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Tuberculosis-immune
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syndrome in HIV: from
pathogenesis to prediction

Expert Rev. Clin. Immunol. Early online, 1-15 (2014)

Tuberculosis-immune reconstitution inflammatory syndrome (TB-IRIS) is an exaggerated,
dysregulated immune response against dead or viable antigens of Mycobacterium tuberculosis
that frequently occurs after initiation of antiretroviral therapy despite an effective suppression
of HIV viremia. Scientific advances in IRIS pathogenesis have led researchers and clinicians to
postulate risk factors that could possibly predict this syndrome, in an attempt to reduce the
incidence and the severity of IRIS, with appropriate anti-inflammatory therapy. This review is a
summary of the available literature on pathogenic mechanisms involved from the macro to
the micro level, the clinical spectrum, available predictors and the scope of these biomarkers
to function as specific therapeutic targets, that could effectively modulate or ameliorate this

syndrome in future.
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Tuberculosis (TB) is the commonest opportu-
nistic infection (OI) in HIV-infected patients,
causing the highest casualties worldwide [1]. An
interesting phenomenon that has emerged with
the early initiation of highly active antiretroviral
therapy (HAART), concomitantly with specific
treatment like ant-TB therapy (ATT) in coin-
fected patients, is called immune reconstitution
inflammatory syndrome (IRIS) [21. IRIS is the
paradoxical worsening of an existing lesion/
condition or unmasking of a previously quies-
cent lesion after HAART initiation. This dysre-
gulated augmentation of immune responses
occurs despite an adequate therapeutic response
to antiretroviral therapy, as evidenced by effec-
tive virological suppression [3-6]. Although IRIS
is associated with a number of infectious and
noninfectious conditions, TB-associated IRIS
(TB-IRIS) tops the list as the most frequent
cause of systemic IRIS among HIV-positive
patients starting HAART [5.6]. A similar phe-
of ‘paradoxical
reported in 2% of HIV-negative individuals
treated for tuberculomas of the brain and TB

nomenon reaction’ was

lymph nodes. [7.8]. Among HIV-positive indi-
viduals with active TB, TB-IRIS incidence
ranges from 8 to 43% [257.8)and could reach

up to 54% [4] depending on the epidemiologi-
cal setting.

IRIS also occurs after abrupt withdrawal of
anti-inflammatory drugs like cyclosporine,
TNF-o blockers, natalizumab and steroids in
HIV-negative patients with autoimmune dis-
eases, which implies that a common mecha-
nism exists. Restoration of pathogen-specific
immune responses, succeeding long-standing
immunesuppression, appears to be the cause
(9-11]. IRIS is usually self-limiting and man-
ageable with anti-inflammatory drugs, and
mortality is around 3% [2). However, neuro-
logical-IRIS, which constitutes 10-12% of
overall TRIS cases, carries a higher mortality
of 13% and requires aggressive steroid ther-
apy [12]. This review summarizes the various
scientific concepts in IRIS including clinical
spectrum, attributable risk factors, possible
predictors, available interventions and future
exploratory targets that could benefit a HIV
patient with uneventful immune recovery.

Types of TB-IRIS
TB-IRIS syndrome is of two types: ‘paradoxical’
and ‘unmasking’ IRIS. Paradoxical TB-IRIS

occurs after an initial improvement with
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pathogen-specific therapy (ATT), followed by an apparent
deterioration after HAART initiation [5]. At the time of IRIS
event, smear for acid-fast bacilli may be positive; however,
cultures are invariably negative. Nonviable organisms or resid-
ual antdgens trigger the reaction [9]. Occasionally, when IRIS
occurs within a short span of time after ATT initiation, the
specimen could still yield a positive culture, but with a lower
grade at IRIS tme point, compared with baseline. The sec-
ond type, the unmasking variety, is caused by viable Mycobac-
terium  tuberculosis (MTB) that could result
unmasking of an occult disease or failure to diagnose the dis-
ease prior to HAART inidation [1]. In this situation, the
immune response is unable to completely contain the infec-

from a real

tion. This can progress to overt disease and needs to be
addressed as if dealing with a new episode of TB [59].

Diagnostic criteria for recognition of IRIS

Criteria for IRIS diagnosis have evolved over the years to
especially suit resource-limited developing countries, where
the magnitude of this problem is greater. This obviated the
need for facilities and expertise, such as virological assays and
biomarker evaluation, which form the benchmark for IRIS
diagnosis. French er 4l (13) in 2004 defined IRIS as an atypi-
cal manifestation of an OI with a decline in viral load by at
least one log;y HIV RNA copies per ml as the major crite-
rion. Minor criteria included a rise in CD4 count, augmen-
tation of specific immune responses and spontaneous
resolution without specific antimicrobial therapy. The simpli-
fied definition by Shelburne ez al. included a reduction in
viral load, an increase in CD4 T cell count, with clinical
signs and symptoms not associated with the expected course
of OI after ruling out drug toxicity [3]. More recently, radio-
logical deterioration, assured compliance to therapy and a
positive tuberculin skin testing (TST) were added to the
existing criteria [14]. In 2008, The International Network for
the Study of HIV-associated IRIS (INSHI) published an offi-
cial consensus case definition to include both types of IRIS.
This eliminated the need for viral load estimation and bio-
logical marker evaluation, thereby facilitating decentralization
of the ART program [5]. At least one major and/or two
minor (INSHI) criteria are needed to fulfill to establish the
diagnosis of IRIS. The scientific justification by the INSHI
group for excluding viral load and CD4 estimation from the
diagnostic criteria was that plasma viral load would decrease
in all patients adhering to HAART, irrespective of IRIS
occurrence [s]. Increase in CD4 T cells usually follow a lag
period and this increase may not be apparent at the time of
IRIS [13.15].

Unmasking IRIS, as per INSHI guidelines, included ATT-
naive patients with active TB diagnosed after HAART initia-
tion due to a marked inflammatory component occurring
within 3 months of anti-HIV treatment. The time frame of
3 months was introduced as it coincided with the acute recov-
ery stage when proinflammatory responses would operate at the
zenith [5].

