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Skewing of the CD4" T-Cell Pool Toward
Monofunctional Antigen-Specific Responses
in Patients With Immune Reconstitution
Inflammatory Syndrome in The Gambia
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Jayne S. Sutherland

Vaccinology Theme, Medical Research Council Unit, Fajara, The Gambia

Background. A common complication of starting antiretroviral therapy (ART) for human immunodeficiency
virus (HIV) is the development of immune reconstitution inflammatory syndrome (IRIS) in approximately 25% of
patients. Despite similarities with paradoxical reactions to tuberculosis and reversal reactions in leprosy, the exact
mechanisms, and therefore potential determinants, of IRIS are still unknown.

Methods. In this longitudinal cohort study, we analyzed 20 patients who developed IRIS following initiation of
ART and 16 patients who did not, matched for ART time point. Peripheral blood mononuclear cells were stimulated
overnight with a positive control antigen and 2 tuberculosis-specific antigens (purified protein derivative [PPD] and
ESAT-6/CFP10), followed by polychromatic flow cytometry for analysis of cytokine production from CD4" and
CD8" T cells.

Results. Responses to PPD were significantly higher in IRIS patients compared to controls during the IRIS time
point, but CD4" and CD8" T-cell responses to the positive control stimulation were significantly lower in IRIS pa-
tients at all time points. Furthermore, whereas control patients had rejuvenated polyfunctional T-cell responses by 3
months after ART, IRIS patients were strikingly monofunctional (generally interferon y alone), even up to 6 months
of ART in response to all stimulations.

Conclusions. Our findings suggest that the peripheral T-cell responses to the underlying pathogen are exagger-
ated in IRIS patients but that the overall quality of the peripheral T-cell pool is significantly reduced compared to
non-IRIS patients. Furthermore, these effects are apparent at least up to 3 months after cessation of IRIS.

Keywords. HIV; immune reconstitution inflammatory syndrome; tuberculosis; polyfunctional T cells; West
Africa.

Current estimates suggest that in lower- and middle- ment with about half of all people living with human

income countries, there has been a significant improve- immunodeficiency virus (HIV) having access to antire-
troviral therapy (ART) [1]. ART reduces the risk of tu-
berculosis in HIV type 1 (HIV-1)-infected patients by
70%-90% [2, 3] and was introduced in The Gambia in
2004. Currently the World Health Organization recom-

mends starting an ART regimen when the CD4 count
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drops below 350 cells/uL [1], but implementation of
these guidelines depends on diagnostic delays as well as
the availability and access to treatment. In sub-Saharan
Africa, CD4" T-cell counts <100 cells/uL are still com-
monly seen before ART is initiated, mainly due to late
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presentation at health facilities. It is anticipated that
ART will become more accessible for a greater percentage
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of people living with HIV in the future; however, this will
increase the incidence of ART-related diseases and complica-
tions. One such complication is immune reconstitution inflam-
matory syndrome (IRIS), in which an exacerbated immune
response to an opportunistic infection (OI) occurs following
the start of ART [4]. There are 2 broad categories of IRIS: para-
doxical and unmasking. Paradoxical IRIS is characterized by
clinical deterioration in symptoms from a previous OI that was
or is being treated [5]. Unmasking IRIS occurs when an under-
lying OI newly presents and causes an exacerbated immune re-
sponse following initiation of ART [5]. To date, 20 different
infective agents have been shown to cause IRIS [6]; most are
either (myco)bacterial (Mycobacterium tuberculosis, Mycobac-
terium avium-intracellulare, Mycobacterium leprae, and Barto-
nella henselae) or viral (hepatitis B and C, cytomegalovirus, and
herpes simplex virus). Tuberculosis IRIS is immune reconstitu-
tion caused by M. tuberculosis and is the second most common
form of IRIS (20%) worldwide but the number one cause in de-
veloping countries [7]. Unfortunately, diagnostic tests for the
causative pathogens tend to have lower sensitivity in IRIS, as
they are not necessarily replicating at the time they are recog-
nized by the reconstituting immune system. This further com-
plicates the distinction between IRIS and therapeutic failure of
treatment for HIV or an opportunistic infection. Consequently,
current diagnosis of IRIS requires extensive and complex evalu-
ations to rule out other potential causes, which causes delay in
instituting the appropriate patient management and treatment
regimens. The way forward is to have clear parameters for pre-
dicting or diagnosing IRIS, but these are lacking today despite
multiple studies performed in different countries.

