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Background. Patients with human immunodeficiency virus/AIDS-associated cryptococcal meningitis (CM) frequently expe-
rience clinical deterioration, known as cryptococcosis-associated immune reconstitution inflammatory syndrome (C-IRIS), upon 
initiation of antiretroviral therapy (ART). The immunological mechanisms underlying C-IRIS are incompletely defined and no reli-
able predictive biomarkers exist. We investigated whether plasma or cerebrospinal fluid (CSF) levels of cytokines and chemokines 
predicted C-IRIS and are potential predictive biomarkers.

Methods. Patients with CM who experienced C-IRIS (N = 27) upon ART initiation were compared to CD4+ T-cell count–
matched patients without C-IRIS (N = 27). Plasma and CSF collected pre-ART were assayed for cytokines and chemokines using a 
17-plex Luminex kit or enzyme-linked immunosorbent assay. Cox proportional hazards regression and principal component anal-
yses were also performed.

Results. Plasma interleukin (IL) 2, IL-4, IL-5, IL-7, IL-17, interferon-γ, and tumor necrosis factor-α levels were higher in C-IRIS 
patients compared to controls (all P < .05), with IL-5 and IL-7 significant after Bonferroni-Holm correction. In multivariate Cox 
proportional hazards regression, high IL-5 (hazard ratio [HR], 5.76 [95% confidence interval {CI}, .77–43.0]; P =  .088) and IL-7 
(HR, 9.30 [95% CI, 1.96–44.0]; P = .005) were predictive of C-IRIS. Plasma IL-5 (P = .0008) and IL-10 (P = .0089) were lower in 
those who achieved CSF cryptococcal culture negativity compared to those with positive cultures pre-ART. There were no significant 
differences in CSF cytokine or chemokine levels between cases and controls.

Conclusions. High plasma IL-5 and IL-7 levels pre-ART were associated with increased risk of developing C-IRIS. High IL-5 
levels may reflect a Th2 environment associated with impaired clearance of cryptococci while high IL-7 levels may reflect IL-7/IL-7R 
pathway dysfunction in T cells, both of which could be associated with C-IRIS immunopathogenesis.

Keywords. HIV; cryptococcal meningitis; cryptococcosis-associated immune reconstitution inflammatory syndrome; IL-5; 
IL-7.
 

More than 1 million cases of cryptococcal meningitis (CM) 
occur globally every year, with >70% of these in sub-Saharan 
Africa [1]. In South Africa, CM remains the leading cause of 
adult meningitis [1, 2] and the second leading cause of AIDS-
related death after tuberculosis (TB) [1]. In up to 50% of 

patients with human immunodeficiency virus (HIV)/AIDS-
associated CM, a paradoxical clinical deterioration known as 
cryptococcosis-associated immune reconstitution inflamma-
tory syndrome (C-IRIS) occurs following initiation of antiret-
roviral therapy (ART) [3–5]. The clinical risk factors for C-IRIS 
are imprecise but include persistent cerebrospinal fluid (CSF) 
cryptococcal culture positivity, high cryptococcal antigen load, 
low CSF protein, low CSF leukocyte count, high CSF chemok-
ine levels, low blood CD4+ T-cell count, and poor CD4+ T-cell 
recovery following ART commencement [3, 5–7]. The immu-
nological mechanisms underlying C-IRIS have not been fully 
determined and no reliable immunological biomarkers exist to 
identify at-risk patients.
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IRIS is thought to be a consequence of an exaggerated and dys-
regulated inflammatory response to residual pathogen antigens 
as the immune system recovers following initiation of ART [8, 
9]. Dysfunctions of both innate and adaptive immune responses 
have been implicated [10]. A recent study of CSF cytokines and 
chemokines demonstrated that increases in interferon gamma 
(IFN-γ), interleukin (IL) 4, IL-10, IL-17, and monocyte chemot-
actic protein 1/chemokine (C-C motif) ligand 2 (MCP-1/CCL2) 
were associated with poor disease outcome including C-IRIS 
and death in AIDS-associated CM [7, 11]. Overall, these data 
suggested that the balance between Th1, Th2, and Th17-type 
cytokines affected disease outcome, including development of 
C-IRIS [7]. Another recent study demonstrated that increased 
plasma Th17 and Th2 cytokines such as IL-17 and IL-4, respec-
tively, and lack of proinflammatory cytokine responses pre-ART, 
predispose to subsequent C-IRIS [12]. Nevertheless, precise pre-
dictive immunological biomarkers for C-IRIS remain elusive, 
and there is an urgent need to explore simple biomarkers that 
may be useful for effective prevention, diagnosis, and clinical 
management of this condition. In this study, we investigated if 
CSF and plasma levels of cytokines and chemokines pre-ART 
discriminated patients who went on to develop C-IRIS from 
those who did not, with the aim of elucidating disease pathogen-
esis and identifying predictive biomarkers.

