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Background.  Immune reconstitution inflammatory syndrome (IRIS) is a common cause of morbidity among people with 
human immunodeficiency virus (PWH) who initiate antiretroviral therapy (ART) with severe lymphopenia. Easily accessible tools 
that reliably predict emergence and elucidate pathogenesis of IRIS are needed to facilitate improved clinical management.

Methods.  Plasma levels of biomarkers were measured before ART initiation in a large multinational cohort of ART-naive PWH 
with severe immunosuppression (CD4+ count <100 cells/mm3) in United States, Kenya, and Thailand. We performed a series of 
multiparametric analyses of inflammatory and clinical biomarkers and developed a composite score merging relevant biomarkers 
for use in a prediction model.

Results.  We identified a distinct baseline inflammatory profile and changes in inflammatory networks among biomarkers in par-
ticipants who subsequently developed mycobacterial or viral IRIS. We also developed a composite score incorporating biomarkers 
associated with IRIS (interleukin-6 [IL-6], IL-10, IL-27, sCD14, interferon-γ, tumor necrosis factor-α, hyaluronic acid, D-dimer, 
body mass index, and hemoglobin) that accurately predicted mycobacterial IRIS and death in this cohort.

Conclusions.  Systemic inflammatory profiles in PWH with severe immunosuppression are predictive of IRIS. Composite scores 
for the prediction of mycobacterial IRIS and death could be useful for risk stratification in PWH and lymphopenia initiating ART.

Clinical Trials Registration.   NCT00286767.
Keywords.   immune reconstitution inflammatory syndrome (IRIS); HIV; tuberculosis; biomarkers.

Human immunodeficiency virus (HIV) infection leads to CD4+ 
T-cell depletion with loss of immunity and development of op-
portunistic infections. Antiretroviral therapy (ART) has led to 
a dramatic reduction in mortality, with restoration of immune 
responses and subsequent improvement of opportunistic infec-
tions [1, 2]. Paradoxically, however, some patients experience a 
rapid clinical deterioration in response to ART, despite control 
of HIV viremia and no apparent drug toxicity; this condition 

is known as immune reconstitution inflammatory syndrome 
(IRIS) [3].

IRIS, an exaggerated and dysregulated immune phenom-
enon mediated by both innate and adaptive responses, remains 
a major problem in the clinical management of people with 
HIV (PWH), affecting anywhere from 5% up to 50% of severely 
immunosuppressed patients [1, 2, 4]. Risk factors of IRIS con-
sistently identified in studies include: (1) CD4+ T-lymphocyte 
depletion; (2) shorter time between treatment of underlying op-
portunistic infections and ART initiation; and (3) underlying 
infection, even if subclinical, with mycobacterial disease, cryp-
tococcal disease, and herpesviruses being most frequently asso-
ciated with IRIS [2].

The diagnosis and management of IRIS pose significant 
challenges, especially in resource-limited settings where IRIS 
incidence is highest, because extensive diagnostic testing and 
hospitalization are often required. As such, with the current 
mandate to start ART early in PWH with low CD4 counts, 
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improved understanding of pathogenesis and easily accessible 
tools for predicting IRIS are needed.

We have previously described results of a prospective inter-
national study of incidence and predictors of IRIS and death 
among PWH initiating ART with severe immunosuppression 
(NCT00286767) [5]. In that report, we found that low hemo-
globin predicted IRIS whereas low body mass index (BMI), 
and high C-reactive protein (CRP) and D-dimer levels were 
predictors of death. In the current study, we sought to further 
investigate predictors of IRIS and death by expanding our ana-
lyses in our large multinational cohort of ART-naive PWH with 
severe immunosuppression (CD4 < 100 cells/µL). We included 
plasma biomarkers of systemic inflammation, coagulation, and 
fibrosis to investigate differences in systemic inflammatory 
profiles of patients who developed mycobacterial or viral IRIS 
during the study follow-up. Furthermore, we propose a com-
posite score using clinical and laboratory measurements that 
could distinguish mycobacterial from viral IRIS risk and esti-
mate risk of death. This type of predictive score may optimize 
clinical management, including closer follow-up of PWH at 
higher risk of IRIS and/or death.