Many studies have investigated cytokines and their role in
the development of IRIS with hypercytokinemia as a proposed
pathogenic mechanism [8]. The role of proinflammatory cyto-
kines (ie, interleukin 2 [IL-2], tumor necrosis factor alpha
[TNF-o, interferon gamma [IFN-y]) is central to this hypothe-
sis as well as decreased levels of regulatory cytokines (inter-
leukin 10, interleukin 4) [8]. A recent study in The Gambia
showed an increase in effector CD4" T cells but no difference
in regulatory T (Treg)—cell levels in IRIS compared to controls [9].
Treg cells are essential for maintaining the balance of the
immune response with the outcome determined by the ratio of
effector to Treg cells [10]; an elevated ratio results in increased
disease-associated pathology. Despite the requirement for pre-
dictors of IRIS development, studies in Thailand, South Africa,
and The Gambia looking at soluble mediators have seen no
difference between IRIS and controls at the pre-ART time point
[9, 11, 12]. Two recent studies have shown that presence of high
IEN-y and TNF-o in cerebrospinal fluid [13] or plasma [14]
could potentially predict development of IRIS, but these find-
ings require validation. Few studies have analyzed cellular pro-
duction of cytokines as a potential diagnostic indicator of IRIS.

One study has shown an increase in the proportion of activated
tuberculin-specific IFN-y"TNF-0."CD4" T cells in IRIS patients
compared to controls [15] at the IRIS time point. A more
recent study showed a distinct increase in polyfunctional (IFN-
Y IL-2"TNF-0a") CD4" (but not CD8") T cells to the causative
pathogen in IRIS patients at the time of IRIS, suggesting that
the development of IRIS is solely driven by dominant responses
to residual OI antigens [16].

In our previous work in non-IRIS patients [17] we saw a
rapid increase in polyfunctional CD4" T-cell responses to tu-
berculin protein (purified protein derivative [PPD]) at 3
months post-ART, which was not seen for other antigens (ie,
HIVg,). This suggests that, particularly in a tuberculosis-
endemic setting where the majority of patients are latently in-
fected with M. tuberculosis, rapid regeneration of the T-cell
compartment will reveal dominant responses to M. tuberculosis
antigens. To further investigate the mechanisms underlying de-
velopment of IRIS, we compared CD4" and CD8" immune
profiles in response to M. tuberculosis and general antigens
before, during, and after development of IRIS.

METHODS

Patient Recruitment and Sample Collection

Patients presenting at the Genito-urinary clinic at the Medical
Research Council Unit were clinically assessed by medical staff
for IRIS using the criteria set out by Haddow et al [18].
Samples were available from 36 ART-naive patients who were
recruited between 2005 and 2007, of whom 20 were from IRIS
cases and the remaining 16 were used as controls. All patients
had samples collected at baseline (prior to ART), during IRIS
(2-3 months on ART for controls), and at 6 months of ART
(approximately 3 months from IRIS cessation; labeled as post-
IRIS on figures). Clinically, the patients were treated sympto-
matically for their IRIS diagnosis, with targeted antibiotic
therapy in a minority of patients in whom a specific diagnosis
(unmasking IRIS) was made. None of the patients received ste-
roids. Ethical approval was obtained from The Gambia Govern-
ment/Medical Research Council joint ethics committee, and all
patients provided written informed consent.

Antigenic Stimulation

Cryopreserved peripheral blood mononuclear cells were used
in this study. After thawing, cells were stimulated overnight
with PPD (10 pg/mL; SSI, Denmark), ESAT-6/CFP-10 peptide
pool (EG; 2.5 ug/mL; Proimmune, UK), and anti-CD3/CD28
(positive control, 5 pg/mL each; Becton Dickinson [BD]).
Media alone was added to 1 tube as a negative (unstimulated)
control. Each tube was also costimulated with CD28/CD49d
(2 pg/mL each; BD). Stimulation was performed for 2 hours at
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37°C, with 5% CO, prior to addition of brefeldin A (10 pg/mL;
Sigma) and incubated for a further 16 hours.

Flow Cytometry Staining

Following antigenic stimulation, cells were stained with VIVID
live-dead reactive dye (Invitrogen) incubated for 30 minutes
and washed. Surface stain was then added (CD3 phycoerythrin
[PE]-Cy7 [eBioscience, UK], CD4 allophycocyanin [APC]-
Cy7 [eBioscience, UK], CD8 Pacific Blue [BD]) and incubated
for 15 minutes at 4°C. Following washing, 150 pL of cytofix/cy-
toperm (eBioscience, UK) was added and incubated at 4°C for
15 minutes followed by a 20-minute incubation with Perm2
buffer (BD). Following washing, anticytokine antibodies were
added to each tube (IFN-y APC, TNF-o. fluorescein isothiocya-
nate, and IL-2 PE; all from BD) and incubated at room temper-
ature (in the dark) for 30 minutes. A final wash step was
performed and cells were resuspended in 300 uL of wash buffer
prior to acquisition.