MATERIALS AND METHODS

Participants and Clinical Procedures

Beginning August 2009 to September 2011, 106 HIV-infected 
patients experiencing their first episode of CM were initiated 
on ART and prospectively followed for 24 weeks in Durban, 
South Africa, as described in detail elsewhere [3]. Of these 106 
patients, 27 (25.5%) subsequently developed probable or pos-
sible C-IRIS during follow up. We previously identified a low 
CD4 T-cell count as a risk factor for C-IRIS [3], and therefore 
here we adopted a 1:1 case-control design, comparing 27 prob-
able or possible C-IRIS cases to CD4 T-cell–matched controls 
without C-IRIS.

Written informed consent was obtained from participants 
or next of kin. Review boards at the University of KwaZulu-
Natal (BF053/09), Monash University (20161197839), and the 
University of Western Australia (RA/4/1/2541) granted ethics 
approval.

Plasma and Cerebrospinal Fluid Cytokine and Chemokine Analysis

Plasma and CSF samples were collected following antifungal 
treatment and pre-ART initiation, and at the C-IRIS event and 
frozen at –80°C for subsequent use. Analyte levels were quanti-
fied using a 17-plex high-sensitivity Luminex kit on a Bio-Plex 
200 system (Bio-Rad). The panel included analytes according 
to the following functional classification: (1) anti-inflammatory 
(IL-4, IL-10); (2) proinflammatory (IL-1β, tumor necrosis fac-
tor alpha [TNF-α], IL-6, IL-12); (3) immunoregulatory (IFN-γ, 

IL-2, IL-5, IL-17, IL-13); (4) chemotactic (IL-8/CXCL8, mac-
rophage inflammatory protein 1β [MIP-1β/CCL4], MCP-1/
CCL2); and (5) hematopoietic (granulocyte colony-stimulating 
factor [G-CSF], granulocyte macrophage colony-stimulating 
factor, IL-7). IL-18 concentration was measured using ELISA 
(Medical and Biomedical Laboratories, Boston, Massachusetts).

Statistical Analysis

The Mann-Whitney test was used to compare levels of cytokines 
and chemokines pre-ART for non-C-IRIS vs C-IRIS patients, 
clearance vs non-clearance of cryptococci from CSF, and dead vs 
alive participants at 6 months. The Wilcoxon signed-rank test was 
used to compare cytokine and chemokine concentrations at pre-
ART vs at the time of C-IRIS event. All analyses were performed 
and Bonferroni-Holm corrected for multiplicity with GraphPad 
Prism version 6.1 software (La Jolla, California). Principal com-
ponent analysis (PCA) of cytokine and chemokine variables was 
performed using Stata version 13.0 software (StataCorp, College 
Station, Texas), as most of the analytes were highly correlated, and 
this technique reduces dimensionality of such datasets, resulting 
in linearly uncorrelated variables and increasing interpretability 
but minimizing information loss. Detailed information on the 
PCA approach is available elsewhere [13].

