD14 levels in the coinfected group 
and from 12% to 6% higher levels the monoinfected group). The 
attenuation in the HIV-monoinfected participants was minimal 
(21% higher sCD14 levels in both models).

Adjustment for I-FABP level and liver stiffness had an addi-
tive attenuating effect on sCD14 levels, which was most marked 
in both HCV-infected groups (from 37% to 24% higher sCD14 
levels in the coinfected group and from 12% to 5% higher levels 
in the monoinfected group). The attenuation in the model with 
both measures was much less in HIV-monoinfected partici-
pants (from 21% to 17% higher sCD14 levels).

In analysis restricted to HIV-infected participants (Table 2), 
after controlling for HIV-specific variables in addition to dem-
ographic characteristics, lifestyle factors, and body composi-
tion, coinfected participants had 13% higher sCD14 levels than 
HIV-monoinfected participants, suggesting that the effect of 
each infection is additive. This association was not attenuated 

Table 1. Demographic and Clinical Characteristics of 624 Study Participants Stratified by Human Immunodeficiency Virus (HIV) and Hepatitis C Virus 
(HCV) Status

Characteristic 
HIV/HCV Coinfected 

(n=120)
HIV Monoinfected

(n=262)
HCV Monoinfected

(n=72)
Uninfected

(n=170) Pa

Demographic

Age, y 54 (50–58) 48 (42–55) 57 (54–60) 49 (40–55) <.001

Male sex 20 18 65 42 <.001

Race/ethnicity

 White 18 25 38 24 .27

 African American 65 56 44 56

 Hispanic 15 13 14 11

 Otherb 2 6 4 9

Lifestyle

 Current smoker 63 34 49 43 <.001

 Alcohol consumption, drinks/wk

  None 48 41 33 41 .067

  0–7 36 42 38 36

  8–12 2 6 8 5

  >12 13 10 19 18

Metabolic

 Body mass indexc 24 (22–28) 26 (23–29) 27 (23–30) 28 (25–32) <.001

 Waist circumference, cm 87 (80–99) 90 (82–100) 96 (84–108) 96 (86–110) <.001

Immune marker

 I-FABP level, pg/mL 1140 (613–1784) 813 (531–1390) 706 (487–1209) 496 (332–764) <.001

Liver related

 Liver stiffness, kPa 6.8 (5.4–11.1) 4.4 (3.8–6.0) 6.3 (4.8–9.5) 4.6 (3.8–5.6) <.001

 Cirrhosisd 27 3 18 1 <.001

HIV related

 CD4+ T-cell count, cells/mm3

  Current 502 (285–678) 584 (379–800) … … .006

  Nadir 175 (101–274) 248 (107–352) … … .004

 History of AIDS 56 37 … … .001

 Current HAART use 84 88 … … .33

 Duration of ART, y 8.0 (3.0–12.5) 8.3 (3.1–11.7) … … .94

 Undetectable viral load 60 68 … … .13

Data are median value (interquartile range) or % of participants. Of the total sample, 3 individuals (0.5%) were missing data on smoking status, 14 (2.2%) were missing data on waist cir-
cumference, 68 (10.9%) were missing data on live stiffness, and 2 (0.3%) were missing data on HCV RNA level. Of the HIV-infected subset, 3 individuals (0.8%) were missing data on nadir 
CD4+ T-cell count, 13 (3.4%) were missing data on ART duration, 2 (0.5%) were missing data on HCV RNA level, and 1 (0.3%) was missing data on HIV load.

Abbreviations: ART, antiretroviral therapy; HAART, highly active antiretroviral therapy; I-FABP, intestinal fatty acid binding protein.
aBy the Pearson χ2 test, Wilcoxon rank sum test, or Fischer exact test.
bIncludes Asian, Pacific Islander, Native American, Alaskan, and other study participants.
cCalculated as the weight in kilograms divided by the height in meters squared.
dDefined as a Fibroscan value of ≥12.5kPa.
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by adjusting for I-FABP level (which yielded 13% higher sCD14 
levels in both models) but was substantially attenuated by ad-
justment for liver stiffness (from 13% to 7% higher sCD14 lev-
els) and no longer statistically significant (P = .101).

In additional analyses, restricted to 535 individuals for whom 
complete data were available, the associations of HIV and HCV 
with plasma sCD14 concentrations in models adjusted for 
I-FABP level and liver stiffness were similar to those where 
the full information maximum likelihood model was used to 
account for missing data (Supplementary Table 1).