Flow Cytometry Acquisition and Analysis

Between 200 000 and 500 000 lymphocytes were acquired with
a CyAn ADP (Beckman Coulter) flow cytometer following
gating according to forward and side scatter plots. Flow cytom-
etry data were analyzed using FlowJo software, version 9.2
(Treestar, Ashland, Oregon). After gating on singlets and live
cells, CD3"CD4" and CD3"CD8" T cells were gated. The per-
centage of different combinations of IL-2", TNF-a.", and IFN-
y" cells following antigenic stimulation were calculated within
the total population of CD4" or CD8" T cells and background
subtracted. A threshold of 0.01% was used as described previ-
ously [19]; values below this were set to zero.

Statistical Analysis

Group medians and distributions were analyzed using a Mann-
Whitney U test or Kruskal-Wallis test followed by Dunn’s post-
test comparison. All analyses were performed with GraphPad
Prism software, version 5 (Software MacKiev). Analysis of poly-
functional T-cell responses and presentation of distributions
was performed using SPICE version 5.2 (downloaded from http:/
exon.niaid.nih.gov/spice) [20]. Comparison of distributions was
performed using the Wilcoxon rank-sum test and a partial per-
mutation test as described [20].

RESULTS

Patient Characteristics

Demographic characteristics of the patients are summarized in
Table 1. For the IRIS group, 75% were female with a median
age of 38 years (interquartile range [IQR], 33-42 years;
Table 1). Seventeen of the IRIS patients were infected with
HIV-1, 2 were infected with HIV type 2 (HIV-2), and 1 patient

Table 1. Patient Characteristics

Group IRIS Non-IRIS
No. 20 16
Male to female ratio, No. 5:15 3:13
Age, y 38 (33-42) 38 (27-47)
HIV-1 only, No. (%) 17 (85%) 16 (100%)
HIV-2 only, No. (%) 2 (10%) 0
HIV-1 and HIV-2 dual infection, 1(5%) 0

No. (%)
CD4 pre-ART, cells/ul 65 (20-130) 80 (20-145)
CD4 at IRIS, cells/ul 180 (105-308) 170 (120-240)

CD4 increase at 6 mo from
baseline, cells/uL

150 (120-330)* 100 (50-180)

Time to IRIS, d 21 (14-28) NA

IRIS duration, d 49 (30-87) NA

Viral load at baseline, logqg 5.9 (4.9-6.0) 5.5(5.1-5.9)
copies/mL

Viral load at IRIS, logo copies/mL 2(2-2.9) 2(2-2.3)

Data are expressed as median (interquartile range) unless otherwise specified.
Abbreviations: ART, antiretroviral therapy; HIV-1, human immunodeficiency
virus type 1; HIV-2, human immunodeficiency virus type 2; IRIS, immune
reconstitution inflammatory syndrome; NA, not applicable.

*P<.01.

was dually infected with HIV-1 and HIV-2 (Table 1). The
median age of the control group was 38 years (IQR, 27-47
years), 81% were female, and all were infected with HIV-1
(Table 1). Time to diagnosis of IRIS was 21 days (IQR, 14—
35 days) from initiation of ART with a median duration of 46
days (IQR, 31-85 days). Thus, the IRIS time point used
throughout the results was compared with a 3-month ART
time point for the controls. Viral load was significantly reduced
in both groups to a median of <100 copies/mL by 3 months of
ART (Table 1). The IRIS manifestations involved the lungs
(45%), skin/mucosal surfaces (45%), or lymph nodes (10%),
but pathogens were rarely identified. Eight IRIS patients had a
prior history of tuberculosis, but no information on tuberculo-
sis status was available for the controls. Supplementary Table 1
shows the clinical characteristics of the cohort (see also Table 2 [9]).
Analysis of the 8 IRIS patients with prior tuberculosis history
was compared to those without, and we saw no differences at any
time point; thus, all results are presented as grouped analyses.