Time-to-event analysis was performed on all participants 
for pre-ART analyte measurements, which were categorized as 
high or low using the cohort median concentration as a cut-
off. Prediction of C-IRIS occurrence was performed using Cox 
proportional hazards regression (Stata version 13.0), followed 
by multivariable Cox proportional hazards regression where 
all cytokine or chemokine concentration levels from univariate 
analysis with P value <.20 were assumed relevant to the final 
multivariate model.

RESULTS

Study Cohort Characteristics, and Pre-Antiretroviral Therapy Cerebrospinal 
Fluid and Plasma Cytokine and Chemokine Levels

Table  1 presents clinical and demographic characteristics of 
participants. First, to determine if we could identify a single or 
group of analytes associated with C-IRIS occurrence, we quan-
tified 17 cytokines and chemokines in plasma and CSF from 
CM patients initiating ART. We observed up to 100-fold higher 
levels in the CSF compared to plasma for all analytes except for 
IL-7, indicative of localized higher inflammation in the central 
nervous system (CNS). Only IL-7 was lower in CSF compared 
to plasma (median, 31.85 vs 158.05 pg/mL; P =  .0005). There 
were no correlations of plasma analytes with their CSF counter-
parts (data not shown).

Analyte levels were compared between the C-IRIS and 
non–C-IRIS groups. In plasma, 7 cytokines were signifi-
cantly higher in C-IRIS patients compared with controls: IL-2 
(P = .0131), IL-4 (P = .0054), IL-5 (P = .0008), IL-7 (P = .0005), 
IL-17 (P = .0043), IFN-γ (P = .0051), and TNF-α (P = .0039) 
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(Figure 1A). Upon Bonferroni-Holm correction, only the Th2 
immunoregulatory cytokine IL-5 (P = .0128) and the hemato-
poietic cytokine IL-7 (P = .0085) remained significantly higher 
in C-IRIS patients (Figure  1B). No significant difference was 

noted for any of the analytes in CSF (Figure  1A and 1B), 
although there was a trend toward higher IL-7 (P = .0740) in 
the C-IRIS group (Supplementary Table  1). ELISA data on 
IL-18 showed no significant difference between C-IRIS and 

Table 1. Clinical and Demographic Characteristics of the Cohort at Antiretroviral Therapy Initiation

Cohort Characteristics C-IRIS Non–C-IRIS P Value

No. 27 27

Age, y 32 (28–40.5) 34 (28–38) .5345a

Sex ratio (female:male) 1:2 1:1 .1390b

Baseline CD4 count/μL 16 (6.5–46.5) 16 (5–55) >.999a

Baseline HIV RNA, log10 copies/mL 5.2 (4.5–5.7) 5.1 (5.0–5.6) .4687a

Days of plasma/CSF collection from cryptococcosis diagnosis 15 (14–17) 15 (14–17.5) >.999a

Days on CM treatment pre-ART 18 (15.5–22) 21 (16–28.5) .0730a

Data are presented as median (interquartile range [IQR]) unless otherwise indicated.

Abbreviations: ART, antiretroviral therapy; C-IRIS; cryptococcosis-associated immune reconstitution inflammatory syndrome; CM, cryptococcal meningitis; CSF, cerebrospinal fluid; HIV, 
human immunodeficiency virus; IQR, interquartile range.

