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Abstract

Background: The pathogenesis of IRIS is poorly understood, but is hypothesized to be related to dysregulation of effector
and regulatory T cells. We compared plasma cytokine and chemokine profiles pre-ART and at event between patients with
unmasking or paradoxical TB IRIS and those with non-IRIS clinical events.
Methods: A prospective cohort study of 498 patients initiating ART at two clinics in Durban, South Africa. Patients were
screened for TB prior to ART and reviewed for 6 months. We identified four subgroups:

Group 1: No TB at baseline but subsequent unmasking TB IRIS (n=13);

Group 2: No TB at baseline, with subsequent non-IRIS clinical event (n= 12);

Group 3: TB at baseline on anti-TB treatment (ATT) who developed paradoxical TB IRIS (n=9);

Group 4: TB at baseline on ATT with subsequent non-IRIS clinical event (n= 12).
Groups 1 and 2, and groups 3 and 4, were matched on duration of ART at event, age, CD4 and VL. Baseline and event plasma
levels of 17 cytokines and chemokines were analyzed using Luminex assays (IL-1b, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-10, IL-
12(p70), IL-13, IFN-y, TNF-a, GM-CSF, IP-10, MIG, MIP-1a, MIP-13 and MCP-1). We conducted pair wise comparisons be-
tween median analyte levels in groups 1 vs. 2, 3 vs. 4, and 1&3 vs. 2.
Results: Overall, patients were 73% female, median age 35 years, CD4+ count 74 (IQR 29-125), duration of ATT pre-ART 12
weeks (IQR 8-18). Event samples were drawn at a median of 4 weeks of ART. Comparisons that yielded statistically signifi-
cant results are shown in the table. *Cytokines and chemokines in pg/mL; CRP in mg/L; **Adjusted for baseline CD4 and VL;

LLD=lower limit of detection.

IRIS group/s Control Analyte Median conc. Median conc. p-value
group (IQR) in cases * | (IQR) in controls *
w IFN-y 9.1 (4.4-24.7) 0.9 (LLD-8.7) 0.032
Q 1: Unmasking 2: No TB
@ CRP 25 (8-47) 6 (LLD-12) 0.046
= . i - - - Xk
(:g 1&3: Unmas_kmg 2 No TB IL-2 4.7 (1.8-11.4) 9.3 (4.6-25.7) 0.048
+ paradoxical
TNF-a 13.2 (9.1-20.0) 8.1(6.7-10.4) 0.030
1: Unmasking 2: No TB
CRP 56 (35-107) 6 (LLD-35) 0.007
g 1&3: Unmasking . No TB TNF-a 12.4 (9.0-25.3) 8.1(6.7-10.4) 0.037 **
3 + paradoxical ' CRP 48 (34-88) 6 (LLD-35) 0.007 **
IL-10 22.1 (15.3-34.9) | 82.2 (29.4-128.4) 0.047
3: Paradoxical |4: TB, no IRIS
MCP-1 27.6 (20.0-29.7) 71.4 (40.6-77.8) 0.005

Conclusions: Patients who developed unmasking TB IRIS had higher baseline levels of plasma IFN-y and CRP, consistent
with subclinical TB infection. No predictors of paradoxical TB IRIS were identified. Systemic inflammatory responses

(elevated TNF-a and CRP) were observed at event in unmasking and paradoxical IRIS.

Background

Tuberculosis-associated immune reconstitution inflammatory syndrome (TB IRIS or TB IRD) is an
important complication of ART, especially in resource-limited settings where the prevalence of TB/
HIV co-infection is high. TB IRIS is a clinical deterioration characterised by an inflammatory reac-

tion to mycobacterial antigens resulting from the immune recovery associated with ART, which can

present in two ways: Paradoxical IRIS, worsening of TB in patients receiving anti-tuberculosis ther-

apy (ATT) (incidence ~10-30% [1-3]); or Unmasking IRIS, a new clinical presentation of pre-

existing, subclinical TB (incidence ~5% [4,5]).