Percentage of the Effect on sCD14 Level That Is Mediated by the I-FABP 

Level and Liver Stiffness During Infection With HIV and/or HCV

Using path analysis, we estimated the percentage of the effect 
on the sCD14 level that might be mediated by gut translocation 
(determined on the basis of I-FABP levels) and liver stiffness 
(measured by TE). Figure 1 shows the fully adjusted associations 
of HIV and HCV infection with relative differences in sCD14 
levels, compared with the uninfected group; the percentage of 
the total effect attributable to direct (ie, infection status) and 
indirect (ie, I-FABP level and liver stiffness) effects of infec-
tion status is depicted. In coinfected participants, the I-FABP 
level accounted for 12% of the higher sCD14 levels, liver stiff-
ness accounted for 21%, and coinfection accounted for 67%. By 
contrast, in HIV-monoinfected participants, the I-FABP level 
accounted for 14% of the higher sCD14 levels, whereas liver 
stiffness accounted for only 1%, while in HCV-monoinfected 
participants, the I-FABP level accounted for 16% of the higher 
sCD14 levels, whereas liver stiffness accounted for 45%.

We also examined whether the sCD14 level and liver stiffness 
mediated the association with I-FABP in individuals with HIV 
and/or HCV infection, compared with uninfected individuals. 
In coinfected participants, the sCD14 level accounted for 15% 
of the higher I-FABP level, and coinfection accounted for the 
remaining 85% (β coefficients, 0.16 for indirect effect [P = .006] 
and 0.89 for direct effect [P < .0001]). In HIV-monoinfected and 
HCV-monoinfected individuals, the sCD14 level accounted for 
11% of the higher I-FABP level, and monoinfection accounted 
for 15% (β coefficients, 0.097 for indirect effect [P =  .007] and 
0.76 for direct effect [P < .0001] in the HIV-monoinfected group 
and 0.048 for indirect effect [P = .042] and 0.89 for direct effect 
[P = .063] in the HCV-monoinfected group). By contrast, there 
was not a mediation effect of liver stiffness on the I-FABP level 
for any infection group.

DISCUSSION

In our cohort of women and men with coinfection, HIV 
monoinfection, HCV monoinfection, or no infection, we 
found that HIV and HCV were independently associated with 
higher levels of sCD14 and that coinfection appeared to have 
an additive effect on levels of sCD14. We also provide evidence 
of an association of intestinal epithelial damage, as measured 
by I-FABP level, with immune activation in all three infection 
groups, although the association was most pronounced and sig-
nificant in the HIV-infected group, regardless of HCV status.

Liver fibrosis was an important mediator of higher sCD14 
levels in the HCV-infected group, regardless of HIV status, 

Table 2. Adjusted Associations of Human Immunodeficiency Virus (HIV) and Hepatitis C Virus (HCV) Infection With Soluble CD14 (sCD14) Level

Model, Infection 
Status

Adjusted sCD14 Level,a 
ng/mL, Mean (95% CI)

Adjusted Association Between Infection Status and sCD14 Levelb

No Additional  
Adjustment

Also Adjusted for  
I-FABP Level

Also Adjusted for  
Liver Stiffness

Also Adjusted for 
I-FABP Level and Liver 

Stiffness

Estimate,c % 
(95% CI) P

Estimate,c % 
(95% CI) P

Estimate,c % 
(95% CI) P

Estimate,c % 
(95% CI) P

Model 1

 Uninfected (n=170) 1178 (1162–1354) Reference Reference Reference Reference

 Coinfected (n=120) 1646 (1620–1924) 37 (28–47) <.001 33 (23–43) <.001 29 (19–39) <.001 24 (14–34) <.001

 HIV monoinfected 
(n=262)

1441 (1419–1675) 21 (15–29) <.001 18 (11–25) <.001 21 (14–28) <.001 17 (11–25) <.001

 HCV monoinfected 
(n=72)

1328 (1307–1560) 12 (3–21) .008 10 (2–20) .017 6 (−2–15) .154 5 (−3–14) .254

Model 2

 HIV monoinfectedd 
(n=262)

1441 (1419–1675) Reference Reference Reference Reference

 Coinfected (n=120) 1646 (1620–1924) 13 (6–22) <.001 13 (5–21) .001 7 (−1–16) .101 6 (−3–15) .177

Full information maximum likelihood analysis was used, to account for missing data.