Incidence & clinical spectrum

Various cohort studies focusing specifically on TB-IRIS and
their characteristics are listed in Tasz 1. A common observation
is that the shorter the ATT-HAART interval, the greater is the
incidence and intensity of TB-IRIS. Symptoms and signs of
TB-IRIS differ with respect to the stage of the disease, site of
lesion and its dissemination [16,17]. Clinical manifestations vary
from localized lesions like isolated peripheral lymphadenopathy
and subcutaneous abscesses to severe forms like acute respira-
tory distress syndrome (ARDS) and viscus perforation, which
may end fatally [14]. Neurological-IRIS is particularly lethal,
manifesting as meningitis, space-occupying lesions, radiculo-
myelitis and spondylitis. Lesions may be muldple with
extensive perilesional edema [18]. Lymphadenopathy-causing
obstruction, osteomyelitis, subcutaneous abscesses and throm-
boembolic episodes have also been reported [19]. Serositis is not
infrequent [20). Abdominal manifestations include hepatospleno-
megaly, psoas abscesses, splenic microabscesses and rupture,
epididymo-orchitis, ureteral compression and acute renal fail-
ure [21]. Hypercalcemia has been reported, due to secretion of
1,25-dihydroxy cholecalciferol by activated macrophages, dur-
ing the IRIS episode [22].

A prospective study among HIV patients with culture-
confirmed rifampicin-sensitive newly diagnosed pulmonary TB,
started on ART (at a median interval of 20 days after ATT),
showed the IRIS occurrence to be 54% (26 of 48), occurring
in a median period of 10 days (interquartile range 7-16) [4). At
enrollment, extrapulmonary focus of TB in the form of periph-
eral and mediastinal lymphadenopathy was present in 57% of
the IRIS cases [4]. Fever with rigor or chills resembling malaria
was the commonest symptom followed by radiological deterio-
ration [4]. Sometimes, radiological worsening occurred without
clinical deterioration, called radiological or cryptic IRIS [417).
Lymph node enlargement, as a manifestation of IRIS, occurred
in 75% of cases with or without intrathoracic adenopathy
(20%). The median time to clinical resolution was 13 days
(interquartile range 9-23) [4].

Clinical risk factors for IRIS occurrence

Risk factors may be pathogen or host related or may be caused
by interplay of both (Feure 1). Risk factors consistently associated
with IRIS include low CD4 T cell counts at baseline [2523], low
BMI [24), presence of extrapulmonary TB [15], other Ols [15],
shorter ATT—ART interval [4] and substantial increase in
CD4 T cell count or rapid drop in viral load [45.152324]. Patients
with advanced stage of HIV constitute the most vulnerable
group for IRIS occurrence, as they need ART to be started con-
comitantly with ATT. Higher risk of IRIS occurrence has been
reported among patients initiating ART within the first
2 months of starting ATT [2526]. Haddow ez al [27] showed
the progressive decline in IRIS incidence to be 17% (95%
Cl: 6-26%), with a 43% reduction in mortality, for every
50 cell increase in nadir CD4. Our own experience has shown
the incidence of TB-IRIS in patients with baseline CD4 of <50,
50-99, 100-199 and >200 cells/mm’ to be 72, 63, 52 and
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20%, respectively [4]. The other predisposing factors include low
levels of hemoglobin, hematocrit and CD4/CD8 ratio [4:5.28-30).
Patients with immune restoration disease arising from mycobac-
terial infection rarely carried 1L6-174*C (36 vs 61-71%) and
never carried TNFA-308*2 (0 vs 23-52%), making genetic pre-
disposition a causal factor [31]. A boosted protease inhibitor regi-
men was also found to be an independent risk factor of IRIS
due to its potent viral suppression [15].

Optimal timing of ART initiation & IRIS

The interim results of the Starting ART at three-time points in
TB trial showed a clear advantage of initating ART within the
treatment period of TB, reducing mortality by 56% compared
with delaying ART till ATT completion [25]. However, compar-
ing patients who started ART within the first month of ATT
with those who started at the end of 2 months, a three-times
higher incidence of IRIS and a 90% higher incidence of toxicity
was found, without any additonal survival benefits [2532].
Patients with CD4 cell count <50 cells alone benefited by the
immediate initiation of ART, as evidenced by a one-third reduc-
tion in mortality [32). Havlir et al. [33] conducted a similar study
(ACTG 5221), but with a composite endpoint combining mor-
tality and AIDS-defining illness and found that the advantage of
early ART initiation within 2 weeks of starting ATT was evident
only in the group of patients with CD4 <50 cells/mm?. The
Cambodian Early versus Late Introduction of Antiretrovirals
study, with a median CD4 of 25 cells/mm’ among study sub-
jects, mirrored the same results as that of Havlir ez 2/ with a
greater reduction in mortality in the early ART initiaton
group [2633). The retrospective multicentric cohort of patients
with HIV infection in the Madrid South Eastern Metropolitan
Crown (COMESEM) study also demonstrated survival benefits
when ART was started within the intensive phase of ATT [34].
Among studies done on HIV-TB patients at the National Insti-
tute for Research in TB at Chennai, India, an overall mortality
of 14.7% was observed when ART was started at the end of
2 months compared with 8.3% when ART was initiated within
the intensive phase of ATT (p = 0.07). However, the incidence
of IRIS was 20% when ART was started at 2 months of ATT
compared with 38% when started within the intensive phase
(p = 0.01) 2035). The unified conclusion from various studies
conducted in different settings is that among patients with
CD4 <50 cells, immediate initiation of ART within 2 weeks is
beneficial in reducing mortality and other AIDS-defining ill-
nesses in this cohort. However, in patents with CD4 >50 cells,
cautious deferral of ART to the first few weeks of ATT helps in
reducing toxicity and IRIS, without compromising on survival
benefits. This formed the basis for WHO to recommend initia-
ton of ART between 2 and 8 weeks of ATT [3637). Starting
ART when the CD4 count is high may also serve as a preven-
tive strategy against IRIS.