METHODS

Study Design and Participants

The study was conducted in 3 clinical research sites in the 
United States, Kenya, and Thailand, and persons ≥18 years of 
age, documentation of HIV infection, no previous ART, CD4 
count ≤100 cells/µL, and residence close to clinical sites were 
eligible for enrolment [5]. The protocol was approved by the 
ethics committees of the participating sites. All study partici-
pants signed informed consent and were followed prospectively 
from the initiation of ART (week 0) and at weeks 2, 4, 8, 12, 24, 
36, and 48. Timing and regimen of ART was chosen according 
to local treatment guidelines and clinicians’ preferences. The 
clinical teams at study sites prospectively identified IRIS events 
and presented each to an endpoint review committee, as previ-
ously described [5]. Diagnosis criteria and procedures are de-
scribed in the Supplementary Methods.

Biomarker Measurements

Biomarkers were batch-tested in the same laboratory from 
cryopreserved plasma samples collected from each participant 
prior to ART initiation. Plasma HIV viral load, CD4 and CD8 
counts, hemoglobin, white blood cell count, platelets, and glu-
cose were measured by each site’s clinical laboratory with ap-
proved assays. Electrochemiluminescence was used to measure 
CRP (MesoScale Discovery) and interleukin-27 (IL-27), IL-10, 
IL-2, IL-6, IL-8, interferon-γ (IFN-γ), tissue necrosis factor-α 
(TNF-α), C-X-C motif chemokine ligand 10 (CXCL10), and 
enzyme linked fluorescent assay (ELFA) for D-dimer on a 
VIDAS instrument (bioMerieux), and enzyme-linked immu-
nosorbent assay (ELISA) for soluble cluster differentiation 14 

(sCD14), sCD163, myeloperoxidase (MPO), and tissue factor 
(R&D Systems), and hyaluronic acid (Corgenix) using the 
manufacturer’s instructions.

Data Analysis

The median values with interquartile ranges (IQR) were used 
as measures of central tendency and dispersion. Cytokine levels 
were compared between study groups using Kruskal-Wallis test 
with Dunn multiple comparisons or Cochran-Armitage test for 
trend. P values were adjusted for multiple comparisons using 
the Holm-Bonferroni method. A heatmap was used to display 
z-score normalized data and depict the overall profile of bio-
markers in the study groups. Venn diagrams were used to illus-
trate differentially expressed markers.

Profiles of correlations between biomarkers were examined 
using network analysis of the Spearman correlation matrices. 
In such analyses, markers that exhibited similar correlation 
profiles were colored based on a modularity [6], using the 
Fruchterman-Reingold algorithm [7].

A Cox proportional hazards regression model was used to 
estimate hazard ratios (HRs) and 95% confidence intervals (CI) 
for mycobacterial IRIS or death. Variables with univariate P 
value ≤ .2 were selected to the multivariate model to assess the 
odds ratio (OR).

A composite score was created using the variables shown to 
be statistically different between no IRIS, and mycobacterial 
and viral IRIS after P value adjustment (threshold, .002): IL-6, 
IL-10, IL-27, sCD14, IFN-γ, TNF-α, hyaluronic acid, D-dimer, 
BMI, and hemoglobin level. A score of one (+1) was attributed 
whenever each biomarker values were above the 75th percentile 
and BMI and hemoglobin levels below the 25th percentile of the 
entire study population. This composite score could then range 
between zero and 10.

Values obtained between IRIS groups were compared using 
the Kruskal–Wallis test with Dunn multiple comparisons. 
Receiver operator characteristics curves were employed to test 
the performance of the composite score to distinguish myco-
bacterial IRIS from viral IRIS or individuals who did not de-
velop IRIS. Survival probability was calculated by multiplying 
probabilities for each prior score point and relative risk was cal-
culated for indicated score ranges using Kaplan-Meyer curves.

