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Introduction: Microbial translocation has been implicated as a

contributing factor to the heightened immune activation observed

during HIV-1 disease progression. When examined in a longitudinal

study of HIV-1 seroconverters in Rakai, Uganda, microbial trans-

location was not associated with HIV-1 disease progression.

However, the role of general immune activation in HIV disease

progression in this population was not fully examined.

Methods: Longitudinal serum samples of HIV-1 seroconverters in

three HIV-1 disease progression groups [long-term nonprogressors

(LTNP), standard progressors (SP), and rapid progressors (RP)] from

Rakai, Uganda, were tested for levels of C-reactive protein (CRP),

a marker for immune activation.

Results: CRP levels significantly increased in the SP group (P ,

0.0001) but not in the RP group or the LTNP group. CRP levels

during the first year post-HIV seroconversion in the RP group were

significantly higher than those observed in the LTNP group (P ,

0.05). For the entire population, CRP levels negatively correlated

with lipopolysaccharide levels (P , 0.05) and were not associated

with endotoxin antibody levels.

Conclusions: This study suggests that in this population, increased

immune activation is significantly associated with HIV-1 disease

progression but not microbial translocation.
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INTRODUCTION
Immune activation has been demonstrated in multiple

studies to be a significant contributing factor to HIV-1 disease
progression.1–4 In a cross-sectional analysis of subjects in the
United States, it was observed that this immune activation was
associated with increased levels of the bacterial components in
the blood, which was hypothesized to be due to increased
microbial translocation from the lumen of the gastrointestinal
tract.5 This increase in microbial translocation was hypothe-
sized to contribute to HIV-1 disease progression.5,6 When this
theory was examined in a longitudinal study of HIV-1
seroconverters with known progression outcomes from Rakai,
Uganda, it was found that microbial translocation or its
subsequent innate cytokine response had no association with
HIV-1 disease progression.7 However, this study did not measure
general immune activation specifically. CRP is an indicator
of immune activation in response to inflammatory damage or
infection and has been shown to increase in HIV-1–infected
individuals.8–11 Therefore, we examined C-reactive protein
(CRP) levels in these subjects to determine if immune activation
was associated with disease progression in this population.

METHODS
The study population has been described in detail

previously.7 Briefly, serum samples of HIV-1 seroconverters
from Rakai, Uganda, were tested for levels of CRP by enzyme-
linked immunosorbent assay using manufacturer’s recommen-
dations (Invitrogen, Carlsbad CA; or Biovender Laboratory
Medicine, Czech Republic for samples that were out of range
on the Invitrogen assay). Longitudinal samples from pre-
infection throughout disease progression were tested, and the
subjects were divided into three progression groups [long-term
nonprogressors (LTNP, CD4 count .600 cells/mL at 7+ years
after seroconversion; n = 27), standard progressors (SP, death
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.5 years but,9 years after seroconversion; n = 41), and rapid
progressors (RP, death,4 years after seroconversion; n = 39)].
The change in CRP level by progression group was then
examined using a linear mixed-effects model, and the slopes
(mg/year, ie, the change of CRP along time) were tested and

compared between progression groups at significance level of
a = 0.05.7,8 CRP levels at the first year postseroconversion
were compared using an Analysis of Variance on ranks test,
and Dunn method for pair-wise comparisons (P , 0.05). Due
to the variability observed in the longitudinal CRP levels, the

FIGURE 1. Longitudinal changes of
CRP levels according to disease pro-
gression groups. The last HIV-negative
time point for each patient (year 0)
and all subsequent years postsero
conversion are shown together (A)
and for each progression group [LTNP
(B) (circles, n = 27), SP (C) (inverted
triangles, n = 41), and RP (D) (squares,
n = 39)]. Longitudinal variation in
patient levels was determined using
linear multilevel modeling fit with
slopes and 95% confidence intervals
shown for each group. The resulting
regression line for each group is
shown in the respective color (A).