Immunopathogenesis of IRIS
Pathogenesis of IRIS is multifactorial, involving a number of
interrelated immune mechanisms. With MTB being a chronic

infection, antigens of TB bacilli persist in tissues even after
effective ATT, inciting IRIS once immunity is restored [1].
In addition, treatment of TB itself can enhance immunity caus-
ing IRIS (3. TB-IRIS is associated with renewed vigor for
granuloma formation and suppuration due to intense inflam-
matory reaction caused by IRIS, along with TST conversion to
positivity [1,38].

What triggers IRIS (from retrovirus to cytokines)?
Rapidity of viral load decline

Earlier studies on IRIS concluded that a dramatic reduction in
viral load coupled with a rapid increase in circulating
CD4 lymphocytes after HAART triggered IRIS. The study by
Manabe et al. [15] showed that the risk of IRIS increased by
2.43-times (1.00-5.96; p = 0.05) when HIV-1 RNA declined
by 2.5 log;o copies/ml.

Increase in number of circulating lymphocytes after
HAART

CD4 T cells, the main target of HIV virus, get progressively
depleted by various cell-mediated mechanisms involving
macrophages, NK cells and CD8 T cells apart from apopto-
sis. In the phase of persistent HIV viremia, there is no
replenishment of CD4 T cells by either production or redis-
tribution. Chronic infections such as HIV and TB have a
direct negative impact on the bone marrow, limiting
CD4 recovery [39]. Even a modest reduction in viral load is
enough to regenerate T cell production and redistribu-
tion [40]. Interestingly, absolute increase in CD4 T cell was
not associated with increased risk of IRIS [15]. Hence, viral
load decline or CD4 increase alone may not be sufficient to
accurately predict IRIS occurrence [27]. Considerable varia-
tions exist in the rate of reconstitution of CD4 lymphocytes
upon HAART initiation. Severe CD4 T lymphocytopenia,
higher age and longer interval between HIV diagnosis and
treatment may lead to immunological discordance, with
continued low levels of CD4 T cells even after ART initia-
tion, despite effective virological suppression. These patients
are unlikely to develop IRIS, and prognosis is not that
satisfactory (39].

Role of T cell subsets

CD4* T cells

CD4 T cell reconstitution follows a bimodal pattern. There is
an initial redistribution of CD4+CD45RO+ cells. With an
effective suppression of HIV viremia, it takes a few months for
de novo synthesis of CD4+CD45RA+ cells expressing Ki67 that
contributes to a sustained rise [153941). The majority of para-
doxical IRIS, occurring within the first 3 months of ART initi-
ation, is due to the increase in CD45RO+ effector memory
cells. Redistribution of these cells augments antigen-specific
responses as they gain access to the site of infection and trigger
an inflammatory reaction [14]. Early data suggested that IRIS
occurs due to an increase in the number of activated

CD4 T cells, inducing an exaggerated Thl type of immune
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response. The functional restoration was much more important
for causing IRIS than mere increase in the number of
T cells [17.3842].

More recently, Antonelli ez al. [43] studied the relative
number of activated T cells, Tregs and exhausted cells and
their role in IRIS occurrence. In that study, the HIV-RNA
levels, CD4 and Treg numbers were similar in both the IRIS
and non-IRIS groups (patients who did not experience IRIS)
at all tdme points including at the time of IRIS event. Sub-
group analysis revealed that there was an isolate in
CD4 T effector memory cells in the IRIS group at IRIS
event compared with non-IRIS patients, but who possessed a
higher CD4. At the corresponding time point, it was the
naive CD4 T cells that predominated among the non-IRIS
group. These findings implied that the non-IRIS patients
reconstituted their naive T cell compartment earlier than the
IRIS group, whereas the IRIS patients retained a higher fre-
quency of effector memory CD4 T cells at IRIS event. Effec-
tor memory CD4 T cells displaying both replication and
activation markers were shown to be the hallmark of IRIS
syndrome [43). This signifies effective reconstitution and acti-
vation after ART that is retained for a longer period in IRIS
patients than non-IRIS patients. It is probable that the pro-
longed survival of these activated cells may be facilitated by
sustained antigenic persistence. The trend was reversed in
non-IRIS patients with more central memory CD4 T cells
than in IRIS patients at 6 months in the same study [43].
IRIS patients demonstrated a higher fraction of polyfunc-
tional IFN-y cells during IRIS episode and a large proportion
of T-effector cells [38].

Role of CD8* T cells

An absolute increase in CD8 memory cells was observed in
IRIS patients before ART initiation [43). Markers of active repli-
cation (CD38, Ki67 and HLADR) were higher at 6 months in
the IRIS group with a lower frequency of CD57-GrB-+express-
sing CD8 cells at baseline [43]. Antonelli ez al. also demon-
strated a higher frequency of CD8 central memory T cells
among non-IRIS patients, but at 6 months post-ART initia-
tion. Espinosa er al (44 found an overall increase in
CD8 T cells where a selective expansion to MTB antigens
occurred, just preceding IRIS. CD8 T cells (CD38+, HLA-DR+)
showed an expansion accompanied by slow decay in 12 weeks
coinciding with the onset of TB-IRIS. CD38+HLA-DR
+activated CD8" T cells are a marker of chronic HIV progres-
sion, and HAART is supposed to bring down the number of
cells. It is not clear whether the increase in the specific pheno-
type CD38+HLADR+ CD8" is the cause or the effect of
IRIS [43]. Mahnke ez al. [45] longitudinally studied the changes
occurring in CD4 and CD8 T cell population during ART
and subsequent IRIS (including TB-IRIS) and found that
there was an overall reconstitution of T cells during ART.
This was not confined to the IRIS group alone. However,
CD8 programmed death-1(PD-1+) cells were more frequent
in the IRIS group along with lower CD28" and CD127"

T cells. CD8 cells of the IRIS group demonstrated delayed
recovery of CD28 and CD127 expression, which could be the
result rather than the cause of IRIS. Increased expression of
costimulatory molecules like ICOS was observed. There was
also a simultaneous increase in CD152 (CTLA4) that func-
tions to inhibit T cell activation by counteracting the
CD28 signals, thereby terminating T cell responses. Lympho-
cyte activation gene-3 (LAG3) molecules were also more in
the IRIS group before ART initiation [4345].