Abbreviations: CI, confidence interval; I-FABP, intestinal fatty acid binding protein.
aAdjusted for demographic characteristics (age, sex, and race).
bAdjusted for demographic characteristics (age, sex, and race), smoking status, alcohol use, and waist circumference.
cDenotes difference in levels relative to uninfected controls and, in the HIV-infected models, relative to the HIV-monoinfected group.
dAlso adjusted for HIV load, history of clinical AIDS, nadir CD4+ T-cell count, and antiretroviral therapy duration.
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but had little effect on the association of HIV monoinfection 
with sCD14 levels. Importantly, we also found that monocyte 
activation but not liver fibrosis was an important mediator of 
the association of HIV and HCV infections with gut epithelial 
damage. Our findings suggest that microbial translocation con-
tributes to immune activation in HIV infection, whereas liver 
fibrosis plays a stronger role in immune activation with HCV 
infection. Compared with the association of liver stiffness with 
sCD14 level in HCV infection, the association of I-FABP level 
with sCD14 level in HIV infection was small, which corrobo-
rates the findings of HIV studies that interventions to control 
microbial translocation did not lead to a decrease in markers 
of immune activation [22, 23]. Nevertheless, coinfected persons 
may be at greatest risk for progressive HIV and HCV disease, 
because of the independent effects of microbial translocation 
and liver fibrosis on immune activation.

Our study demonstrates that HIV and HCV infection have 
independent and additive effects on monocyte activation. Most 

studies that have examined monocyte activation during HIV 
infection and its adverse clinical sequelae have not included an 
HIV-uninfected comparison group [1, 6, 24]. Similarly, stud-
ies that examined the association of monocyte activation with 
liver disease progression in coinfected persons did not include 
an HCV-monoinfected comparison group, so the independent 
effects of HCV infection could not be examined [13], or they 
included persons with advanced liver disease [25].

While we demonstrated that I-FABP level was associated with 
monocyte activation in HIV-infected persons, a key finding in 
our analysis was the substantial independent effect of liver fi-
brosis on monocyte activation in HCV-infected persons. These 
data suggest that hepatocyte macrophage function could be 
sufficiently impaired in HCV-mediated fibrosis and, thus, that 
normal detoxification of endotoxins via lipoprotein scavenging 
does not occur. Our findings support the hypothesis that when 
liver function is impaired, the products of microbial transloca-
tion bypass hepatic filtration and activate circulating monocytes 

Direct e�ect: β=0.23
Percentage of total e�ect: 85%; P<.0001

HIV

Indirect e�ect:  β=0.038
Percentage of total e�ect:  14%

sCD14

LS

Indirect e�ect:  β=0.003
Percentage of total e�ect:  1%

Total indirect e�ect: 15%; P =.010

Direct e�ect: β=0.066
Percentage of total e�ect: 39%; P=.278

HCV sCD14

Indirect e�ect: β=0.028
Percentage of total e�ect: 16%

I-FABP

I-FABP

LS

Indirect e�ect: β=0.076
Percentage of total e�ect: 45%

Total indirect e�ect: 61%; P<.0001

Direct e�ect: β=0.305
Percentage of total e�ect: 67%; P<.0001

HIV/HCV sCD14

Indirect e�ect: β=0.053
Percentage of total e�ect: 12%

LS

Indirect e�ect: β=0.097
Percentage of total e�ect: 21%

Total indirect e�ect: 33%; P<.0001

I-FABP

Figure 1. Path analysis showing multivariable adjusted direct and indirect effects of human immunodeficiency virus (HIV) and hepatitis C virus (HCV) infection status on 
soluble CD14 (sCD14) level. Standardized β coefficients for each path are shown, as well as percentages of the total effect attributable to direct (infection status) and indirect 
(intestinal fatty acid binding protein [I-FABP] level and liver stiffness [LS]) effects of infection status. Models are adjusted for HIV status, HCV status, age, sex, race/ethnicity, 
smoking status, alcohol use, and waist circumference.
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in the peripheral blood that in turn release sCD14. While 45% 
of the higher level of sCD14 in HCV-monoinfected persons was 
attributable to liver stiffness, only 1% was attributable to liver 
stiffness in HIV-monoinfected persons. This striking difference 
suggests a small role of liver fibrosis on monocyte activation in 
HIV infection, which could be explained by the fact that there 
are other mechanisms of immune activation in the setting of 
HIV infection and that HIV infection does not typically cause 
liver fibrosis in most people; in our study sample, we also noted 
that few HIV-monoinfected persons had clinically significant 
liver fibrosis. Interestingly, although liver fibrosis plays a sub-
stantial role in monocyte activation in HCV-infected persons, 
the association between coinfection and sCD14 levels remained 
significant even after adjusting for both I-FABP level and liver 
stiffness. Our findings could indicate that treating HCV infec-
tion, especially at early stages of fibrosis, will not only eradicate 
the virus but also mitigate the progression of liver fibrosis and 
inflammation-related complications.