FIGURE 2. Comparisons of CRP and
LPS (A), EndoCab (B), LBP (C), and
sCD14 (D) levels for the total pop-
ulation were calculated using Spear-
man rank order analysis. Correlation
coefficients (R) for all cytokines and
microbial translocation markers are
shown with corresponding P values
(significance was determined to be
P, 0.05). EndoCab, endotoxin core
antibody.
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population was divided into those that showed signs of
consistent immune activation (serially increasing CRP levels
in 80% of subsequent time points, n = 39) and inconsistent
activators (all other subjects, n = 68). CRP levels were
compared with indicators of microbial translocation tested
previously [lipopolysaccharide (LPS), endotoxin core anti-
body, LPS-binding protein (LBP), soluble CD14 (sCD14)]
with a Spearman correlation.7 The cohort was approved by
Institutional Review Boards in Uganda (the Uganda Virus
Research Institute’s Science and Ethics Committee and the
Uganda National Council for Science and Technology) and
from the Institution Review Boards of collaborating US
institutions (Walter Reed Army Institute of Research,
Columbia University and Johns Hopkins University).

RESULTS
It was observed that CRP levels significantly increased

in the SP group (slope = 1.80 mg/year, P , 0.0001) but not in
the RP group (slope = 0.39, P = 0.67) or the LTNP group
(slope =20.20, P = 0.53) (Fig. 1). The increase in CRP levels
observed in the SP group was significantly higher than in the
LTNP group (P = 0.0005) (Fig. 1A). The slope of the increase
in CRP levels in the SP group is similar to levels observed by
Lau et al8 in US subjects who progress to AIDS (slope = 1.39).
CRP levels during the first-year postseroconversion in the RP
group [median = 4.76 mg/L, interquartile range (IQR) = 1.37–
13.8] were significantly higher than those observed in the
LTNP group (median = 0.57; IQR = 0.21–4.21) (P , 0.05) but
not the SP group (median = 2.55, IQR = 0.65–5.08).

CRP levels were slightly negatively correlated with LPS
(r =20.12, P , 0.05) but were significantly correlated to LBP
(r = 0.57, P , 0.001), and the monocyte activation marker
sCD14 (r = 0.42, P , 0.001) (Figs. 2A, C, D). There was no
correlation between CRP and endotoxin core antibody levels
(Fig. 2B). When these parameters were examined according to
progression group, consistent patterns were seen for LBP and
sCD14, but LPS was negatively correlated to CRP in the SP
group only (Table 1). CRP did not correlate with LPS in those
subjects with consistent immune activation (r = 20.08, P =
0.325) but was negatively correlated in those individuals with
inconsistent activation (r = 20.204, P , 0.01).

DISCUSSION
The similarity between these results and those seen in

US-based studies would suggest that at least in the case of
longitudinal CRP levels, the two populations are similar.8 This

is surprising because the previous findings found significant
differences in a variety of markers for immune activation in
HIV-uninfected individuals.7 Additionally, it is interesting that
CRP levels did not significantly increase in the RP group, but
this may be due to the higher initial levels of CRP seen in this
group. The short lifespan of the RP group also may not provide
enough time for the CRP levels to noticeably increase. It is also
possible that the higher initial level of immune activation seen
in the RP group contributes to rapid disease progression. The
absence of change in the LTNP group was expected because
lower rates of CRP increase have been seen in individuals who
do not progress to AIDS.8 These results are also somewhat
divergent from a study done in Zambia that found that
increased CRP levels only associated with HIV-1 disease
progression in patients who had diarrhea, although that was
a cross sectional study, and therefore is not strictly comparable
to the current longitudinal study.10 It has previously been
speculated that CRP levels may be used as a marker for disease
progression in resource-poor settings, but the variability
observed in individual CRP trajectories overtime most likely
limits its clinical utility.12

The negative correlation of CRP with LPS levels in the
total population and the SP group, and the lack of any
significant correlation in those individuals that show consistent
immune activation, suggests that the activation observed in
this population is not caused by an increase in microbial
translocation, even though CRP correlated with other markers
for immune activation (LBP and sCD14) that have been linked
to microbial translocation.5 In conclusion, these data suggest
that in this Ugandan population, immune activation is
associated with HIV-1 disease progression in the absence of
microbial translocation.
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