Immunological studies of TB IRIS have shown an increase in the number of interferon gamma (IFN-
v)-producing antigen-specific CD4+ T cells [6-8]. IRIS may result from an imbalance of regulatory
and effector T cell activity. Regulatory T (Treg) cells mediate their actions in part through inter-
leukin (IL)-10, which down-regulates killing of mycobacteria [9] and IFN-y production in response
to mycobacterial infection [10]. However two studies found no difference in numbers of Treg cells

between patients with and without IRIS [6,8].

Few studies have examined cytokine and chemokine responses in IRIS, and they have differed

widely in terms of pathogen and timing of samples:

. One study found increased IL-6 and CRP levels in 29 paradoxical Cryptococcal IRIS cases com-
pared to 36 IRIS-free controls [11].

. An earlier study reported higher levels of plasma IL-6 and soluble IL-6 receptor prior to ART,
during the first 6 months of ART, and after 2 years in 14 individuals with IRIS due to human
herpesviruses, HPV or MAC, compared to controls [12,13].

. Increases in plasma IL-6 (>20 pg/mL) and TNF-a during IRIS have also been described in case
reports of 3 patients with TB IRIS +/- Kaposi’s sarcoma IRIS [14,15].

. However, another study found no difference between paradoxical TB IRIS cases and controls in

terms of IL-2, IL-12 and IFN-y levels at serial time points [16].

Alm

Our objective was to better understand the mechanisms of TB-IRIS immunopathogenesis by com-

paring plasma cytokine and chemokine profiles pre-ART and during clinical events between indi-
viduals who developed TB IRIS and those with non-IRIS inflammatory events. Comparisons were

made for both paradoxical and unmasking presentations of TB IRIS.
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Methods
Study population

A prospective cohort study comprised 498 HIV-1-infected adults initiating ART in 2006/7 in two
outpatient clinics in Durban, South Africa. Patients were eligible if they had CD4+ count <200 cells/
uL or WHO stage 4 disease. Symptomatic patients were screened for TB by chest x-ray and/or spu-
tum examination; ATT was initiated (but not completed) prior to ART. Subjects were assessed at
Zero, 2, 4, 8, 12, 16, 20 and 24 weeks of ART using detailed questionnaires to prospectively capture
all non-trivial clinical events. Events were diagnosed and classified as IRIS or non-IRIS by consen-
sus expert opinion of 2-4 physicians. Plasma was stored at -70°C at ART initiation and on presenta-
tion with a new clinical event. Evaluation of CD4+ and CD8+ cell counts and of plasma C-reactive

protein (CRP) levels and HIV-1 viral load (VL) were also performed at baseline and during events.

Selection of cases, controls and study specimens (Figure 1)

Patients with suitable events and specimens were selected from the cohort and placed in 4 groups:

. Group 1: Unmasking TB IRIS (cases): Not known to have active TB at ART initiation, but
subsequently presented with TB due to IRIS.

. Group 2: Non-TB, non-IRIS (controls): Not known to have active TB at ART initiation, and
did not develop clinical TB or IRIS from other causes during follow-up.

. Group 3: Paradoxical TB IRIS (cases): Known TB on treatment at ART initiation, and sub-
sequently developed TB IRIS.

. Group 4: TB, no IRIS (controls): Known TB on treatment at ART initiation, but did not de-
velop TB IRIS or IRIS from other causes during follow-up.

Figure 1: Flowchart of selection of TB IRIS cases and controls for sub-study
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Follow-up samples from cases were taken at first clinical presentation with IRIS events. Follow-up
specimens from control subjects were taken during clinical presentations of non-IRIS infectious or
inflammatory events during ART and matched to specimens from cases according to the duration of
ART (£ 2 weeks). Group 1 was also matched to group 2 (no TB at baseline) and group 3 was matched
to group 4 (TB at baseline) on: baseline CD4+ count (+/- 50 cells); VL (+/- 0.5 logio); age (+/- 5

years). Subjects of different TB status at baseline were not matched.