A novel and unexpected finding of our analysis was that 
sCD14 had a significant mediation effect between coinfection 
and I-FABP. This suggests that increased monocyte activation 
or the resulting increased inflammation may be an important 
determinant of gut epithelial damage. Our finding is consistent 
with data that have demonstrated that proinflammatory cyto-
kines are key modulators of gut barrier function [26, 27] and 
supports the hypothesis that both HIV and HCV infection 
drive reciprocal interactions between immune activation and 
gut epithelial damage: sustained monocyte activation induces 
a cycle whereby gut microbial translocation leads to cytotoxic 
and inflammatory responses, which in turn increase damage 
to the intestinal gut barrier and stimulate further translocation 
[28]. Our finding is contrary to the established notion that mi-
crobial translocation leads to immune activation and warrants 
further study.

Our study has some important limitations. First, we were un-
able to examine causal relationships because of the cross-sec-
tional design of the study. While mediation analysis helps to 
clarify the nature of the relationship between the independent 
and dependent variables, further prospective research is nec-
essary to validate our results. Second, since many potentially 
important factors, including specific comorbid data and adi-
pose tissue parameters, were not measured in this analysis, we 
are unable to rule out confounding by these factors. Third, we 
used I-FABP level as a surrogate of microbial translocation in-
stead of blood concentrations of bacterial lipopolysaccharide. 
However, Lipopolysaccharide is technically difficult to measure, 
and results are often inconsistent, even under research condi-
tions [29]. For this reason, we chose to use I-FABP level, which 
provides an accurate, albeit indirect assessment of microbial 
translocation. We also used imaging to estimate liver fibrosis. 
Performance of the clinical gold standard, liver biopsy, would 
not be practical in this large population. In addition, TE data 

were not available for inclusion in the analysis in 11% of par-
ticipants, but findings were similar when imputed analysis and 
complete case multivariable analysis were performed. Finally, 
while we pooled data from 2 cohorts, the VAHH was designed 
to allow for pooled analysis of its data with WIHS data; multi-
variable regression analysis was also used to control for differ-
ences in characteristics between the 2 cohorts.

In summary, HIV and HCV infection are independently as-
sociated with higher sCD14 levels. Gut epithelial damage is as-
sociated with immune activation in the setting of HIV, whereas 
liver fibrosis plays a greater role in determining immune activa-
tion in the setting of HCV. Because immune activation has been 
associated with HIV and HCV disease progression, our find-
ings highlight the importance of treating both HIV and HCV 
infection to curb immune activation and its clinical sequelae in 
patients with either or both infections.

STUDY SITES AND INVESTIGATORS

WIHS I–WIHS V sites (principal investigator[s]; National 
Institutes of Health award number) are as follows: University 
of Alabama–Birmingham School of Medicine WIHS (Michael 
Saag, Mirjam-Colette Kempf, and Deborah Konkle-Parker; 
U01-AI-103401); Atlanta WIHS (Ighovwerha Ofotokun and 
Gina Wingood; U01-AI-103408); Bronx WIHS (Kathryn 
Anastos; U01-AI-035004); Brooklyn WIHS (Howard Minkoff 
and Deborah Gustafson; U01-AI-031834); Chicago WIHS 
(Mardge Cohen and Audrey French; U01-AI-034993); 
Metropolitan Washington WIHS (Seble Kassaye; 
U01-AI-034994); Miami WIHS (Margaret Fischl and Lisa 
Metsch; U01-AI-103397); University of North Carolina–Chapel 
Hill WIHS (Adaora Adimora; U01-AI-103390); Connie Wofsy 
Women’s HIV Study, Northern California (Ruth Greenblatt, 
Bradley Aouizerat, and Phyllis Tien; U01-AI-034989); WIHS 
Data Management and Analysis Center (Stephen Gange and 
Elizabeth Golub; U01-AI-042590); and Southern California 
WIHS (Joel Milam; U01-HD-032632).
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Diseases online. Consisting of data provided by the authors to 
benefit the reader, the posted materials are not copyedited and 
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ments should be addressed to the corresponding author.
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