C-IRIS refers to cases of probable or possible C-IRIS and non–C-IRIS refers to patients who experienced no neurological disease during follow-up following initiation of ART. The groups were 
matched by CD4 count. Both groups were on standard regimen of amphotericin 1 mg/kg for a median 14 days, followed by consolidation and maintenance fluconazole, and combination 
ART (commenced median of 18 days from cryptococcal meningitis diagnosis [3]). The first C-IRIS event in these 27 patients occurred at a median of 28 days (IQR, 16.7–49.5 days) from 
time of ART commencement.
aMann-Whitney test.
bχ2 test.
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Figure  1. Pre–antiretroviral therapy (ART) plasma and cerebrospinal fluid (CSF) cytokine and chemokine concentration levels in a cohort of 54 patients with Human 
Immunodeficiency Virus (HIV) -associated cryptococcal meningitis. A, Summary cytokine and chemokine concentration levels (cryptococcosis-associated immune reconstitution 
inflammatory syndrome [C-IRIS] in red and no C-IRIS in blue). Plasma levels but not CSF levels of IL-2, IL-4, IL-5, IL-7, IL-13, IL-17, IFN-γ, and TNF-α (see abbreviation list) were 
significantly higher in patients who developed C-IRIS compared to non-C-IRIS. Bar graphs show medians extended to interquartile range (IQR) with whiskers. B, After correcting 
for false discovery (Bonferroni-Holm), plasma IL-5 (P = .0128) and IL-7 (P = .0085) remain significant. Bar graphs showing medians and the dots showing individual data points 
with whiskers extended to IQR. P values were derived by the Mann-Whitney test. Significance levels were as follows: ***Remained significant after controlling for false dis-
covery; **Retained a strong trend (P < .09) after controlling for false discovery; *Lost significance after controlling for false discovery. Abbreviations: ART, antiretroviral therapy; 
C-IRIS, cryptococcosis-associated immune reconstitution inflammatory syndrome; CSF, cerebrospinal fluid; G-CSF, granulocyte colony-stimulating factor; GM-CSF, granulocyte 
macrophage colony-stimulating factor; IFN, interferon; IL, interleukin; MCP, monocyte chemotactic protein; MIP, macrophage inflammatory protein; TNF, tumor necrosis factor.
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non–C-IRIS patients for both plasma and CSF. Overall, none 
of the analytes correlated with CD4+ T-cell counts or plasma 
HIV RNA (data not shown).

Principal Component Analysis of Plasma but Not Cerebrospinal Fluid 
Analytes Shows Component Association With Cryptococcosis-Associated 
Immune Reconstitution Inflammatory Syndrome

Plasma IL-5 and IL-7 levels were strongly correlated with all 
measured analytes, suggesting confounding within the data-
set. Figure 2A shows the variance of each principal component 
(PC) score among the 54 patients pre-ART. The majority of the 
variance (80%) in the dataset was explained by the first 3 PCs 
exceeding the eigenvalue of 1 (Figure 2B). All cytokines and 
chemokines identified by the Mann-Whitney test as statistically 
associated with C-IRIS loaded into PC-1 (IL-4, IL-5, G-CSF, 
and IFN-γ) or PC-2 (IL-2, IL-7, IL-17, and TNF-α) (Figure 2C). 

The PC loadings heat map (Figure 2C) showed that IL-5 and 
IL-7 loaded high in PC-1 and PC-2 respectively, indicating the 
strong contribution of these cytokines to data variability. PC-1, 
PC-2, and PC-3 contributed 48.0%, 19.0%, and 10.4% vari-
ance in the dataset respectively, with significant association of 
C-IRIS with PC-1 and PC-2 scores (Figure 2D–F). The PCA of 
CSF analytes reflects variance in the dataset with 3 components, 
PC-1 (45.7%), PC-2 (23.5%), and PC-3 (8.71%); however, no 
association was observed between any PC scores from the CSF 
dataset and clinical outcomes (Supplementary Figure 1).

High Pre-Antiretroviral Therapy Plasma Levels of IL-5 and IL-7 Predict 
Cryptococcosis-Associated Immune Reconstitution Inflammatory 
Syndrome