Role of Treg

Tregs, a subset of CD4 T helper cells, constitute 5% of the
total population. They have been aptly described as ‘committed
suppressors’ of the immune system by Zaidi ez al. [10]. The nat-
ural Tregs expressing the transcription factor Fork head box
protein 3 (Foxp3) protein function by suppressing the secretion
of cytokines and proliferation of proinflammatory cells, main-
taining T cell homeostasis. HIV induces Tregs to move to
peripheral and mucosal-associated lymphoid tissue, which gets
reversed by ART. The earlier concepts were that depletion [46)
or delayed reconstitution of Treg-related regulatory mecha-
nisms [47] triggered IRIS. Montes et al. (48] found that Tregs
generally reconstitute like any other immune-related cell during
recovery. Interestingly, Tregs were found to increase at par
with CD4 T cells soon after ART initiation. More recently,
higher frequencies of Tregs coexpressing Ki67, HLA-DR and
PD-1 and PD-1 CD4 T cells expressing CTLA4, LAG3 or
ICOS before ART initiation have been described as a defence
mechanism, in anticipation of IRIS that may follow [43].
Meintjes ¢t al. [49] found no significant difference in Foxp3
expression between TB-IRIS and non-IRIS groups. The expres-
sions of activation factors such as CD71 (transferring factor)
and HLA-DR were also similar in both the groups. Zaidi ez al.
(10] found a slower decline in Tregs in the IRIS group com-
pared with non-IRIS group, persisting for 3 months post-ART
initiation. The trends were similar whether Tregs were defined
and labeled by Foxp3 alone or CD25 and Foxp3 together.
This study, which included 10% of HIV-2 infection, helped to
hypothesize that similar mechanisms operated in HIV-2 for
IRIS occurrence. Seddiki ez al. [50] added clarity to the role of
Tregs in TB-IRIS. The study found a higher T reg population
defined by CD127 lo CD25+Foxp3+ cells. This combination
of markers helped to differentiate true Treg from recently acti-
vated effector cells that also possess upregulated Foxp3. The
addition of Ki67 increased the specificity, which helped in con-
firming the source to be due to proliferation rather than altered
trafficking. However, 77 vitro studies by the same group found
Treg function to be defective even though numbers rise. Treg
isolated from TB-IRIS patients failed to decrease the cytokine
levels of IL-6, IFN-y and TNF-ot compared with Treg from
healthy controls in vitro, with higher levels of IL-7 strongly
inhibiting Treg-mediated suppression. To the contrary,
IL-10-induced ant-inflammatory responses were augmented
when Treg from healthy controls were used in crossover assays
in vitro [50].
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Role of inhibitory molecules on T cells

Chronic infection like HIV causes T cell exhaustion, due to
continued viral replication, leading to functional impairment.
Blockade of PD-1, a marker of functional exhaustion restores
HIV-specific T cell activity [s1). A study by Antonelli ez al. [43)
showed that PD-l+effector memory T cells were more fre-
quently present in patients with IRIS before HAART initiation,
irrespective of the underlying Ol. In addition, the authors dem-
onstrated the role of PDI expression in suppressing the func-
tion of T lymphocytes, by production of the anti-inflammatory
cytokine IL-10. After ART initiation, the process gets reversed,
leading to decreased levels of IL-10, triggering the inflamma-
tory cascade once again. In a follow-up study, Mahnke ez al.
(45] showed an elevated PD-I expression in both CD4 and
CD8 cells at baseline among IRIS cases (including TB-IRIS
cases) compared with non-IRIS cases. Higher proportions of
PD-1, along with other coexpressing inhibitory coreceptors like
LAG3 and CTLA4, suggest that T cells are hyperactive but
with functional impairment, which is reversed by HAART-
causing IRIS [43].

Role of NK cells in IRIS

NK cells are large granular lymphocytes, which play a vital role
in graft rejection and killing of malignant and pathogen-
infected cells, regulated by the cytokines IL-12, IL-15,
IL-18 and IFN-y [s21. NK activity (CD56" and or CD16) is a
prerequisite for restricting viral replication and preventing
CD#4 cell depletion [s3]. Pean er al. [s4] studied the association
of NK cells in TB-IRIS and found no significant difference in
NK cell subsets obtained from patients experiencing IRIS and
those who did not. However, a higher degranulation capacity
(expression of CD69" by NK cells) among IRIS patients, prior
to ART initiation, was observed (compared with non-IRIS
counterparts). However, at the time of IRIS, there was no dif-
ference in CDGY expression but lower levels of Nkp30,
Nkp46 and NkG 2D suggesting a lowered inhibitory pheno-
type at IRIS. T cells, under the influence of IFN-y produced
by NK cells, get activated in lymph nodes and preferentially
differentiate into Thl lineage. These activated T cells in turn
secrete 11-12, IL-15and Il-18 that sustains the NK cell activa-
tion, forming a positive feedback loop [54].

Proinflammatory mechanisms in the presence of antigenic

stimulus

IRIS can also occur upon reversal of dysfunctional
T lymphocytes, emphasizing the need for functional restora-
tion in addition to mere increase of numbers [s5]. Severe lym-
phocyte  depletion favored pathogenic  persistence and
dissemination. This leads to accumulation of antigens inciting
a dysregulated immune response upon immune restoration.
The antigens could be viable antigens (organisms) in the case
of unmasking IRIS or predominantly dead/shed antigens as in
paradoxical IRIS (9. The better understood costimulatory
pathway in T cell activation, involving the T cell surface core-
ceptor CD28, provides insight into the regulatory function of

the APC-T cell coreceptor in the presence of antigens. CD28
coreceptor binds to the costimulatory molecules B7-1 (CD80)
and B7-2 (CD86), expressed on activated APCs, only when
antigens prevail in abundance. In this scenario, it increases
B-7 binding to CD28 receptor followed by stimulation of
T cells. On the other hand, when there is a lower level of anti-
gens, CTL4 and PD-1 binding to B-7 are pronounced leading
to anergy. This serves as an autoregulation mechanism against
IRIS occurrence and also signifies the need for a minimum
threshold of antigenimia above which IRIS occurs. This was
confirmed by the Barber ez /. mouse model, where neither sit-
uation resulted in IRIS viz. when the cell was fully functional
with effective and timely antigenic clearance, and when the
dysfunctional T cells were loaded with viable or dead antigens
but unable to mount an inflammatory response [11].

