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Abstract

Tuberculosis (TB) is the most common opportunistic infection that makes human immunodeficiency
virus (HIV) infection more complicated. TB-immune reconstitution inflammatory syndrome (TB-IRIS)
mainly refers to an excessive immune response among HIV-infected patients. In HIV-infected patients,
IRIS occurs after initiation of antiretroviral therapy (ART), irrespective of increased CD4 count and ef-
fective suppression of HIV viremia; IRIS may occur at any stage in the progression of immunodeficiency
and manifests with weakened immune system. IRIS is associated with various inflammatory processes
as the outcome of immunological reaction against a variety of opportunistic infections (OIs). Current-
ly, there is no reliable biological marker available for diagnosis of TB-IRIS. In accordance with current
clinical case definition, deterioration of clinical and radiological symptoms of pre-existing TB infection
in HIV patients is called “paradoxical TB-IRIS” The appearance of a previously undiagnosed or new TB
infection during ART treatment is called “unmasking TB-IRIS”. IRIS is a challenging complication for
researchers and medical practitioners, as the incidence of IRIS is between 3-40% in patients initiated on
ART. The variation in incidence probably reflects the differences in case definitions, patients’ population
studied, and individual resource-limited settings. The immune pathogenesis of IRIS is poorly under-
stood, and epidemiology partially defined. The complication for clinicians remains challenging in terms
of diagnosis and treatment as well as patients’ suffering, even though, the mortality is typically low.
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Introduction live and dead/latent TB [1]. It may occur in human immu-
nodeficiency virus (HIV)-infected or, more infrequently,

Tuberculosis (TB)-associated immune reconstitution in-  non-infected patients. However, among HIV-infected pa-
flammatory syndrome (IRIS) is a result of rapid re-establish-  tients after administration of antiretroviral therapy (ART),
ment of the excessive and atypical immune response against it leads to patient’s suppression of HIV replication and im-
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Figure 1. Immune mechanism during tuberculosis-immune reconstitution inflammatory syndrome in human immunodefi-

ciency virus

provement in CD4+ T-cell count, which shows restoration
of pathogen-specific immunity [2-4]. This immunological
development directly indicates the development of immu-
nity against pathogen or any opportunistic infections (Ols),
resulting in patients’ quality of life improvement and prolong
survival [3]. However, another group of infected patients ex-
periences different clinical challenges; their partially or dys-
regulated restored immunity during ART treatment creates
IRIS conditions. IRIS is a spectrum of deteriorated clinical
symptoms and immunological worsening against opportu-
nistic pathogens (Figure 1), and how immune cells get af-
fected during TB-IRIS [5]. The confirmation of the disease
relies primarily upon case definitions involving clinical and
laboratory criteria. There is no set definition, and no biologi-
cal tests are available for the diagnosis of this disease. In ac-
cordance with a current case definition, worsening of clinical
and radiological symptoms of pre-existing infections in HIV
patients is called “paradoxical IRIS”. The appearance of pre-
viously undiagnosed or new infection is called “unmasking
TB-IRIS” [6]. This review summarizes the available litera-
ture on case definitions, epidemiology, diagnosis, pathogenic
mechanisms, and possible immunological aspects of TB-IRIS.

Definitions of tuberculosis-associated
immune reconstitution inflammatory
syndrome

First ever case definition was published by French et al. [6].
In 2005, there was another case definition of IRIS proposed
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by Shelburne et al. [7]. These both case definitions are wide-
ly used, however, there is no such consensus case definition
available, which is particularly specified for opportunistic
infection. The only case definition for TB-associated IRIS
(TB-IRIS) was proposed by Colebunders et al. [8]. A team
of researchers, working in the area of HIV and HIV-TB co-
infection, organized a meeting in Kampala (Uganda), and
International Network to study HIV-associated IRIS (INSHI)
was established in 2006 to manage these kind of difficulties.
The aim of this meeting was to develop a consensus case defi-
nition for tuberculosis-associated IRIS. These case definitions
are appropriate to limited resource setting.

Case definition for diagnosis
of immune reconstitution
inflammatory syndrome

Since no gold standard definition for diagnosis of IRIS is
available, patients suffer clinical deterioration and numerous
immunological challenges. In the year 2004, French et al. and
in 2006, Robertson et al. proposed general case definitions for
IRIS [6, 8]. Diagnosis of IRIS requires two major criteria plus
two minor criteria to be fulfilled (Table 1). These proposed
general definitions supported clinicians in the diagnosis of dis-
ease in patients; however, a more specific definition to differen-
tiate between various forms of IRIS is required. HIV-infected
individuals have a greater risk of acquiring Mycobacterium tu-
berculosis infection and developing TB, thus, a higher proba-
bility of progression of HIV infection towards AIDS disease.
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Table 1. Evaluations of immune reconstitution inflammatory syndrome