We further sought to assess if plasma levels of IL-5 and IL-7 
pre-ART could predict the risk of developing C-IRIS after ART 
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Figure 2. Principal component analysis (PCA) summary showing associations between plasma baseline PC1 and PC2 scores and cryptococcosis-associated immune recon-
stitution inflammatory syndrome (C-IRIS). A, Shows the variance of each of the principal component (PC) scores among the 54 patients studied. B, Eigenvalues as proportion 
of variance in the dataset explained by each of the PCs. C, Contribution of each of the plasma cytokines and chemokines to the variance in PCs depicted by heat map. PC-1 
was composed primarily of interleukin (IL) 4, IL-5, granulocyte colony-stimulating factor (G-CSF), and interferon (IFN)-γ; PC2 contained IL-2, IL-7, IL-17, and tumor necrosis 
factor alpha (TNF-α); and PC3 contained a heavy negative weighting of IL-13, monocyte chemotactic protein 1 (MCP-1), and macrophage inflammatory protein 1β (MIP-1β). 
D–F, Associations between baseline PC1 and PC2 scores and C-IRIS. The majority of the variance in the dataset was explained by PC1 (48.0%), PC2 (19.0%), and PC3 (10.4%), 
which were used to explore associations between immune responses and outcome. Dot plots showing median and interquartile range (whiskers) of PC scores. P values were 
derived by the Mann-Whitney test. 
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initiation. In univariate Cox regression, the risk of C-IRIS sig-
nificantly increased with high (above median) levels of IL-2, 
IL-5, IL-7, IL-17, TNF-α, and IFN-γ (Table  2). We then per-
formed multivariate Cox proportional hazards regression mod-
els including all cytokines and chemokines with a univariate P 
value <.20 (IL-2, IL-4, IL-5, IL-6, IL-7, IL-13, IL-17, TNF-α, IFN-
γ, and MIP-1β) (Table 2). Whereas high IL-5 levels retained only 
a trend of association (hazard ratio [HR], 5.76 [95% confidence 
interval {CI}, .77–43.0]; P  =  .088), high IL-7 levels remained 
significantly associated with C-IRIS (HR, 9.30 [95% CI, 1.96–
44.0]; P =  .005). As illustrated in Figure 3A, <25% of patients 
with low IL-7 experienced C-IRIS during follow-up compared 
to >75% with high IL-7. Similarly, only 30% of patients with 
low pre-ART IL-5 experienced C-IRIS compared with 65% of 
patients with high IL-5 (Figure 3B). Baseline plasma levels of 
IL-2, IL-17, TNF-α, and IFN-γ were also strongly associated 
with C-IRIS, with <30% of patients with low concentrations 
of these cytokines experiencing C-IRIS compared to >65% of 
those with high concentrations. However, these cytokines were 
not associated with increased risk of C-IRIS after multivariate 
adjustment (Table 2).

Persistent Cerebrospinal Fluid (CSF) Cryptococcal Culture Positivity  
Pre-Antiretroviral Therapy Is Associated With Increased Levels of Plasma 
IL-5 and IL-10 and CSF IL-7

Our previous study in this cohort demonstrated that persistent 
CSF cryptococcal culture positivity was associated with C-IRIS 
[3]. Therefore, we explored the association of plasma and CSF 
cytokine and chemokine levels with cryptococcal culture clear-
ance. Plasma levels of IL-5 (P =  .0008) and IL-10 (P =  .0089) 
(Mann-Whitney test) were significantly lower in patients with 
CSF culture negativity compared to those with persistently 
positive CSF cryptococcal cultures (Figure 4A). Upon correct-
ing for assay multiplicity, IL-5 remained strongly significant 

(P = .0034), with IL-10 showing a trend (P = .1513) (data not 
shown). Importantly, PC-1 scores also trended toward a sig-
nificant difference (P =  .0515) between participants with CSF 
clearance of cryptococci vs those without (Figure 4B). Analysis 
of CSF cytokines and chemokines showed that IL-7 (P = .0158, 
Mann-Whitney test) was significantly higher in patients with 
nonclearance of cryptococci from CSF pre-ART. However, 
upon correcting for assay multiplicity, this result was no longer 
statistically significant.