Laboratory procedures

Plasma levels of thirteen cytokines/chemokines were measured using a high-sensitivity human cyto-
kine Lincoplex kit (Millipore): IL-1b, IL-2, IL-4, IL-5, IL.-6, IL-7, IL-8, IL-10, IL-12(p70), IL-13, IFN-
Y, granulocyte-macrophage colony stimulating factor (GM-CSF) and tumor necrosis factor (TNF)-a.
Six additional factors were measured by Bio-Plex cytokine assay (Bio-Rad): regulated upon activa-
tion, normal T-cell expressed and secreted (RANTES), IFN-y-induced protein 10 (IP-10), macro-
phage inflammatory protein (MIP)-1a, MIP-1[3, monocyte chemotactic protein (MCP)-1 and
monokine induced by interferon gamma (MIG). Each sample was assayed in duplicate and cytokine
standards supplied by the manufacturer were run on each plate. Data were acquired on a Luminex-
100 system and analyzed using Bio-Plex Manager software, v.4.1 (Bio-Rad). For concentrations that

were below the lower limit of detection (LLD), a value equal to half the LLD was inferred.

Statistical analysis

Wilcoxon’s rank-sum test was used to compare pre-ART and event analyte concentrations between:
. Unmasking TB IRIS cases (group 1) vs. non-TB, non-IRIS controls (group 2)

. Paradoxical TB IRIS cases (group 3) vs. TB-infected, non-IRIS controls (group 4)

Multiple linear regression was used to compare groups 1 & 3 combined vs. group 2 alone or groups 2

& 4 combined, adjusted for baseline CD4+ count and VL.

References: [1] Lawn SD, et al. AIDS 2007; 21:335-41. [2] Shelburne SA, et al. AIDS 2005; 19:399-406. [3] Manosuthi W, et al. J Infect 2006; 53:357-63. [4] Murdoch DM et al. AIDS 2008; 22:601-10. [5] Haddow LJ, et al. 16th CROI, Montreal 2009: Abstract P-186. [6] Bourgarit A, et al. AIDS 2006; 20:F1-7. [7]
Meintjes G, et al. Am J Respir Crit Care Med 2008. [8] Tan DBA, et al. HIV Med 2008; 9:307-16. [9] de la Barrera S, et al. Clin Exp Immunol 2004; 138:128-38. [10] Buza JJ et al. Infect Immun 2004; 72:2425-8. [11] Boulware DR, et al. 46th IDSA, Washington DC 2008. [12] Stone SF, et al. J Infect Dis 2001;

184:1073-7. [13] Stone SF, et al. HIV Med 2002;3:21-7. [14] Morlese JF, et al. AIDS 2003;17:1411-3. [15] Tamburini J, et al. AIDS 2007; 21:1980-3. [16] Van Tieu H, et al. 15th CROI, Boston 2008: Abstract 1008.

Results

Patient characteristics
116/498 (23%) of patients experienced 141 IRIS events, of which 34 (24%) were caused by TB:

. 0Of102 (20%) patients with known TB infection at baseline, 15 (15%) developed paradoxical TB
IRIS and 60 (60%) developed other clinical events.

. 0Of 396 (80%) patients without TB at baseline, 19 (5%) developed unmasking TB IRIS and 238
(60%) developed other clinical events

Baseline characteristics of the 4 study groups are shown in Table 1. There were no differences at

baseline between the subset of patients under study and the remainder of the cohort (n=452).

Table 1: Summary of patient characteristics.