Changes in Lymphocyte Subsets in IRIS and Control Patients
Following Initiation of ART

No difference in total white blood cells, the percentage of lym-
phocytes, the percentage of absolute levels of CD3" T cells, or
the percentage of absolute levels of CD8" T cells was seen in
IRIS compared to controls at any time point (Figures 1A-D).
No significant difference in CD4" T-cell counts was observed
between IRIS and control groups at any time point; however,
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Figure 1.

Analysis of total white blood cells, lymphocytes, and T-cell subset levels before and after antiretroviral therapy initiation in patients who devel-

oped immune reconstitution inflammatory syndrome (IRIS; closed circles) compared to non-IRIS controls (open circles). Data were analyzed using a Kruskal-
Wallis test followed by Dunn’s posttest comparison, and P values <.05 are shown. Abbreviations: ART, antiretroviral therapy; IRIS, immune reconstitution

inflammatory syndrome.

IRIS patients had a significantly higher rate of CD4" T-cell re-
covery post-ART compared to controls (P <.01; Table 1). IRIS
patients had a low CD4 nadir of 65 cells/uL (IQR, 20-130 cells/
uL) prior to ART, and this rapidly increased to 200 cells/uL
(IQR, 95-365 cells/uL) during IRIS (P <.001; Figure 1E). For
controls, pre-ART CD4 counts were comparable (80 cells/uL
[IQR, 20-145 cells/uL]) and rose to 170 cells/uL (IQR, 120-240
cells/uL) at the same time point post-ART (P < .05; Figure 1E).

Increased Specific but Not Generalized T-Cell Responses in IRIS
Patients

Following stimulation with the positive control, there were no
differences in the proportion of cytokine-positive CD4" T cells
between IRIS patients and controls at the pre-ART time point

(Figure 2). However, the proportion of both CD8'TFN-y" and
CD8"TNF-a" cells was significantly lower prior to ART in the
patients who later developed IRIS (P <.01 for both; Figure 2B
and 2F). At the IRIS time point, patients with IRIS retained
similar levels of CD4"IFN-y" and CD4"TNF-o." cells following
the positive control stimulation compared to controls
(Figure 2A and 2E). However, the proportion of CD4'IL-2"
was significantly lower in patients with IRIS compared to con-
trols (P <.01; Figure 2C). Furthermore, IRIS subjects had very
little response from CD8" T cells even at 6 months of ART
(post-IRIS), whereas the controls had significantly higher pro-
portions of CD8'TFN-y*, CD8'IL-2", and CD8"TNF-a." cells
at both 3 and 6 months of ART compared to the IRIS group
(Figure 2B, 2D, and 2F). Interestingly, the IRIS group did not
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Figure 2. Immune reconstitution inflammatory syndrome (IRIS) patients show reduced CD4* and CD8" responses to general antigenic stimulation. Cryo-
preserved peripheral blood mononuclear cells were stimulated overnight using anti-CD3/CD28. Cells were analyzed by flow cytometry for interferon v,
tumor necrosis factor o, and interleukin 2 expression within CD4* and CD8* T cells. Bar indicates median of 20 IRIS (closed circles) and 16 non-IRIS (open
circles) before, during, and after IRIS development. Data were analyzed using a Kruskal-Wallis test followed by Dunn’s posttest comparison, and P values
<.05 are shown. Abbreviations: ART, antiretroviral therapy; IFN, interferon; IL-2, interleukin 2; IRIS, immune reconstitution inflammatory syndrome; TNF,

tumor necrosis factor.

significantly increase overall cytokine production from CD4"
or CD8" T cells up to 6 months of ART following stimulation
with the positive control. Conversely, control patients had sig-
nificantly higher levels of CD4'IL-2" and CD4"TNF-a" cells
by 6 months post-ART compared to their pre-ART levels
(P < .05 for both; Figure 2C and 2E).

Analysis of responses to EC showed no differences between
IRIS and control patients before ART and at the IRIS time
point (both CD4" and CD8" T cells; all cytokines; Figure 3).
However, there was a significantly higher proportion of
CD4"TNF-o." cells at 6 months post-ART in control subjects
compared to the IRIS group (P <.05; Figure 3E). In patients
who developed IRIS, there were few changes in CD4" or CD8"
cytokine production following ART: the control patients

showed the majority of changes with a significant reduction in
both CD4'IFN-y" and CD4'IL-2" cells at 3 months of ART
compared to the pre-ART time point (P<.05 and P <.01, re-
spectively; Figure 3A and 3C). In addition, a significantly
higher level of CD8"TNF-o." cells was seen following EC stimu-
lation at 6 months post-ART compared to pre-ART for the
control patients only (P < .05; Figure 3F).