Irrespective of the pathogen involved, Mahnke ez al. [45] sug-
gested an upgrading reaction, caused by pathogen-specific poly-
functional cells, targeting the specific pathogen inciting the
reaction. Cross-sectional analysis among TB-IRIS and non-IRIS
groups by Meintjes er al. [49] showed higher frequencies of
MTB antigen-specific IFN-y-secreting T cells that induced the
‘cytokine storm’ [38]. The increase in circulating CD4 T cells
secreting higher levels of IFN-y in response to MTB antigens
was also demonstrated by enzyme-linked immunospot assays or
whole-blood IFN-y release assays [4447). The Elliot er al. [47)
study similarly demonstrated increased levels of T cells reactive
to purified protein derivative (PPD) and higher levels of IFN-y
at IRIS event in a prospective cohort [47).

Restoration of TST reactivity (PPD reaction) in IRIS clearly
pointed to an augmented Thl response by multifunctional
CD4 effector memory cells and an amplification of a particular
subset of KIR-V3 2+ TCRYS T cells in IRIS patients, with a
rejunuvated activity of APCs (CD11c¢+CD123-myeloid DC)
compared with non-IRIS counterparts [42). Bourgarit er al. [38)
described it as a ‘cytokine storm’ unleashed by activated T cells
during TB-IRIS. Reversal of defects in circulating DC of both
myeloid and plasmacytoid origin also occurred after HAART
and ATT. The early response to TB is predominated by neu-
trophils and TCRYS T cells that produce IFN-y by MHC-I
ligand receptors of the NK family. TCRYS cells with KIR+
and NKR lectins like CD94/NKG2 were lower in IRIS
patients throughout compared with non-IRIS patients who
were specific for TB antigens [42].

Cytokines

During inflammation, these soluble mediators diffuse into
the blood stream by spillover from the site of disease. Ele-
vated cytokine production is directly related to the extent of
initial lesion and severity of IRIS [s¢]. Early data from two
studies have suggested that during IRIS, there is a shift of
balance in favor of Thl response, with the release of cyto-
kines like IL-2, 1L-12 and IFN-y, IL-6 and TNF-o over
Th2 type (3857]. Increased production of IL-18 by activated
macrophages and higher levels of CXCLI10 recruiting
activated T effector cells together with a deficiency of
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CCL2 promoted IRIS occurrence [s8]. In the prospective
study by Bourgarit er al. [38], it was found that irrespective
of differences in baseline levels of CD4, viral load, time of
ART or IFN-y specific to PPD antigen prior to ART, there
was a steep rise in the number of PPD-specific T cells pro-
ducing IFN-y (identified by enzyme linked immunospot)
during IRIS event, with a shift toward Thl response (with
higher levels of IL-2, IL-12, IP-10 and MIG), without a
corresponding increase in Th2 response. This was seen in
both stimulated and unstimulated cells. T cell activation
marker expression (HLA-DR) was also pronounced in
the IRIS group. Peaking of IFN-y production from
PPD-specific T cells was preserved as well as sustained pro-
spectively. In addition, the study showed that the response
was not observed with ESAT-6 antigen. They concluded
that an overwhelming Thl response over Th2 was responsi-
ble for TB granuloma formation and enlargement of foci
even in non-HIV individuals on ATT. This observation jus-
tified the use of anti-inflammatory therapy in controlling
IRIS [3842).

The study by Tadokera et al [56], on a cohort of con-
firmed HIV coinfected TB patients (ART naive at baseline),
showed higher IL-2, IL-15 and TNF-a transcriptome among
IRIS cases with IL-5 RNA being more in non-IRIS cases
than in unstimulated assays. When stimulated by H37Rv
strain of Mtb, there was an excessive secretion of RNA cod-
ing for IL-1b, IL-2, IL-5, IL-6, IL-10, IL-13, IL-15, IL-17A,
IFN-y, GM-CSF and TNF with IL-6, IL-13, IL-17A and
IFN-y, which remained significant after Bonferroni correction
for multiple comparisons. The tissue culture supernatant
nearly mirrored the same picture. Serum levels of IL-6, IL-8,
IL-10, IL-12p40, IFN-y and TNF-o. were higher in IRIS
group compared with controls, with TGF-B showing the
opposite trend. TNF-o and IL-6 levels reversed with steroid
therapy, but not IFN-y. Peculiarly, the Th2 cytokines
IL-5 and IL-13 were also increased. A similar mechanism of
‘cytokine release syndrome’ also operated in ARDS, graft-ver-
sus-host reaction and many systemic inflammatory response
syndromes including sepsis. This study extended its observa-
tions, to confirm the reversal of the increased levels of cyto-
kines after steroid administration, which coincided with
amelioration of IRIS symptoms (s6]. IL-17, an important
proinflammatory marker, was markedly increased at IRIS
event, mediated by a distinct longer living central memory
cell subset of the Thl7 system. IL-17 contributes to cold
abscess formation by augmenting neutrophil chemortaxis. Cir-
culating levels of IL-7 were found in all lymphopenic condi-
tions, and it usually normalizes with CD4 cell restitution.
IRIS patients had a higher level of IL-7 that persisted even
after normalization of CD4 by HAART compared with non-
IRIS counterparts. Tadokera ez al. [s6] demonstrated in wvitro
the consistent and markedly increased levels of TNF-q,
IFN-y and IL-6 in TB-IRIS patients. On the contrary,
Zaidi et al. [10] found no difference in Thl or Th2 cytokine
levels prior to ART initiation among IRIS and non-IRIS

groups. IL-6 has been implicated as an additional factor in
atherogenesis and hyperlipidemia in HIV [59]. Worsley ez al.
(60] showed an increase in IL-10, in addition to IL-6 and
IFN-y, among patients presenting with TB adenitis (as
an IRIS manifestation). They concluded that the increase in
IL-10 could be a compensatory response. Pulmonary TB-
IRIS patients had an increase in IL-5 and TNF-o. compared
with controls, even though the increase in IFN-y alone
assumed significance.