No known TB infection at ART Known TB infection, on anti-TB
initiation treatment at ART initiation
Unmasking IRIS | Non-IRIS event | Paradoxical IRIS | Non-IRIS event
(Group 1) (Group 2) (Group 3) (Group 4)
N 13 12 9 12
Pre-ART CD4+ count, | g5 68_172) | 94 (49-146) 51 (25-71) 31 (17-103)

cells/uL (IQR)

Pre-ART CD8+ count,
cells/uL (IQR)

HIV-1 viral load, log10
copies/mL (IQR)

785 (534-1039) | 515 (395-888) | 617 (285-780) | 459 (304-735)

4.7 (4.4-5.4) | 4.9 (4.3-5.3) | 5.9 (5.3-6.1) | 5.2 (4.9-5.7)

Age, years (IQR) 34 (31-38) 36 (32-42) 33 (27-41) 35 (30-38)
Dlnsie: € Sympions, 10 (1-75) 19 (3-62) 10 (6-70) 9 (1-70)
days on ART (range)

Time of specimen, days _ _ _ i
B - 28 (14-91) 28 (13-69) 28 (14-76) 32 (14-77)
Duration of ATT prior to n/a n/a 71 (54-97) 101 (50-175)

ART, days (IQR)

ATT = anti-tuberculous therapy; IQR = inter-quartile range.

Clinical events in control subjects included diarrheal iliness (5), lower respiratory tract infection (4), exacer-
bation of asthma / airways disease (3), non-IRIS progression of TB (2), drug-related hepatitis (2), upper res-
piratory tract infection (2), erosive gastritis (1), bacterial meningitis (1), polyarthropathy (1), urticaria (1),
and self-limiting night sweats of unknown cause (1).

Baseline (pre-ART) cytokine levels in patients with
subsequent unmasking TB IRIS (Group 1 vs. 2) (Figure 2)

. Baseline IFN-y was higher in patients with subsequent unmasking IRIS compared to controls
(median 9.1 pg/mL [inter-quartile range (IQR) 4.4-24.7] vs. 0.9 [LLD-8.7], p=0.032)

. CRP was also higher in cases than controls (25 mg/L [8-47] vs. 6 [LLD-12], p=0.046)

. IL-2 and MIP-1p were lower than in controls, though this was not statistically significant (IL-2 =
3.7 [1.1-8.2] vs. 9.3 [4.6-25.7], p=0.082; MIP-1f = 45 [35-94] vs. 94 [78-113], p=0.092)

. No differences were found in pre-ART concentrations of IL-1b, IL-4, IL-5, IL-6, IL-7, IL-8, IL-10,
IL-13, TNF-a, GM-CSF, IP-10, MIG, MIP-1a, RANTES or MCP-1.

Figure 2: Baseline plasma concentrations of (a) IL-2, (b) IL-6, (¢) IFN-y and (d) CRP in
patients with subsequent unmasking TB IRIS compared to non-IRIS non-TB controls
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Cytokine profiles during unmasking TB IRIS (Group 1 vs. 2)

(Figure 3)

. Event TNF-a concentrations were higher during unmasking IRIS than control events (13.2 [9.1-
20.0] vs. 8.1[6.7-10.4], p=0.030)

. CRP was also higher during IRIS events (56 [35-107] vs. 6 [LLD-35], p=0.007)

. Event concentrations of IL-2, IL-5 and MIP-1a were lower during unmasking IRIS events (IL-2 =
4.3 [1.6-7.3] vs. 12.5 [6.2-21.8], p=0.097; IL-5 = 0.3 [0.2-0.6] vs. 1.4 [0.7-3.7], p=0.081; MIP-1a
= 7.0 [5.8-8.8] vs. 10.0 [7.2-11.6], p=0.082), but this was not statistically significant

. No differences were found in follow up concentrations of IL-1b, IL-4, IL-6, IL-7, IL-8, IL-10, IL-

12(p70), IL-13, IFN-y, GM-CSF, IP-10, MIG, MIP-13, RANTES or MCP-1.

Figure 3: Event plasma concentrations of (a) IL-2, (b) TNF-a, (¢) IFN-y and (d) CRP
during unmasking TB IRIS compared to non-IRIS non-TB controls
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Pre-ART cytokine levels in patients with paradoxical TB IRIS
(Group 3 vs. 4)

There were no statistically significant differences in any cytokine, chemokine or CRP, compared to

controls.