All analyses were prespecified. Differences with 2-tailed P 
values < .05 were considered statistically significant.

RESULTS

Characteristics of Study Participants

The baseline clinical characteristics of enrolled participants have 
been previously published [5]. In brief, 506 participants were 
enrolled including 206 participants from the United States (157 
no IRIS, 22 mycobacterial IRIS, and 18 viral IRIS); 200 from 
Kenya, (167 no IRIS, 17 mycobacterial IRIS, and 9 viral IRIS), 
and 100 from Thailand (84 no IRIS, 8 mycobacterial IRIS, and 
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2 viral IRIS) (Supplementary Table 1). A detailed description of 
IRIS events is shown in Supplementary Table 2. The age and sex 
of participants who developed IRIS (mycobacterial or viral) did 
not differ significantly from those who did not (P = .2961 and 
P = .9648, respectively; Supplementary Table 2).

Mycobacterial IRIS Patients Exhibit Distinct Expression Profiles of 

Inflammatory Biomarkers in Peripheral Blood

We examined the overall expression profile of 23 plasma in-
flammatory biomarkers and CD4+ and CD8+ T-cell counts to 
compare the baseline expression profiles of participants who 
developed IRIS (mycobacterial or viral IRIS) with those who 
did not (no IRIS). Unsupervised hierarchical clustering ana-
lyses of the log10-transformed mean expression values from 
each clinical group revealed that participants with mycobac-
terial IRIS had a very distinct biomarker expression profile 
compared to no IRIS and viral IRIS, with overall higher expres-
sion of mostly inflammatory markers, including TNF-α, IL-27, 
MPO, sCD163, CXCL10, sCD14, hyaluronic acid, CRP, IFN-γ, 

D-dimer, IL-10, and IL-6 (Supplementary Table 3). The profile 
of most markers was similar between no IRIS and viral IRIS, 
with high expression of white blood cells and BMI in viral IRIS 
and increased platelet count in no-IRIS patients (Figure 1A and 
Supplementary Table 2).

We next designed a Venn diagram including only the 
markers that were differentially expressed between the IRIS 
groups and no-IRIS controls after adjustment for multiple 
measurements. This analysis revealed that BMI was the only 
variable that was different (higher) in the viral IRIS group 
compared to the no-IRIS group (Figure 1B). In the mycobac-
terial IRIS group, hemoglobin levels were lower whereas con-
centrations of D-dimer, CRP, hyaluronic acid, IFN-γ, TNF-α, 
IL-10, IL-27, sCD14, and IL-6 were higher (Figure 1B). These 
findings highlight the activation of inflammatory pathways 
in mycobacterial infection. Fold-differences of the circu-
lating concentrations of each biomarker are summarized in 
Figure 1C. When mycobacterial was compared to viral IRIS, 
the profile of the fold differences was similar to that observed 
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Figure 1.  Mycobacterial IRIS patients exhibit a distinct inflammatory biosignature of plasma markers compared to no IRIS and viral IRIS. Plasma samples were assessed 
in no-IRIS individuals (n = 409), patients with mycobacterial IRIS (n = 47), or viral IRIS (n = 29). Data were log10 transformed and z-score normalized. A, A hierarchical cluster 
analysis (Ward method with 100 × bootstrap) was employed to test the overall expression pattern of plasma cytokines, chemokines, and inflammatory markers in the study 
population. Dendrograms represent Euclidean distance. *P < .05, **P < .01, ***P < .001. B, Venn diagram demonstrates the markers for which values were statistically dif-
ferent between IRIS groups (mycobacterial or viral IRIS) and the no-IRIS group. C, Differences in plasma levels for each IRIS group compared to the no-IRIS group. Differences 
that reached statistical significance after adjustment for multiple comparisons (adjusted P < .05) are represented in colored bars. Abbreviations: CRP, C-reactive protein; 
CXCL10, C-X-C motif chemokine ligand 10; HIV, human immunodeficiency virus; IFN-γ, interferon-γ; IL, interleukin; IRIS, immune reconstitution inflammatory syndrome; MPO, 
myeloperoxidase; Myc, mycobacterial; sCD, soluble cluster differentiation; TNF-α, tumor necrosis factor-α; WBC, white blood cells.
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Figure 2.  Network analysis of the biomarker correlation matrices in the groups of study. Spearman correlation matrices of the biomarker expression levels in each study 
group were built and Circos plots illustrate the correlation networks. Each circle represents a different plasma biomarker. The diameter of each circle is proportional to the 
number and power of significant correlations prospectively. The connecting lines represent statistically significant correlations (P < .05). Red connecting lines represent 
positive correlations while blue lines infer negative correlations. Node analysis was used to illustrate the number of strong correlations per marker. Markers were vertically 
grouped according to the number of connections from minimum to maximum numbers detected. Abbreviations: BMI, body mass index; IFN-γ, interferon-γ; IL, interleukin; sCD, 
soluble cluster differentiation; TNF-α, tumor necrosis factor-α.