Antiretroviral Therapy Induced Decrease in Plasma but Not Cerebrospinal 
Fluid Levels of Analytes Except for IL-6 and MIP-1β in Cryptococcosis-
Associated Immune Reconstitution Inflammatory Syndrome Patients

Finally, we explored the impact of ART on plasma and CSF 
analytes in participants who developed C-IRIS, compar-
ing pre-ART to C-IRIS event measurements. All the plasma 
but not CSF cytokine and chemokine levels measured had 
decreased significantly at C-IRIS event compared to pre-ART 
(all P < .05), except for IL-6 and MIP-1β/CCL4 (Figure 5A and 
5B). As plasma MIP-1β/CCL4 has previously been shown to 
predict long-term immunological nonresponse to suppressive 
ART in HIV [14], and IL-6 has previously been shown to pre-
dict C-IRIS and death after commencing ART [15] and was the 
first potential biomarker of IRIS to be identified [16, 17], we 
further explored the association of these 2 analytes with clinical 
outcome in our cohort. We categorized IL-6 and MIP-1β levels 
pre-ART as high or low using the overall cohort median as the 
cutoff. In univariate Cox regression model, the risk of death in 
the C-IRIS group increased with high levels of IL-6 (P = .0288) 
(Figure 5C) and MIP-1β (P = .0490) (Supplementary Table 2). 
However, in a multivariate Cox proportional hazards regres-
sion, only high IL-6 showed a nonsignificant trend of associ-
ation with death (HR,  4.47 [95% CI, .55–46.5]; P  =  .163) in 
the C-IRIS individuals. These results indicate that within the 

Table 2. Time-to-Event Analysis of the Hazard of Cryptococcosis-Associated Immune Reconstitution Inflammatory Syndrome by Plasma Cytokine Profile 
at Baseline

Analyte Hazard Ratio (95% CI) Univariate P Value Multivariate P Value

CD4 count 1.00 (.99–1.01) … .705

Viral load 1.00 (.99–1.00) … .840

IL-2 3.14 (.14–72.3) .0274 .474

IL-4 0.27 (.04–2.03) .1211 .205

IL-5 5.76 (.77–43.0) .0026 .088

IL-6 1.26 (.49–3.23) .1346 .632

IL-7 9.30 (1.96–44.0) .0008 .005

IL-13 1.82 (.49–6.72) .0740 .372

IL-17 0.11 (.00–8.51) .0274 .319

TNF-α 0.33 (.06–1.84) .0225 .208

IFN-γ 3.14 (.10–109) .0040 .493

MIP-1β 1.43 (.54–3.80) .0888 .465

Hazard ratio of C-IRIS occurrence was performed using univariable Cox regression, followed by a multivariable Cox proportional hazards regression where all analytes from univariate analysis 
with a P value <.20 were considered relevant. P values <.05 are boldfaced.

Abbreviations: CI, confidence intervals; C-IRIS, cryptococcosis-associated immune reconstitution inflammatory syndrome; IFN, interferon; IL, interleukin; MIP, macrophage inflammatory 
protein; TNF, tumor necrosis factor.
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168  days of follow-up on ART, in patients who experienced 
C-IRIS, >40% with high IL-6 levels died compared to none 
with low IL-6 levels.

DISCUSSION

In this study, we have utilized a well-characterized cohort of 
individuals with HIV/CM coinfection to investigate whether 
plasma or CSF levels of analytes at ART initiation could 
identify those patients at risk of C-IRIS and thereby discover 
potential biomarkers of increased C-IRIS risk and/or elucidate 
disease pathogenesis. We show that although CSF cytokine and 
chemokine levels were almost always >100-fold higher than 
their plasma counterparts, none predicted C-IRIS. In contrast, 
plasma IL-5 and IL-7 levels pre-ART were higher in individu-
als who subsequently developed C-IRIS and were found to have 

predictive utility for identifying patients at risk. After catego-
rizing the analytes measured in our study into PCs, we found 
that scores for the PCs loading IL-5 and IL-7 in plasma also 
associated with C-IRIS. For patients who developed C-IRIS, 
plasma levels of most cytokines and chemokines had signifi-
cantly declined compared to baseline whereas CSF analyte levels 
remained essentially unchanged, perhaps indicative of ongoing 
or resurgent CNS inflammation. In addition, elevated plasma 
levels of IL-5 and IL-10 were associated with nonclearance of 
cryptococcal infection in pre-ART CSF samples, and high con-
centrations of plasma IL-6 and MIP-1β were predictive of death 
in individuals who developed C-IRIS.