Despite the low level of overall cytokine production to the
positive control stimulation (and significantly reduced response
compared to controls), we saw a significantly higher proportion
of PPD-specific CD4" cells producing IFN-y in patients with
IRIS compared to controls following initiation of ART (P <.05;
Figure 4A). However, control patients had significantly higher
levels of IFN-y" and TNF-o." CD8" cells at the same time point
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Figure 3. T-cell cytokine responses to ESAT-6/CFP-10 stimulation are similar in immune reconstitution inflammatory syndrome (IRIS) compared to non-
IRIS subjects at all time points. Cryopreserved peripheral blood mononuclear cells were stimulated overnight using ESAT-6/CFP10 peptide pool. Cells were
analyzed by flow cytometry for interferon vy, tumor necrosis factor o, and interleukin 2 expression within CD4* and CD8* T cells. Bar indicates median of
20 IRIS (closed circles) and 16 non-IRIS (open circles) before, during, and after IRIS development. Data were analyzed using a Kruskal-Wallis test followed
by Dunn’s posttest comparison, and P values <.05 are shown. Abbreviations: ART, antiretroviral therapy; IFN, interferon; IL-2, interleukin 2; IRIS, immune

reconstitution inflammatory syndrome; TNF, tumor necrosis factor.

(P <.05 for both; Figure 4B and 4F). No significant differences
were seen at 6 months of ART between IRIS and control pa-
tients and no differences were observed within groups at any
time point for any cytokine.

Reduction in CD4* T-Cell Polyfunctionality in IRIS Compared to
Non-IRIS Patients

Analysis of the combinatorial profiles of cytokine-positive cells
was performed using SPICE software (Figure 5). Results are
based on only the cytokine-producing cells with analysis of any
one cytokine, any 2 cytokines, and all 3 cytokines to determine
differences in overall levels of polyfunctionality.

Prior to ART, control patients had significantly higher poly-
functional CD4" T-cell responses to the positive control stimu-
lation compared to patients who developed IRIS (P =.037;
Figure 5A). This trend was also seen at 3 and 6 months post-
ART (P =.021 and P =.020, respectively; Figure 5A). Following
PPD stimulation, control patients had significantly higher pro-
portions of polyfunctional T cells at 3 and 6 months post-ART
compared to IRIS patients, despite similar levels at baseline
(P=.027 and P <.001, respectively). Following EC stimulation,
no differences were observed pre-ART or at 3 months of ART,
but control patients had higher proportions of CD4" T cells
producing any 2 cytokines at 6 months post-ART compared to
IRIS patients (P=.001; Figure 5A). Differences within CD8"
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at the IRIS time point. Cryopreserved peripheral blood mononuclear cells were stimulated overnight using PPD. Cells were analyzed by flow cytometry for
interferon v, tumor necrosis factor a, and interleukin 2 expression within CD4* and CD8"* T cells. Bar indicates median of 20 IRIS (closed circles) and 16
non-IRIS (open circles) before, during, and after IRIS development. Data were analyzed using a Kruskal-Wallis test followed by Dunn’s posttest comparison,
and Pvalues <.05 are shown. Abbreviations: ART, antiretroviral therapy; IFN, interferon; IL-2, interleukin 2; IRIS, immune reconstitution inflammatory syn-

drome; TNF, tumor necrosis factor.

T-cell cytokine-producing cells were seen only at the 6-month
post-ART time point, with controls having significantly higher
proportions of polyfunctional cells following all 3 stimulations
compared to IRIS patients (P =.004, P=.0001, and P <.001, re-
spectively; data not shown).

Analysis of just the IRIS time point revealed further differ-
ences between IRIS and control groups (Figure 5B-D). Follow-
ing the positive control stimulation, the control group had
significantly higher levels of CD4" cells producing all 3 cyto-
kines (P <.001) and CD4" cells producing IL-2 and TNF-a to-
gether (P =.003; Figure 5B). Whereas fewer polyfunctional cells
were seen, IRIS patients had a significantly higher proportion