Role of tissue remodeling enzymes in IRIS

Activated matrix metalloproteinases (MMPs) are involved in
tissue remodeling, granuloma formation, repair as well as mod-
ulation of immune responses. Excessive MMP production has
been reported in malignancy, sarcoidosis, interstitial lung dis-
ease and pulmonary TB especially in cavity formation [61].
MMP gene expression and protein secretion in patients who
developed paradoxical TB-IRIS and similar non-IRIS control
patients were recently analyzed by Tadokera er al [62). The
study found that the transcripts coding for MMP-3,
MMP-7 and MMP-10 were increased in 77 vitro assays in IRIS
patients compared with non-IRIS individuals. The correspond-
ing levels of the proteins were higher in the supernatants of
patients who responded to steroid therapy. MMP-7 was more
consistently elevated compared with other MMPs at muldple
time points and levels decreased after steroid administration [62].
The association of TB-IRIS with a distinct pattern of MMP
gene, protein activation and modulation has been suggested
by Tadokera ez al as a novel therapeutic target for IRIS
management [62].

Unmasking TB & paradoxical TB-IRIS: do they represent
different entities?

Even though similarities exist between the two, important dif-
ferences do exist at the microlevel. The cause of paradoxical
IRIS is due to embedded or residual antigens that are usually
nonviable, whereas in the unmasking type, it is due to viable,
live pathogens capable of causing the disease if not
treated [1,9.63]. Data from the Haddow et al. [64] study showed
that the median time to onset of paradoxical TB IRIS was
15 days (7-21) compared with 21 days (7-52) in the unmask-
ing variety. Paradoxical IRIS can occur despite lymphopenia,
solely driven by changes in activated status of T cells, with
rapid decline in viral load being the most significant risk fac-
tor. Low CD4 and high viral load predicted paradoxical IRIS
but not unmasking IRIS. Presence of lymphadenopathy, low
hemoglobin and elevated CRP levels proved to be risk factors
for occurrence of unmasking IRIS. The study by Haddow
et al. [64] evaluated circulating biomarkers, but not peripheral
blood mononuclear cells, using appropriate controls for both
types of TB-IRIS. This study showed lower levels of monocyte
chemoattractant protein-1 or CCL2, IL-10 and higher levels of
CRP/IL-10 ratio in paradoxical IRIS compared with controls.
TNEF-0, CRP and CRP/IL-10 ratio were significantly higher
in the unmasking variety at IRIS. Oliver ez al. 58 performed
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a longitudinal analysis estimating the cytokines CCL2,
CXCL10 (IFN-y-inducible protein 10) and IL-18, produced
by the innate system, which played a crucial role in mounting
an immune response against MTB. At IRIS event, levels of
IL-18 in the unmasking type and IFN-y and CXCL10 in the
paradoxical TB-IRIS were higher. Correspondingly, CCL2 lev-
els were lower in both the IRIS groups compared with respec-
tive controls. No such difference was observed with CXCL9 or
CXCLS. IL-18, like IL-12, induces IFN-y production, which
results in macrophage activation, leading to sudden upsurge of
Th-1 responses. lanello er al. hypothesized that a deficiency of
the IL-18 antagonist namely IL-18-binding protein allowed
unabated action of IL-18, which resulted in IRIS [¢s]. The lev-
els of IL-18 were increased to a greater extent in unmasking
IRIS than paradoxical IRIS, due to a pronounced increase in
IFN-y response to region of difference-1 (RD-1) antigens
derived from live bacilli/viable antigens. CXCL10, which regu-
lated trafficking of effector cells, both NK and T cells, to sites
of treated infection, was increased in the paradoxical type com-
pared with the unmasking variety. CCL2, critical for monocyte
infiltration of affected sites like pleura, being lower prior to
ART initiation could result in stagnation of antigens. This led
to defective antigenic clearance, thereby predisposing to TB-
IRIS after ART [s8]. Patients who presented with unmasking
TB-IRIS had a more pronounced IFN-y release response to
RD-1 antigens (ESAT-6, TB7.7 and CFP-10) as well as to
PPD than those without unmasking IRIS, after correction for
pre-ART IEN-y levels, in the study by Elliot e al. [47]. The
above facts support the hypothesis that viable antigens are
involved in unmasking IRIS as RD-1 antigens can be released
from living bacilli only [47].

Predicting TB-IRIS

The morbidity and clinical dilemma imposed by IRIS occur-
rence demands studying this phenomenon in greater detail in
order to predict IRIS, thereby enabling prompt intervention
(Fieure 2). Mortality has been as high as 13% [18]. Needless to
say, in order for a risk factor to function as a reliable predictor,
it needs to be differentially expressed before ART or soon after
ART, but importantly before occurrence of IRIS. Preliminary
knowledge derived from retrospective cohorts and longitudinal
studies found advanced stage of the HIV disease, coupled with
presence of antigen dead or alive, to be the most potent clini-
cal predictor for IRIS. Accordingly, low CD4 count [133064],
low BMI 24}, low hemoglobin [30), high viral load [64], dissemi-
nated TB [45], extra pulmonary focus (7.1630] and negative
TST 30) pre-ART, proved to be useful and simple predictors
at baseline, with the only modifiable risk factor being ATT-
ART interval. Shorter ATT-ART interval coupled with shorter
duration of TB treatment at ART initiation is a credible pre-
dictor, which provides a conducive environment for IRIS
occurrence [4521]. The Michailides ez 4/ study, however, did
not show the above trend (66]. This makes thorough screening
and adequate treatment of OI before initiaton of HAART
mandatory in IRIS prevention [29]. Breton er al [16] found

baseline CD4% and increased ratio of CD4/CD8 to be inde-
pendent predictors of TB-IRIS. Absolute count of naive CD8+
cells was higher in TB-IRIS patients prior to ART who
remained significant till 39 weeks post-ART [44]. Urinary lip-
oarbinomannan is not only useful in diagnosis of disseminated
TB, but also in predicting IRIS [67. Use of boosted protease
inhibitors [15] was a predictor in one study, probably due to
potent reduction in viral load. However, IRIS is not related to
any specific ART regimen.