Our findings highlight the potential importance of plasma 
but not CSF cytokines to identify those at risk of C-IRIS in CD4+ 
T-cell–matched CM cases initiating ART. However, it should be 
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Figure 3. Univariate and multivariate analysis association of plasma interleukin (IL) 7 (A) and IL-5 (B) and cryptococcosis-associated immune reconstitution inflammatory 
syndrome (C-IRIS) occurrence over the time of study follow-up (168 days). Time to IRIS analysis was performed on all baseline samples comparing high and low biomarker 
concentrations using median as a cutoff. Hazard ratios (HRs) and confidence intervals (CIs) were computed in both univariate and multivariate Cox proportional hazard regres-
sion. The first C-IRIS event in these 27 patients occurred at a median of 28 days (interquartile range, 16.7–49.5 days) from time of antiretroviral therapy (ART) commencement.
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Figure 4. Cerebrospinal fluid cryptococcal culture clearance, one of the major factors previously associated with cryptococcosis-associated immune reconstitution inflam-
matory syndrome (C-IRIS), also associates with pre–antiretroviral therapy (ART) plasma interleukin (IL) 5 and IL-10 concentration levels. A, Plasma IL-5 (P = .0002) and IL-10 
(P = .0089) levels are associated with cryptococcal culture clearance (lumbar puncture [LP] cleared) pre-ART and remain significantly correlated after correcting for false 
discovery IL-5 (P = .0032) using Bonferroni-Holm. The dots show individual data points, the bar graphs show medians, with whiskers extended to interquartile range (IQR). 
B, Scores for principal component (PC) 1, which contributes 48.0% of variability in the dataset, associate with no clearance. Dot plots showing individual data points with 
median and IQR of PC scores shown as horizontal lines extended as whiskers. All P values were derived by the Mann-Whitney test.
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noted that in this cohort and in other studies, CSF vs peripheral 
blood immunological compartmentalization has been reported 
in C-IRIS [7, 18, 19]. Our data are consistent with a previous 
study that identified serum cytokines that were elevated pre-
ART in patients who subsequently developed C-IRIS, includ-
ing IL-4, IL-17, and TNF-α, also identified in the current study 
[12]. Additionally, we identified plasma levels of IL-5 and IL-7 
as strongly associated with C-IRIS. Contrasting results between 
studies may reflect cohort differences such as clinical progres-
sion stage, concomitant coinfections, or underlying immuno-
logical determinants that may also be a function of pathogen 
diversity as described previously [20, 21], and will require addi-
tional investigations. Other possibilities include differences in 
study design, case definition, and analytical approaches. Our 
study identified plasma IL-5 and IL-10 as independently asso-
ciated with persistently positive CSF cryptococcal cultures pre-
ART. If confirmed in other settings, these cytokines could serve 
as additional biomarkers of persistent cryptococcal growth, 
and could provide clues to the immunological mechanisms 
underlying clearance or nonclearance of cryptococci from the 

CSF following antifungal treatment. Remarkably, despite being 
highly elevated in the CSF compared to plasma, none of the 
cytokines or chemokines were associated with or were predic-
tive of C-IRIS in this cohort. These data suggest that in case 
of extensive CNS inflammation, as is the case in CM, there is 
generalized elevation of cytokines and chemokines to an extent 
that they lose predictive value for C-IRIS despite high CNS and 
systemic inflammation being one of the risk factors for IRIS and 
death [7, 12, 15].