between mycobacterial IRIS vs no IRIS. Hence, BMI and he-
moglobin levels were higher in viral IRIS whereas sCD14, 
TNF-α, IL-27, IFN-γ, hyaluronic acid, IL-6, and IL-10 levels 
were higher in mycobacterial IRIS (Figure  1C). To identify 
possible markers independently associated with the IRIS or 
death outcomes, we performed a Cox-regression model and 
found that higher BMI, white blood cell count, and IL-27 
levels were independently associated with occurrence of 
IRIS in the adjusted model, whereas higher levels of hemo-
globin and sCD163 were protective. Similar analysis applied 
to death revealed that increasing white blood cell counts as 
well as IL-10 and IL-8 levels were associated with mortality 
(Supplementary Figure 1).

Mycobacterial Infection Is Associated With Changes in Inflammatory 

Networks Between Markers in Peripheral Blood

We investigated the inflammatory networks, at baseline, of par-
ticipants who did not develop IRIS (controls) in comparison 
to those who developed mycobacterial and viral IRIS. We have 
previously shown that network analysis of Spearman correla-
tion matrices can provide insights on the degree and quality of 
inflammation in tuberculosis-HIV as well as in other diseases 
[8–11].

We found that controls exhibited a greater number of 
correlations when compared with those who developed 
mycobacterial or viral IRIS (Figure  2). Controls displayed 
several positive and some negative correlations, highlighting 
the negative association of D-dimer with BMI and hemo-
globin levels (Figure  2, left). Furthermore, the control in-
flammatory networks demonstrated a strong involvement 
of proinflammatory mediators such as between IFN-γ and 
TNF-α, IL-6, IL-27, and sCD14. Intriguingly, in no-IRIS 
controls, all markers included in our analysis presented the 

same number of correlations with each other, suggesting a 
balanced systemic immune activation.

In mycobacterial inflammatory IRIS networks, we noted a 
decrease in the number of correlations, suggesting potential 
uncoupling of the immune responses (Figure 2, center). Node 
analysis of mycobacterial IRIS network indicated that IL-6, 
sCD14, and TNF-α, followed by hemoglobin, were the most 
highly connected markers, suggesting that these biomarkers are 
associated with the unbalanced inflammation that may result in 
IRIS events driven by mycobacteria. We also found that hemo-
globin levels displayed statistically significant negative correl-
ations with the inflammatory markers IL-6, IL-10, and IL-27, 
whereas BMI negatively correlated with IL-6 levels.

In viral IRIS inflammatory networks, we observed important 
differences. Specifically, TNF-α, that showed the largest number 
of correlations in the other groups, was only negatively correl-
ated with BMI in viral IRIS. Furthermore, 3 markers exhibiting 
the highest numbers of significant correlations in the network 
were sCD14, IFN-γ, and D-dimer, and were also positively cor-
related with each other, likely modulating the dynamic inflam-
matory process in viral infection in individuals that developed 
IRIS. These findings suggest an uncoupling and disorganization 
of the immune responses during HIV infection before ART 
initiation in participants who subsequently developed viral or 
mycobacterial IRIS; these participants exhibited a distinct in-
flammatory profile characterized by diminished number of cor-
relations between biomarkers.