Probing into cellular and molecular levels for IRIS predic-
tion, the study by Pean er al. (54 showed higher levels of
NK cell degranulation (CD107a+), with increased expression
of CDG69 before ART initiation, to be a predictor of IRIS.
Mahnke et al. [45] study on IRIS (of all Ols) showed
increased frequencies of PD-1 cells of CD4+ and CD8+ ori-
gin before ART among IRIS cases. Antonelli e# al. [43] found
a higher frequency of exhausted Tregs (CD25+Foxp3
+CD127°4+PD-1+Ki67+) and CD4+ and CD8+ T cells that
coexpressed CTLA4, LAG3 and ICOS before ART initiation,
along with higher levels of IL-17. All the other cytokines and
coreceptors showed no difference to be selected as a predic-
tor. The study by Bourgarit er al. [42] found tuberculin-
specific polyfunctional effector T cells and an amplification
of KIR-V-82+ TCRYS cells T cells, which could be a poten-
tial predictor of TB-IRIS. Oliver ¢t al. (s8] found lower
CCL2 and higher levels of IL-18 and CXCL10, which could
successfully predict IRIS and the prediction capacity increased
on combining them with IFN-y responses to PPD and RD-1
antigen.

Pre-ART IFN-y responses to PPD and RD-1 were higher
among IRIS patients in the receiver operator curves modeled
with  pre-ART levels of CCL2, CXCLIO and IL-18.
Elliot ez al. found significantly higher IFN-y levels in response
to PPD and RD-1 antigens (after correction for pre-ART
CD4 counts) in the TB-IRIS group enabling prediction, con-
cordant with the TST response. The usefulness of IFN-y
release assays in predicting IRIS, especially unmasking IRIS,
was made possible by the longitudinal design of the study,
computing levels at multiple time points. Furthermore, they
were able to stratify the risk of IRIS based on the levels of
IFN-y production paralleling the skin response by TST. The
Haddow et al’s (64 study selected patients who had an
uneventful immune recovery (without TB or IRIS) as controls
instead of healthy individuals because the latter had a totally
different T cell homeostasis. They found no good predictor
in the paradoxical IRIS group, but CRP and IFN-y levels
were higher in the unmasking variety, which could serve as
possible predictors. When the combined observations in the
two IRIS groups were compared with the non-IRIS group
(after adjustment for CD4, high viral load, presence of TB),
lower IL-2 concentrations and higher CRP at baseline became
significant predictors of IRIS. Since the increase of IFN-y and
CRP were fourfold rise in unmasking IRIS, which closely par-
alleled the level of cytokines in an undiagnosed or subclinical
TB patient, differentiation of undiagnosed or subclinical
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Pathogen-related
biomarkers

High HIV viral load
TB disease: disseminated/extensive

Extrapulmonar site
Positive urine LAM screening

Multiple opportunistic infections

Prediction
of IRIS

Clinical management

Shorter time from TB diagnosis to ATT

Shorter time from ATT to ART initiation

Host factors

Genetic determinants
Genetic predisposition: HLA-B44
No expression of IL-6 174G SNP

Low expression of TNFA308*2 SNP

Low CD4 T-cell count
Low CD4/CDS8 ratio
Anemia (low Hb)

Low BMI
Negative TST

Candidate markers from
pathogenesis studies

Soluble markers:
IL-6, CRP, D-dimer
CCL2, IL-18 and CXCL10

Cellular markers:
PD1+T CD4/CD8 cells

Tregs PD1+Ki67+*
CD45RO/CD45RA ratio in T cells
KIR-TCRy? cells
IFN-y production to PPD and RD-1 antigens
NK cells CD107+, CD69*

Figure 2. Risk factors that reliably predict immune reconstitution inflammatory syndrome.
ART: Antiretroviral therapy; ATT: Anti-TB therapy; Hb: Hemaglobin; HLA: Human leukocyte antigen; IRIS: Immune reconstitution
inflammatory syndrome; LAM: Lipoarabinomannan; SNP: Single nucleotide polymorphism; TB: Tuberculosis; TST: Tuberculin skin test.

infection from unmasking IRIS still remains a herculean
task [29.64].

Our prospective TB-IRIS study done on a pure cohort of
HIV-positive ART-naive patients with culture-positive rifam-
picin-sensitive pulmonary TB found the sensitivity for IRIS
prediction to be 80% for IL-6 and 76% for CRP, which
increased to 92% when both factors were combined. All
other cytokines were similar at baseline between the IRIS
cases and others [4]. Porter ez al. [68] found D-Dimer, CRP
and IL-6 to be predictors of not only IRIS (including
TB-IRIS) but also mortality and disease progression. IRIS-B
occurred more often in patients carrying homozygous genes
at the TNF-o *308 loci and who did not carry IL-6-174*C.
HILA-B44 has been found to predispose to IRIS, but

considerable ethnic and regional variations exist in HLA
evaluation [31].

Current remedies for IRIS

Meticulous screening of Ols pre-ART and optimizing timing
of ART remains the best options for avoiding IRIS [529]. Anti-
inflammatory agents form the backbone of IRIS management,
ranging from nonsteroidal anti-inflammatory drugs like ibupro-
fen to parenteral steroids and thalidomide in refractory
cases [69.70]. Steroids are nonspecific inhibitors of inflammatory
response, quite effective in IRIS [71]. In our cohort, steroids
were required in 85% of the cases [4]. Meintjes ¢t al. demon-
strated the reduction in severity of IRIS after steroid adminis-
tration that correlated with the decrease in levels of cytokines
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like IL-6, CRP, IL-10, IL-12, IP-10 and TNF-o [71]. The fact
that corticosteroids ameliorate IRIS, partly by decreasing the
concentration of proinflammtory cytokines, could pave the way
for use of targeted anti-inflammatory therapy like tocilizumab,
an IL-6 blocker [72].