Cytokine profiles during paradoxical TB IRIS (Group 3 vs. 4)

(Figure 4)

. Event IL-10 concentrations were lower during paradoxical IRIS than control events (22.1 [15.3-
34.9] vs. 82.2 [29.4-128.4], p=0.047)

. MCP-1 was also lower during paradoxical IRIS (27.6 [20.0-29.7] vs. 71.4 [40.6-77.8], p=0.005)

. Event concentration of GM-CSF was lower (LLD [LLD-LLD] vs. 0.4 [LLD-0.8], p=0.090) and
CRP was higher (45 [28-74] vs. 21 [6-42], p=0.088) in paradoxical TB IRIS, though these find-
ings were not statistically significant.

. No differences were found in follow up concentrations of IL-1b, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8,
IL-13, IFN-y, IP-10, MIG, MIP-1a, RANTES or MIP-1f.

Figure 4: Event plasma concentrations of (a) IL-10, (b) GM-CSF, (¢c) MCP-1 and (d)
CRP during paradoxical TB IRIS compared to non-IRIS events in TB patients
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Combined paradoxical and unmasking TB IRIS (Groups 1&3
vs. 2&4) (Figure 5)

. IRIS patients had lower pre-ART concentrations of IL-2 (4.7 [1.8-11.4] vs. 8.6 [5.2-15.8], p=0.041
by regression analysis with adjustment for CD4 and VL) compared to controls (groups 2 & 4)

. Combined IRIS patients had higher CRP concentrations during clinical events (48 [34-88] vs. 15
[LLD-42], p=0.002 after adjustment for CD4 and VL)

. TNF-a concentration was elevated during unmasking (13.2 [9.1-20.0]) and paradoxical (11.7 [8.8
-27.7]) TB IRIS events, in comparison to TB-uninfected control events (8.1 [6.7-10.4]). Non-IRIS,
TB infected patients (group 4) had similar levels of TNF-a (13.7 [10.4-31.1]) to IRIS patients.

Figure 5: Plasma concentrations of (a) IL-2 at ART initiation and (b) CRP and (c¢) TNF-
a during clinical events on ART. P values refer to multiple regression with adjustment for base-
line CD4+ count and VL.
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Conclusions

. Priorto ART:

1. Circulating IFN-y and CRP levels were 10x and 4x higher respectively in individuals with sub-
sequent unmasking TB IRIS compared to non-IRIS, non-TB controls.

2. No differences were seen in cytokine, chemokine or CRP concentrations between patients
with subsequent paradoxical IRIS and TB-infected, non-IRIS controls.

3. Plasma IL-2 was lower (~12) in combined paradoxical and unmasking TB IRIS groups com-
pared to non-IRIS controls, regardless of pre-ART TB status. IL-2 plays a role in the differen-
tiation of inducible Treg cells and is required for Treg survival and functions, so the lower IL-2
levels in subjects developing TB IRIS may be associated with reduced Treg responses.

. During clinical events:

1. TNF-a and CRP levels were 1.5x and 3x higher in both paradoxical and unmasking TB-IRIS,
though higher TNF-a was also seen in non-IRIS events in TB-infected patients. An increase in
CRP has previously been reported in cryptococcal IRIS [11], and value of CRP as a diagnostic
criterion in case definitions of IRIS warrants further study.

2. In paradoxical (but not unmasking) TB IRIS, circulating IL-10 and MCP-1 levels were 4- and
2.5-fold lower respectively than in non-IRIS events. IL-10 is produced by monocytes and Treg
cells, and down-regulates many immune functions including Thi cytokines.

. No statistically significant differences in IL-6 levels were seen between groups, unlike previous

studies [11,13-16].

. This study measured concentrations of multiple cytokines and chemokines before ART and dur-
ing IRIS, compared to patients with time-matched non-IRIS infectious/inflammatory events.

Further studies may require increased sample sizes to allow for multiple comparisons, sampling

at serial time points, and correlation with antigen-specific cellular immune responses.
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