Inflammatory Score of Plasma Markers to Predict Viral or 

Mycobacterial IRIS

We then sought to develop a composite score composed of 
clinical, laboratory, and immunological parameters for the 
prediction of IRIS, either mycobacterial or viral, using a 
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similar approach to the one we recently described [12]. We 
included baseline variables significantly associated with my-
cobacterial and/or viral IRIS after adjustment for multiple 
comparisons in univariate analysis (Figure 3A, Supplementary 
Table 2, and Supplementary Table 3), including IL-6, IL-10, 
IL-27, sCD14, IFN-γ, TNF-α, hyaluronic acid, D-dimer, 
BMI, and hemoglobin (Figure 3A). Mycobacterial IRIS par-
ticipants had higher score values than viral IRIS or no-IRIS 
participants (Figure  3A). We explored the potential of this 
composite score to predict IRIS using receiver operating 
characteristic curves with C-statistics and found that com-
posite scores have significant potential for the prediction of 
mycobacterial IRIS (area under the curve [AUC] = 0.75; sen-
sitivity, 57.45 [95% CI, 42.2–71.7]; specificity, 78.24 [95% CI, 

73.9–82.1]) using a cutoff value above 3 points. Of note, our 
composite score showed 100% specificity in scores above 8, 
98.29% above 7 points, and 95.1% above 6 points, exhibiting 
a higher predictive value for mycobacterial IRIS prediction 
in levels above 6 points. In addition, albeit less robustly, our 
composite score displayed potential to predict all IRIS types 
when analyzed versus no-IRIS patients (Figure 3B).

We next evaluated the relative contribution of clinical labora-
tory variables compared to immunological markers in the IRIS 
predictive power of the composite scores. AUC values using 
only the clinical laboratory parameters were in general infe-
rior to those utilizing the immunological variables, especially 
in the prediction of mycobacterial IRIS (Supplementary Figure 
2A and 2B). These findings suggest that plasma biomarkers 
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IRIS from no IRIS, and mycobacterial IRIS cases from viral IRIS or no-IRIS individuals, and viral IRIS from no IRIS. Abbreviations: AUC, area under the curve; CI, confidence 
interval; IFN-γ, interferon-γ; IL, interleukin; IRIS, immune reconstitution inflammatory syndrome; sCD, soluble cluster differentiation; TNF-α, tumor necrosis factor-α.
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Figure 4.  An inflammatory composite score predicts death in late presenters with HIV infection. A, Kaplan-Meier curves show percentage survival over 26 weeks for par-
ticipants who developed IRIS and those who did not (left panel) or in groups of patients stratified per IRIS subtype (no IRIS, mycobacterial IRIS, and viral IRIS; right panel). B, 
Survival curve of patients stratified according to the composite score in low (0–3 points) or high score group (4–10 points). Curves were compared using log-rank (Mantel-Cox) 
test. C, Survival probability according to the composite score. Relative risk was calculated in the group of individuals with low or high score values. Abbreviations: CI, confi-
dence interval; HIV, human immunodeficiency virus; IRIS, immune reconstitution inflammatory syndrome; Myc, mycobacterial.

together with clinical measurements had better accuracy in pre-
diction of mycobacterial IRIS and could aid in clinical manage-
ment of PWH at higher risk of IRIS.