The increase in eicosanoids and leucotrienes during IRIS
could be blocked by antagonists like montelukast, but use in
IRIS is supported only by anecdotal reports [73). Statins are
known to reduce inflammatory cell recruitment partly by
reducing CXCL10 and modulation of IL-6 pathways [74].
CXCR3 antagonists, the main receptor for CXCL10, are also
being explored for IRIS prevention [75]. Effector T cells also
expressing CCR5 and CCR5 chemokine inhibitors like Mara-
viroc have been found to reduce inflammation possibly by
retarding migration of these cells to the site of inflammation
and peripheral tissues. There was a reduction in D-dimer levels
as well as CRP in the Maraviroc arm compared with efavirenz
arm in the study by Funderburg er al/ (76 However, the
CADIRIS trial, comparing Maraviroc versus placebo in a mul-
tiarm randomized controlled clinical trial done in South
Africa, failed to prove the beneficial effect of Maraviroc in
preventing IRIS (22.8% in Maraviroc vs 23.6% in placebo
arm, p = 0.66 ns) [77]. Certain novel mechanisms for blocking
IRIS appear promising (theoretical at present) but require
further scientific exploration. Anti-CD28 therapy (TGN1412)
could be an alternative, as in HINI treatment of ARDS,
but it causes an acute illness [78]. TNF-ot is an important
mediator of inflammation including fever. Blockade could
reverse the symptoms but can also promote relapse by interfer-
ing with MTB-specific immune responses. MMP-7 activity
and other MMPs may also represent therapeutic targets for
reducing severity of paradoxical TB-IRIS (62]. The use of these
immunomodulators, even if found to be effective, should be
restricted to severe forms like neurological and abdominal
IRIS [2.79].

Expert commentary

Our review summarizes the recent developments and current
scientific concepts regarding TB-IRIS and the role played by
the immunological cells and soluble markers, both individually
and in combination. Even though IRIS is associated with a
mortality of only 3%, its morbidity and potential clinical com-
plications mandate udtilization of tertiary care to a great extent.
A collaborative medical effort to manage IRIS involving experts
from various medical fields, incur a huge cost. This poses a
critical challenge in the path of decentralization of the ART
program, especially for HIV-TB coinfected patients with
advanced disease, which formed the most vulnerable population
to IRIS. The possibility of finding reliable biomarkers for pre-
diction or diagnosis is not far away especially in the light of
recent advances in immunological studies exploring many new
pathways and immune mediators responsible for IRIS occur-
rence. Once the knowledge about the role of these mediators is
well established, then drugs that selectively inhibit these inflam-
matory pathways would follow suit. These drugs, if found to

be effective in inhibiting/blocking specific inflammatory targets,
will help in efficiently preventing IRIS without the need for
use of broad-spectrum anti-inflammatory agents like steroids,
paving the way for an uneventful recovery of the immune sys-
tem. The prevention and successful management of IRIS
assume immense importance in the wake of preservation of

adherence to the lifelong therapy of ART.

Five-year view

Frontiers to be explored & conquered

IRIS is still a mystery with a partially unraveled mechanism of
occurrence. Foretelling the occurrence of IRIS is still far from
reality, due to pleiotropism of cytokines and effector cells,
which can be polyfunctional. Since cytokines are produced by
multiple cells, determining the cytokines that have lesser pleio-
tropism and redundancy could prove to be better targets for
therapeutic exploration. They could function as valid predictors
as well. Oxidative stress at the cellular level needs to be investi-
gated further. The role of Treg should be focused in depth to
support natural mechanisms against IRIS. Blockade of IFN-y
production by antagonists including IL-18-binding protein
could be a novel idea [65). IL-1RA and IL-6 antagonists are
promising candidates in IRIS management in the near future.
IL-10, a Th-2 cytokine, could be induced to counteract
Thl responses due to its and-inflammatory effect. Due to
the complexity of disease manifestation and pathogenic
mechanisms involved in IRIS, several challenges need to be
addressed in order to achieve a scenario in which IRIS can be
predicted with greater confidence and clinical management
optimized.
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Gopalan, Andrade & Swaminathan

Key issues

Early initiation of antiretroviral therapy (ART) with active Mycobacterium tuberculosis, a chronic infection with persisting antigens, sets
an ideal stage for immune reconstitution inflammatory syndrome (IRIS).

Dysregulated augmentation of immune responses after initiation of highly active ART (HAART) despite effective suppression of plasma
viremia could lead to clinical deterioration.

Restoration of pathogen-specific immune responses to either viable, active pathogens or residual antigens causes unmasking or
paradoxical IRIS that usually occurs within 3 months after HAART initiation.

Abrupt rise in CD4 T-cell count or rapid decline in viral load contributes to IRIS, but considerable variation exists in the reconstitution of
CD4 lymphocytes upon HAART initiation questioning their role as reliable predictors.

The abrupt rise in nonspecific mediators like IFN-y levels in response to purified protein derivative and region of difference-1 is much
more striking in unmasking than paradoxical IRIS.

Increase in activated CD4 T cells induces an explosive exaggerated Th1 type of cytokine response overriding Th2 response, culminating
in IRIS, justifying use of anti-inflammatory drugs.

Matrix metalloproteinases have been recently implicated in tuberculosis (TB)-IRIS.

Low CD4, low BMI, low hemoglobin, high viral load, disseminated TB, extra pulmonary foci and negative tuberculin skin testing pre-ART
are useful clinical predictors, with the only modifiable risk factor being time to ART initiation.

Our prospective TB-IRIS study in India, on a cohort of HIV-positive patients with culture-positive rifampicin-sensitive pulmonary TB, found
the combined predictive value of IL-6 and CRP to be 92% in paradoxical IRIS.

Specific molecular targets would be useful to precisely control the phenomenon without disturbing all the constituents of

restored immunity.

play in IRIS, which varies with the
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