of CD4" T cells producing only IFN-y following the positive
control stimulation (P =.034; Figure 5B). Following PPD stim-
ulation, control patients had significantly higher proportions of
IFN-y"TNF-0" CD4" cells compared to IRIS patients (P =.037;
Figure 5C) but similar to the positive control, IRIS patients had
significantly higher levels of IFN-y"CD4" (single-positive) cells
(P =.004; Figure 5C). The only difference following EC stimu-
lation was, again, a significantly higher proportion of CD4"
cells producing only IFN-y in the IRIS group compared to con-
trols (P =.043; Figure 5D). The high proportion of IFN-y"CD4"
T cells was retained at 6 months post-ART in IRIS patients com-
pared to controls for all 3 stimulations (data not shown).
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Figure 5. Analysis of polyfunctional responses following «CD3/CD28, purified protein derivative (PPD), or ESAT-6/CFP10 peptide pool (EC) stimulation.
A, CD4* T cells were analyzed for different combinations of interferon (IFN) y, tumor necrosis factor (TNF) o, and interleukin 2 (IL-2). Blue indicates the
sole production of any one cytokine, green indicates any 2 cytokines produced, and red indicates all 3 cytokines are being produced. Pies were analyzed
using analysis of variance according to slice color, and Pvalues <.05 are shown. B-D, Analysis of the immune reconstitution inflammatory syndrome time
paint only following positive control (B), PPD (C), or EC (D) stimulation. Results are shown for all combinations of IFN-y, IL-2, and TNF-o in controls (blue)
and immune reconstitution inflammatory syndrome (red) patients. Data were analyzed using Wilcoxon rank-sum test, and Pvalues <.05 are shown. Abbre-
viations: ART, antiretroviral therapy; EC, ESAT-6/CFP10 peptide pool; IFN, interferon; IL-2, interleukin 2; IRIS, immune reconstitution inflammatory syn-

drome; PPD, purified protein derivative; TNF, tumor necrosis factor.

DISCUSSION

This is the first study in West Africa to delineate the cellular
source of cytokines following antigenic stimulation in HIV-
positive subjects who develop IRIS following ART initiation.
The most striking finding from this study was the suppressed
responses to positive control stimulation (mainly CD8" T cells)
even at 6 months of ART in IRIS patients (3 months following
IRIS resolution) compared to controls. Conversely, IRIS patients
had a significantly higher proportion of IFN-y-producing CD4"
T cells following PPD stimulation compared to controls during
IRIS, which decreased following IRIS resolution. Together with a
rapid increase in absolute levels of CD4" T cells, this suggests
that development of IRIS in The Gambia (a tuberculosis-

endemic setting) is associated with specific pathogen-related
T-cell responses from predominantly CD4" T cells, with a re-
duction in ability to respond to general stimulation.

In line with a previous study on the same cohort [9], we saw
few differences between subjects prior to ART initiation. How-
ever, we did see significantly lower production of TNF-o and
IFN-y from CD8" T cells following positive control stimulation in
subjects who developed IRIS compared to those who did not
prior to ART. Despite similar levels of absolute CD8" T-cell levels
at all time points of analysis, a decreased responsiveness from
CD8" T cells was seen up to 3 months after cessation of IRIS and
indicates a potential role for CD8" T cells in development of IRIS.

Despite attempts to characterize IRIS, a definitive diagno-
sis remains intangible. As seen in previous studies, the rate of
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increase in CD4" counts in the IRIS patients was significantly
higher than in controls and increased even further at 6 months
of ART (at least 3 months following cessation of IRIS). Associ-
ated with this increase in CD4" T cells, we saw a significant in-
crease in CD4"IFN-y" T-cell levels following stimulation with
PPD in IRIS compared to controls, despite a very low response
to the positive control stimulation. Our finding is similar to a
recent study in a non-tuberculosis endemic environment,
which shows a bias in response to the IRIS-associated antigen
at the IRIS time point [16]. However, in our study, the quality
of the immune response to all antigens was restricted in IRIS
patients: polyfunctional (IFN-y*IL-2"TNF-a.") T-cell responses
(both CD4" and CD8") were significantly lower in IRIS patients
at least up to 6 months of ART, whereas IRIS patients had sig-
nificantly higher levels of CD4"TFN-y" single-positive cells fol-
lowing all stimulations at the IRIS time point compared to
controls. These differences likely reflect differences in study
setting (ie, tuberculosis-endemic vs nonendemic), study group
(ie, defined IRIS vs all-cause IRIS), and analysis (grouped
antigen responses vs tuberculosis only).

The present study had a number of limitations. The majority
of patients had suffered from tuberculosis previously, but none
were taking tuberculosis therapy at the time of ART initiation.
More importantly, few patients who suffered IRIS received a
definitive diagnosis of the pathogen; thus, the IRIS group was
defined as all-cause IRIS [9] and will therefore dilute out re-
sponses seen for just tuberculosis IRIS subjects. Additionally,
data on the tuberculosis status of the control group were not
available, which raises the question whether differences were
associated with differences in tuberculosis sensitization.
However, there was no difference in response to ESAT-6/CFP-
10 between IRIS and controls. Responses to EC are not influ-
enced by BCG vaccination or environmental mycobacteria;
therefore, a similar response to this antigen for both groups
suggests a similar level of exposure. Another limitation was the
small cohort, making it difficult to perform a separate analysis
of paradoxical vs unmasking IRIS, which would be useful for
future diagnostic purposes.