A Composite Score Indicates Higher Probability of Death in Patients With 

High Scores

Next, we asked whether the composite score proposed here 
could also be used to predict death in study participants. 
For this, we stratified all patients according to death or sur-
vival and arbitrarily defined a low (<4 points) and high (≥4 
points) score to analyze the baseline distribution in relation 
to the composite score (Figure  3). To extend this analysis, 
we used Kaplan-Meier curves to initially assess the behavior 
of the groups during the weeks of follow-up (Figure 4A); we 
found no statistically significant difference between the sur-
vival curves from participants that developed IRIS analyzed 
here from that of those who did not (P = .6071) and no-IRIS, 
mycobacterial, and viral IRIS groups (P = .9618). Extending 
this approach, however, to investigate mortality in patients 
according to high or low composite scores, we observed that 

patients with a high score had increased mortality during the 
study period (Figure 4B). Next, we applied an adapted Kaplan-
Meier model to assess survival probability according to score 
values and observed that patients with high composite score 
were 4.6 times more likely to die (Figure 4C). Low scores, es-
pecially between zero and 2 points, were not associated with 
change in the probability of survival. Starting at 2 points we 
could detect a decrease in the probability curve, which fell ab-
ruptly from the fourth point in the composite score, with a 
greater reduction in the probability of survival between 6 and 
7 points. This approach argues that patients with mycobacte-
rial coinfection and higher composite scores are more likely to 
have unfavorable outcomes.

DISCUSSION

In the present study we explored a panel of plasma biomarkers 
in a large, geographically diverse cohort of severely immuno-
compromised PWH [5]. Our primary results corroborate pre-
vious evidence of increased innate inflammation and expand 
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the current knowledge by directly comparing the inflamma-
tory profile and demonstrating unique predictive signatures of 
PWH who developed mycobacterial versus viral IRIS.

Coinfection with mycobacteria in PWH is associated with 
increased innate and adaptive immune activation [13, 14]. The 
pathogenesis of mycobacterial IRIS has been associated with 
CD4+ T-lymphocyte activation [3], and a major role of innate 
immunity [8, 15–17]. We have previously shown that activa-
tion of monocytes and related markers (sCD163 and sCD14) 
are potential predictors of tuberculosis-IRIS [8]. In addition, 
we have previously reported that a combination of biomarkers, 
including CRP, sCD14, IFN-γ, and hemoglobin, could accu-
rately predict tuberculosis-IRIS in a cohort from Mexico and 
South Africa [12].

To our knowledge, very few studies have directly investigated 
details of immune responses and predictors in viral IRIS [2]. We 
have previously shown that levels of hyaluronic acid, D-dimer, 
IL-6, IL-8, and sCD14 and high HBV viral load were associated 
with death or flares in PWH coinfected with hepatitis B and/or 
C virus [18]. High viral antigen load has been observed in pa-
tients who further develop Kaposi sarcoma IRIS [19, 20]. In the 
present study, we investigated the immunological and inflam-
matory profile of patients who developed viral IRIS and found 
no statistically significant differences in biomarker concentra-
tions compared to those who did not develop IRIS. Patients 
from the viral IRIS group, however, presented with higher BMI 
values compared to no IRIS. It has been demonstrated in mouse 
and nonhuman primates that bacterial pathogens lead to a more 
robust activation of innate immunity [21] and intracellular 
pathogens such as mycobacteria or fungi can cause more in-
tense myeloid and macrophage responses. In contrast, chronic 
viral pathogens are frequently subclinical and typically activate 
inflammatory pathways related to interferon responses [22]. We 
hypothesize that the concurrent viral infections triggered im-
mune responses similar to HIV, and did not result in a strong 
immune disturbance that would lead to a distinctive biomarker 
signature and may have different pathways affected without 
prominent myeloid and macrophage activation as in intracel-
lular pathogens such as mycobacteria or fungi, so that viral IRIS 
did not result in a distinctive inflammatory response and was 
masked by the overall immune activation pathways triggered by 
HIV itself. Future studies analyzing data from larger cohorts are 
warranted to directly test this hypothesis.

The observation that higher IL-27 was independently associ-
ated with occurrence of IRIS is a novel and interesting finding. 
IL-27 is a cytokine that critically regulates T-cell differentiation 
and regulatory function and represents an important check-
point in the immune system [23]. IL-27 upregulates many in-
hibitory receptors, such as PD-1, and is also directly involved 
in immune responses and mycobacterial burden control in tu-
berculosis [23] and, thus, should be further studied with regard 
to IRIS.