Our data offer insights into the immunopathogenesis of 
C-IRIS. The association between plasma levels of IL-5 and IL-7 
and C-IRIS suggest that the condition is caused by systemic 
immune dysfunction as opposed to merely localized events 
in the CNS. Increased levels of IL-5 highlight the role of a Th2 
environment as a predisposing factor for C-IRIS compared to 
a Th1 environment which is known to be beneficial [7, 12, 15]. 
Th2 bias as a risk for C-IRIS is also suggested by the increased 
levels of other Th2 cytokines such as IL-13 and IL-10, with Th2 
cytokines also associated with nonclearance of cryptococci 
from CSF, the latter a previously described risk factor for C-IRIS 
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Figure 5. Significant decrease in all plasma cytokine and chemokine concentration levels (except for interleukin 6 [IL-6] and macrophage inflammatory protein 1β) but 
not cerebrospinal fluid (CSF) chemokine concentration levels from baseline to cryptococcosis-associated immune reconstitution inflammatory syndrome event. All plasma 
(A) and all CSF cytokine and chemokine (B) concentration levels. P values were derived by Wilcoxon signed-rank test. Significance levels were as follows: ***Remained 
significant after controlling for false discovery; **Retained a strong trend (P < .09) after controlling for false discovery; *Lost significance after controlling for false discovery. 
Bar graphs show means extended to interquartile range. C, High concentration levels (with cohort median as cutoff) of plasma IL-6 pre–antiretroviral therapy (ART) are asso-
ciated with increased risk of death. Time-to-death analysis was performed on all pre-ART samples comparing high and low analyte concentrations using median as a cutoff. 
Abbreviations: ART, antiretroviral therapy; CI, confidence interval; C-IRIS, cryptococcosis-associated immune reconstitution inflammatory syndrome; CSF, cerebrospinal fluid; 
G-CSF, granulocyte colony-stimulating factor; GM-CSF, granulocyte macrophage colony-stimulating factor; HR, hazard ratio; IFN, interferon; IL, interleukin; MCP, monocyte 
chemotactic protein; MIP, macrophage inflammatory protein; TNF, tumor necrosis factor.
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[3]. The origin of this preexisting Th2 environment that limits 
pathogen clearance pre-ART initiation remains undetermined, 
but concomitant coinfections cannot be ruled out [22]. The 
cytokine IL-7, here shown to be predictive of C-IRIS, is con-
sidered one of the major regulators of CD4+ T-cell homeosta-
sis by promoting T-cell survival, activation, and proliferation 
[23]. Previous studies have associated high plasma IL-7 levels 
with the immunopathogenesis of TB-IRIS and IRIS associ-
ated with other pathogens [24–26]. IL-7 may contribute to the 
rapid regeneration and proliferation of CD4+ T cells and prime 
CD4+ memory T cells for redistribution and reactivity to resid-
ual cryptococcal antigens in the CNS [8, 27–29]. However, in 
this study there were no differences in CD4+ T-cell recovery on 
ART according to IL-7 levels, suggesting perhaps an effect on a 
particular T-cell subset or on cell–cell interactions as has been 
previously suggested [8, 27–29]. In addition, given that IL-6 was 
the only cytokine not to decline in the plasma of C-IRIS patients 
after ART and high plasma IL-6 levels have been associated with 
other types of IRIS [16, 17], high plasma IL-7 levels might reflect 
deficiency and/or dysfunction of IL-7 receptor (IL-7R, CD127) 
caused by immune activation [30]. Our observation that IL-7 
was the only cytokine increased in blood relative to CSF pro-
vides support for this proposal. Our data also highlighted the 
need to investigate the underlying mechanisms of pre-ART lev-
els of IL-6 as a biomarker for adverse clinical outcomes in CM 
infection.

In conclusion, we show here that elevated inflammatory 
cytokines pre-ART are a risk factor for C-IRIS. In particu-
lar, when matched for CD4 T-cell counts, higher plasma IL-5 
and IL-7 levels were strongly associated with C-IRIS, and may 
require further validation. High IL-5 levels strongly suggest a 
generalized Th2 environment that is associated with impaired 
clearance of cryptococci before ART initiation and therefore 
predisposing to C-IRIS. High IL-7 levels as a risk factor for 
C-IRIS require further investigation of the IL-7/IL-7R signaling 
pathway dysfunction in T-cell responses to cryptococcal anti-
gens as an underlying factor in the immunopathogenesis of this 
condition.
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