It is not clear from this study how CD4" monofunctional re-
sponses and reduction in CD8" responsiveness, particularly to
our positive control stimulation, will affect the pathology at the
IRIS time point, but dominance of an IFN-y-only response
may contribute to the reduced level of T-cell responsiveness
after IRIS. For instance, homeostatic mechanisms would indi-
cate that increased IFN-y-only cells will reduce (proportionate-
ly) levels of IL-2" cells, which are essential for maintaining the
T-cell pool and controlling viremia in HIV-1 infection [21].
The dominant response in the IRIS subjects was a highly signif-
icant rebound of CD4" T cells, most of which produced only
IFN-y after stimulation. However, despite increases in this

subset at the IRIS time point, by the 6-month time point, IRIS
subjects had significantly lower levels of cytokine-producing
cells compared to controls, possibly due to immune exhaustion.
Although there were no differences in total CD8" cells at any
time point, we did see a significant reduction in the functional
capacity of the CD8" T-cell pool, which will also contribute to
the dysregulation of the CD4" response. However, larger
cohorts of more clearly defined IRIS patients are needed to
further understand the pathology of IRIS.

In summary, we have shown a slow recovery of general T-cell
responses (both CD4" and CD8") but specific increases in
monofunctional CD4 IFN-y" responses to tuberculosis anti-
gens during IRIS. These findings provide insight into the un-
derlying causes of IRIS and may be useful for identifying
patients at risk of developing IRIS.

Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases online
(http://cid.oxfordjournals.org/). Supplementary materials consist of data
provided by the author that are published to benefit the reader. The posted
materials are not copyedited. The contents of all supplementary data are the
sole responsibility of the authors. Questions or messages regarding errors
should be addressed to the author.

Notes

Acknowledgments. We thank all study participants, genitourinary
medicine and tuberculosis clinic staff, virology laboratory staff, tuberculosis
immunology laboratory staff, and the Gambian National Tuberculosis and
Leprosy Control program. We thank Dr. Irfan Zaidi for help in designing
the experiments and Professor Luc Kestens for critical review of the manu-
script.

Disclaimer. The funders had no role in study design, data collection
and analysis, decision to publish, or preparation of the manuscript.

Financial support. This work was funded by the Medical Research
Council.

Potential conflicts of interest  All authors: No reported conflicts.

All authors have submitted the ICMJE Form for Disclosure of Potential
Conflicts of Interest. Conflicts that the editors consider relevant to the
content of the manuscript have been disclosed.

References

1. World Health Organization. The strategic use of antiretrovirals to help
end the HIV epidemic. Geneva, Switzerland: WHO, 2012.

2. Girardi E, Antonucci G, Vanacore P, et al. Gruppo Italiano di Studio
Tubercolosi e AIDS (GISTA). Impact of combination antiretroviral
therapy on the risk of tuberculosis among persons with HIV infection.
AIDS 2000; 14:1985-91.

3. Badri M, Wilson D, Wood R. Effect of highly active antiretroviral
therapy on incidence of tuberculosis in South Africa: a cohort study.
Lancet 2002; 359:2059-64.

4. Shelburne SA, Visnegarwala F, Darcourt J, et al. Incidence and risk
factors for immune reconstitution inflammatory syndrome during
highly active antiretroviral therapy. AIDS 2005; 19:399-406.

5. Meintjes G, Lawn SD, Scano F, et al. International Network for the Study
of HIV-Associated IRIS. Tuberculosis-associated immune reconstitution

602 o CID 2013:57 (15 August) e HIV/AIDS

£102 ‘2T BnBny Uo ArIgITayL -aunIpa |y [eoido. ] Jo aImisu| e BI0'SeuINopioxo pio//:dny Wolj papeojumod


http://cid.oxfordjournals.org/lookup/suppl/doi:10.1093/cid/cit285/-/DC1
http://cid.oxfordjournals.org/
http://cid.oxfordjournals.org/
http://cid.oxfordjournals.org/
http://cid.oxfordjournals.org/

10.

11.

12.

13.

inflammatory syndrome: case definitions for use in resource-limited set-
tings. Lancet Infect Dis 2008; 8:516-23.