Immune activation is a coordinated process that involves 
cross-regulation by production of several pro- and anti-inflam-
matory mediators [24, 25], the intricate relationship of which 
can be interrogated through analysis of correlation matrices [9, 
26]. In the context of IRIS, particularly viral IRIS which has not 
been systematically studied previously, Spearman matrices help 
to understand the dynamic pathways involved in the immune 
activation that precedes the IRIS events. In the present study, we 
found that the presence of infection (bacterial or viral) probably 
leads to IRIS by uncoupling immune responses, suggested by 
the reduction of statistically relevant correlations. In addition, 
identification of the most relevant markers in the node analysis 
of the networks suggested a prominent role for IL-6, which has 
been implicated in the prediction and pathogenesis of myco-
bacterial IRIS in both clinical [17] and animal [27] studies. Our 
analysis also demonstrated a role of D-dimer in the network of 
viral IRIS; however, its involvement in virus-driven inflamma-
tion associated with IRIS requires further clarification. Finally, 
the monocyte-derived protein sCD14 was a highly connected 
marker in all the matrices evaluated, indicating that innate in-
flammation may be central in both viral and mycobacterial IRIS.

Importantly, we propose an inflammatory score composed of 
markers that have been widely studied in mycobacterial IRIS 
and which can be used to predict the occurrence of this syn-
drome, and death. The application of blood-based markers 
can facilitate a more specific approach, when the immunolog-
ical status is directly linked with the clinical outcome [28]. An 
inflammatory score for predicting mycobacterial IRIS could 
potentially serve as a new tool in the clinical management of 
coinfected patients before ART initiation. Diagnosing IRIS is 
challenging, and delays for diagnostic procedures can hamper 
quick therapy and lead to more tissue damage [29], procedures, 
and hospitalizations. Our score, composed of 10 host blood-
based and clinical parameters, showed great power to predict 
mycobacterial IRIS. Considering the current therapy strategy in 
IRIS management, corticosteroids have been extensive studied 
[30–32] and can attenuate the inflammatory manifestations 
[32]. Our results suggest the possibility of using the composite 
score to identify patients who would mostly benefit from im-
plementation of preventive corticosteroid therapy to prevent 
IRIS. Additionally, our inflammatory composite score can be 
used to evaluate the relative risk of death between patients with 
IRIS, which, in turn, could be used as a guide to intensify clin-
ical follow-up. Our findings suggest that patients with a score 
above 6 at pre-ART would exhibit higher risk of death and thus 
may benefit from closer monitoring or additional interventions. 
Although IRIS was independently associated with mortality in 
the parent study, where other types of IRIS were analyzed be-
yond mycobacterial and viral [5], only 6 patients with mycobac-
terial IRIS died, and mortality was not substantially impacted 
by occurrence of mycobacterial IRIS, probably due to small 
sample size for that specific comparison. Additional studies 
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will be needed to validate the clinical applicability of our com-
posite scores as tools to help decisions to initiate corticosteroid 
therapy and/or modify intensity of follow-up.

The limitations of our study include the small number of 
participants, especially in the viral IRIS group and in the death 
group, preventing a more detailed analysis. Regardless, the re-
sults generate the hypothesis that there is an uncoupling of 
the systemic immune activation, which precedes the onset of 
mycobacterial IRIS.

In summary, our study revealed differences in the systemic in-
flammatory profile between patients with severe immunosuppres-
sion who develop IRIS and demonstrated the dynamic interplay 
between cytokines and soluble proteins preceding this syndrome. 
We further characterized differences between systemic inflamma-
tion among patients who will develop mycobacterial or viral IRIS 
and composed a score with clinical and laboratory parameters 
that predicted IRIS and death. If validated by other studies in se-
vere immunosuppressed PWH at ART initiation, this composite 
score could be further implemented in the clinical setting to assess 
the risk of IRIS and death and optimize patient care.
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