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To determine the immunological profile most important for IRIS prediction, we evaluated 20 baseline plasma
biomarkers in Acquired Immunodeficiency Syndrome (AIDS) patients initiating antiretroviral therapy (ART).
Patients were enrolled in a randomized, placebo-controlled ART initiation trial in South Africa and Mexico to
test whether maraviroc could prevent IRIS. Participants were classified prospectively as having IRIS within
6 months of ART initiation. Twenty plasma biomarkers were measured at study enrollment for 267 participants.
Biomarkers were tested for predicting IRIS with adjustment for covariates chosen through forward stepwise

::?gwords' selection. Sixty-two participants developed IRIS and of these 19 were tuberculosis (TB)-IRIS. Baseline levels of
HIV vitamin D and higher p-dimer, interferon gamma (IFNv), and sCD14 were independently associated with risk
Biomarker of IRIS in multivariate analyses. TB-IRIS cases exhibited a distinct biosignature from IRIS related to other patho-
Vitamin D gens, with increased levels of C-reactive protein (CRP), sCD14, IFN<y, and lower levels of Hb that could be captured
p-Dimer

by a composite risk score. Elevated markers of Type 1 T helper (Th1) response, monocyte activation, coagulation
and low vitamin D were independently associated with IRIS risk. Interventions that decrease immune activation

and increase vitamin D levels warrant further study.
Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Inflammatory cytokine

1. Introduction effective microbiologic control of underlying infection in cases of para-
doxical IRIS. Among patients with HIV infection in resource-limited set-
tings, IRIS usually occurs within the first few weeks and up to six

months after start of therapy; in these settings, resource utilization and

Immune reconstitution inflammatory syndrome manifests as para-
doxical worsening or uncovering of infection or malignancy following

ART initiation, despite successful suppression of HIV replication and

% Preliminary results of this study were presented at the 22nd Conference on
Retroviruses and Opportunistic Infections (CROI 2015) in Seattle, February 23-26, 2015.
Abstract 308.
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mortality can be high (Hoyo-Ulloa et al., 2011; Muller et al., 2010). De-
spite a substantial global disease burden, diagnostic criteria are ill defined,
molecular mechanisms accounting for pathogenesis are unknown, and ef-
fective therapies to mitigate risk are needed (Sereti et al., 2010).

In an earlier retrospective study increased baseline plasma levels of
CRP, p-dimer, interleukin-6 (IL-6), and hyaluronic acid (HA) predicted
IRIS/death within the first year of ART (Boulware et al., 2011). It is
uncertain whether the same markers would have clinical utility when

2352-3964/Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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applied prospectively to a population at higher risk due to lower CD4
count at ART initiation and higher prevalence of TB (Boulware et al.,
2011).

Recent attention has focused on the role of vitamin D in infectious
(de Haan et al.,, 2014) and autoimmune disease, including tuberculosis
(Yang et al,, 2013). In resource-limited settings, which have the largest
burden of advanced HIV disease, mycobacteria are the most common
pathogen involved in the development of IRIS (Conesa-Botella et al.,
2009). Vitamin D deficiency is also prevalent and associated with AIDS
progression (Van Den Bout-Van Den Beukel et al., 2008). A recent ran-
domized, placebo-controlled trial of vitamin D supplementation in pa-
tients with pulmonary tuberculosis demonstrated more rapid clinical
recovery than was seen in placebo recipients, although, further investi-
gation of vitamin D for the prevention or reactivation of tuberculosis in-
fection is needed (Salahuddin et al., 2013). Indeed, mounting evidence
indicates a strong role for vitamin D in the regulation of the human im-
mune response (Modlin, 2007) and resolution of TB-induced inflamma-
tion (Coussens et al., 2012). Multiple in vitro studies have shown that
vitamin D suppresses the stimulation of cell-mediated immunity
(Coussens et al., 2012). Furthermore, a prominent role for monocyte ac-
tivation in paradoxical TB-IRIS was highlighted recently (Andrade et al.,
2014). Biomarkers that indicate monocyte and myeloid cell activation
may improve prediction of IRIS and suggest new pathways of explora-
tion for preventive and therapeutic strategies.

As an adjunctive study to a large randomized controlled trial of antire-
troviral treatment (ART) plus maraviroc or ART alone in treatment-naive
individuals in South Africa and Mexico, we tested the hypothesis that pro-
inflammatory cytokine levels, myeloid cell activation, coagulation and fi-
brosis markers were associated with IRIS risk prior to starting ART. We
further speculated that high levels of vitamin D might protect against
IRIS. Our findings suggest that T-cell and monocyte activation, inflamma-
tion and low vitamin D levels are independently associated with IRIS risk.