. Murdoch DM, Venter WD, Van Rie A, Feldman C. Immune reconsti-

tution inflammatory syndrome (IRIS): review of common infectious
manifestations and treatment options. AIDS Res Ther 2007; 4:9.

. Haddow L], Moosa MY, Mosam A, Moodley P, Parboosing R, Easter-

brook PJ. Incidence, clinical spectrum, risk factors and impact of HIV-
associated immune reconstitution inflammatory syndrome in South
Africa. PLoS One 2012; 7:¢40623.

. Tadokera R, Meintjes G, Skolimowska KH, et al. Hypercytokinaemia

accompanies HIV- tuberculosis immune reconstitution inflammatory
syndrome. Eur Respir ] 2011; 37:1248-59.

. Zaidi I, Peterson K, Jeffries D, et al. Immune reconstitution inflamma-

tory syndrome and the influence of T regulatory cells: a cohort study in
The Gambia. PLoS One 2012; 7:e39213.

Chen CY, Huang D, Yao §, et al. IL-2 simultaneously expands Foxp3+
T regulatory and T effector cells and confers resistance to severe tuber-
culosis (TB): implicative Treg-T effector cooperation in immunity to
TB. ] Immunol 2012; 188:4278-88.

Tieu HV, Ananworanich J, Avihingsanon A, et al. Immunologic
markers as predictors of tuberculosis-associated immune reconstitution
inflammatory syndrome in HIV and tuberculosis coinfected persons in
Thailand. AIDS Res Hum Retroviruses 2009; 25:1083-9.

Worsley CM, Suchard MS, Stevens WS, Van Rie A, Murdoch DM.
Multi-analyte profiling of ten cytokines in South African HIV-infected
patients with immune reconstitution inflammatory syndrome (IRIS).
AIDS Res Ther 2010; 7:36.

Marais S, Meintjes G, Pepper D], et al. Frequency, severity, and predic-
tion of tuberculous meningitis immune reconstitution inflammatory
syndrome. Clin Infect Dis 2013; 56:450-60.

14.

15.

16.

17.

18.

19.

20.

21.

Grant PM, Komarow L, Lederman MM, et al. Elevated interleukin 8 and
T-helper 1 and T- helper 17 cytokine levels prior to antiretroviral therapy
in participants who developed immune reconstitution inflammatory syn-
drome during ACTG A5164. ] Infect Dis 2012; 206:1715-23.

Bourgarit A, Carcelain G, Samri A, et al. PARADOX Study Group. Tu-
berculosis-associated immune restoration syndrome in HIV-1-infected
patients involves tuberculin-specific CD4 Th1 cells and KIR-negative
gammadelta T cells. ] Immunol 2009; 183:3915-23.

Mahnke YD, Greenwald JH, DerSimonian R, et al. Selective expansion
of polyfunctional pathogen-specific CD4(+) T cells in HIV-1-infected
patients with immune reconstitution inflammatory syndrome. Blood
2012; 119:3105-12.

Sutherland ]S, Young JM, Peterson KL, et al. Polyfunctional CD4(+)
and CD8(+) T cell responses to tuberculosis antigens in HIV-1-infected
patients before and after anti-retroviral treatment. ] Immunol 2010;
184:6537-44.

Haddow LJ, Easterbrook PJ, Mosam A, et al. Defining immune recon-
stitution inflammatory syndrome: evaluation of expert opinion versus 2
case definitions in a South African cohort. Clin Infect Dis 2009;
49:1424-32.

Beveridge NE, Price DA, Casazza JP, et al. Immunisation with BCG
and recombinant MVA85A induces long-lasting, polyfunctional Myco-
bacterium tuberculosis-specific CD4+ memory T lymphocyte popula-
tions. Eur ] Immunol 2007; 37:3089-100.

Roederer M, Nozzi JL, Nason MC. SPICE: Exploration and analysis of
post-cytometric complex multivariate datasets. Cytometry 2011;
79A:167-74.

Ferrando-Martinez S, Casazza JP, Leal M, et al. Differential Gag-specific
polyfunctional T cell maturation patterns in HIV-1 elite controllers.
] Virol 2012; 86:3667-74.

HIV/AIDS e CID 2013:57 (15 August) e 603

£102 ‘2T BnBny Uo ArIgITayL -aunIpa |y [eoido. ] Jo aImisu| e BI0'SeuINopioxo pio//:dny Wolj papeojumod


http://cid.oxfordjournals.org/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50333
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