2. Methods
2.1. Study Outline

Between 2009 and 2012, the C-C Chemokine Receptor 5 (CCR5) An-
tagonist to Decrease the Occurrence of Immune Reconstitution Inflamma-
tory Syndrome in HIV-Infection (CADIRIS) trial randomized and followed
276 ART-naive HIV-infected patients for six months to test the utility of
the CCR5 antagonist maraviroc as an adjuvant to a standard ART regimen
to reduce the occurrence of IRIS (Sierra-Madero et al., 2014; Mendonca
et al., 2013). Participants received maraviroc 600 mg twice daily or place-
bo added to an ART regimen that included tenofovir, emtricitabine, and
efavirenz for 48 weeks. The primary endpoint was an IRIS diagnosis with-
in 6 months of ART initiation. Clinical data were prospectively collected by
health care providers at the clinical sites. The study was sponsored by the
Instituto Nacional de Ciencias Medicas y Nutricion Salvador Zubiran. The
main clinical trial was sponsored by Pfizer Inc. This study was approved
by the Ministry of Health and Federal Commission for Sanitary Risks Pro-
tection of Mexico, and the Medicines Control Council and Human Re-
search Ethics Committee of South Africa. The ClinicalTrials.gov
registration number is NCT00988780. Results of the main clinical trial
were published in the Lancet HIV (Sierra-Madero et al., 2014).

2.2. Study Participants

Eligible subjects in the CADIRIS Trial were HIV-infected, at least
18 years-old, had a CD4 cell count <100 pL and had not received steroids
within two weeks of randomization. We first evaluated IRIS and mortal-
ity according to baseline levels of selected biomarkers in the entire
CADIRIS population. IRIS cases were reviewed by a central adjudication
committee and identified as those who had an event during the first
24 weeks of ART (Sierra-Madero et al., 2014). IRIS events were pre-
defined as symptoms consistent with an infectious or inflammatory

condition, temporally related to ART initiation and associated with an
increase in CD4 count, a decrease in viral load, or both, not explained
by a new infection, the expected clinical course of a previously diag-
nosed infection, or side effects of ART according to the ACTG IRIS criteria.
On-site clinicians utilized the above criteria to make a preliminary diag-
nosis of IRIS, and documented criteria in an electronic data management
system. To capture all possible RIS cases, the study coordination center
in both countries actively monitored case report forms and electronic
data management system of all patient visits. The central adjudication
committee of four experts not involved in study execution or data col-
lection reviewed all preliminary cases and ultimately determined the
classification of IRIS events by consensus.

Opportunistic infections occurring in IRIS and non-IRIS cases are de-
scribed in the original publication of the related CADIRIS Trial in elec-
tronic Tables 3 and 4.

2.3. Biomarker Measurement

All plasma samples were obtained at study enrollment, prior to ART
initiation, and were stored at -80°. Biomarkers were measured in dupli-
cate after a single freeze-thaw cycle in batched assays. Coagulation
markers were measured in plasma collected in citrate tubes and the re-
maining biomarkers were measured in plasma collected in Ethylenedi-
aminetetraacetic acid (EDTA).

Interferon-+y, interleukin (IL)-1b, IL-6, IL-8, IL-10, IL-12p70, IL-17
and tumor necrosis factor-a (TNFa), CRP, serum amyloid A (SAA),
P-selectin, interferon-inducible protein (IP)-10 were measured by
electrochemiluminescence (Mesoscale Discovery, Rockville MD).
Leukotriene B4 (LTB4), soluble (s) CD14, sCD40 ligand, sCD163,
Von Willebrand Factor (VWF) activity, fibrinogen levels, proteins C and
S, and HA were assessed with the use of standardized enzyme-linked im-
munosorbent assays (ELISAs) (R&D Systems, AdipoBioscience, Zymutest,
and Corgenix). D-Dimer was measured with the use of an enzyme-linked
fluorescence assay on a VIDAS instrument (Biomerieux). 25 hydro-
xyvitamin D is the most abundant of all circulating vitamin D metabolites
and is generally accepted as the best indicator of vitamin D supply (Aloia
et al,, 2008). Therefore, the plasma concentration of 25 hydroxyvitamin D
was measured by a standard ELISA assay (ALPCO).

2.4. Statistical Analysis

In this study, all participants who developed IRIS were included as
IRIS cases and participants who did not develop IRIS were controls.
Descriptive statistics were used to compare baseline demographics, lab-
oratory test results, and biomarker measurements between the groups.
Results of laboratory tests were analyzed as continuous variables and
variables not normally distributed were log,o-transformed prior to
comparisons. We used Fisher's Exact test to evaluate the association be-
tween categorical variables and IRIS.

We used logistic regression to examine the association between
biomarker levels and IRIS. We first performed univariate analyses to as-
sess the potential impact of baseline variables, selecting those with a
two-sided p value of <0.10 for inclusion in a forward stepwise regression
analysis to determine which were independently associated with the de-
velopment of IRIS. Separate analyses were performed for all-cause IRIS,
TB-IRIS and viral IRIS. Next, we performed univariate analyses of the bio-
markers, adjusting for the covariates above, and selected those signifi-
cantly associated with all-cause IRIS (p < 0.10) for inclusion in a forward
stepwise regression analysis to identify those markers appearing inde-
pendently associated with all-cause IRIS, TB-IRIS, and viral IRIS.

Further sub-analyses were performed by IRIS type (no-IRIS, TB-IRIS
and other IRIS) utilizing Kruskal-Wallis tests with Dunn's multiple com-
parisons post-test because most variables in the clinical subgroups were
not normally distributed even after logarithmic transformation.

The inferential networks (described here as host interactome) were
generated from Spearman correlation matrices containing values of
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