Defined by

French et al., 2004

Robertson et al., 2006

Major criteria

« Localized disease

« Exaggerated inflammatory reaction

« Atypical inflammatory response in affected tissues

« Progression of organ dysfunction or enlargement
of pre-existing lesions after definite clinical

« Improvement with pathogen-specific therapy prior
to ART and exclusion of treatment toxicity and new
diagnoses

« Decrease in plasma HIV RNA level > 1 log10 copies/ml

« Worsening symptoms of inflammation/infection

« Temporal relationship with starting antiretroviral
treatment

« Symptoms not clarified by newly acquired
infection or disease, or the usual course of earlier
acquired disease

« > 11ogl10 decrease in plasma HIV load

« Increase in CD4+ cell count after ART
« Increase in an immune response specific to relevant

« Increase in CD4+ cell count of > 25 cells/ul
« Biopsy demonstrating well-formed granulomatous

Minor criteria pathogen

of ART

« Spontaneous resolution of disease with continuation

« Inflammation or unusually exuberant
inflammatory response

HIV — human immunodeficiency virus, TB-IRIS — tuberculosis-associated immune reconstitution inflammatory syndrome, VL — viral load, ART — antiretroviral therapy,

RNA - ribonucleic acid

Paradoxical and unmasking
tuberculosis-associated immune
reconstitution inflammatory
syndrome

It is important to distinguish between subclinical infec-
tions firstly appearing during ART and clinically evident
infections already existing at the initiation of treatment,
which often paradoxically become worse during therapy.
For a clinician, it is critical to understand that anything
is possible in case of IRIS, in which ART may seems to be
unsuccessful. Furthermore, patients typically have a good
prognosis [6, 7]. As a form of worsening during TB ther-
apy, paradoxical TB-IRIS often appears more severe, and
frequently includes multiple organ systems. Paradoxical
reactions are also far more common in the period after
ART instigation than in patients without HIV and patients
infected with HIV not on ART. In unmasking TB-IRIS pa-
tients, TB could be diagnosed before ART, but due to low
sensitivity of sputum smear and chest radiography in pa-
tients with progressive immunosuppression, the diagnosis
may be missed prior ART initiation. Instead, when ART is
initiated, patients may have subclinical TB that reactivate
latent TB, or TB reinfection may occur around the time
of ART initiation [9, 10]. Possibly, an increased clinical
surveillance of patients also plays a role. There is a scale
of clinical presentations among such TB cases during early
ART suggesting being prone to complex interactions be-
tween the infectious M. tuberculosis and immune recovery
(which inclines to result in TB becoming more clinically
evident). The dynamics of this interaction may result in
TB remaining subclinical, a characteristic clinical presen-
tation, or in inflated inflammatory presentation. Conse-
quences of ART-mediated immune restoration, mainly
occurring in the existence of high mycobacterial load:
the onset timing of TB symptoms may be considered,
there may be faster symptom onset, and it may result in

amplified inflammatory clinical manifestations causing un-
masking TB-IRIS.

Epidemiology

As demonstrated in Table 2, the reported incidence
of IRIS varies from 3-40% of patients initiated on ART. This
variation may be likely due to differences in case definitions,
patients’ population studied, and individual resource-lim-
ited settings [9-11]. In 2010, a meta-analysis was done by
Miiller et al., in which 13,103 patients were considered for
analysis from 54 cohort studies. It was observed that 1,685
patients developed IRIS [12]. Mycobacterium tuberculosis is
one of the most common opportunistic pathogens to cause
TB-associated IRIS [13-15]. Several studies proposed dif-
ferent percentages of IRIS incidents [12]. The first prospec-
tive study was performed by Narita et al. in 1998, to assess
the incidence of paradoxical responses in patients receiv-
ing ATT and subsequently initiated on ART. In their study,
33 of HIV/TB co-infected patients undergoing dual therapy
(ART and ATT treatment) and 12 (36%) patients developed
TB-IRIS [16].

Risk factors associated with
HIV-infected patients and

the development of tuberculosis-
associated immune reconstitution
inflammatory syndrome

The existence of opportunistic infection at the time
of ART initiation, poses a risk factor for the development
of IRIS. Before initiation of ART, disseminated infection
such as TB and cryptococcal disease has been shown to
be associated with an increased risk for development of
IRIS. Several studies reported that CD4+ cell count less
than 50 cells/ul and higher HIV plasma viral load before
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Table 2. Incidence of tuberculosis-associated immune reconstitution inflammatory syndrome in HIV patients in various case studies

S — ' S~ Incidence Media? age | Median §D4 Median ‘VL Median time
Study design of patients | at baseline | at baseline | to IRIS events
year of study | of TBRIS | ™ (vear) | (cells/mm?) | (loglo/m) | (days)
i at., Prospective | 1996-1997 2326/02 40 51 5.8 15
Dendet etat. Observational | 1996-1999 5/12/8) 37 69 NA NA
sg‘zt:” etal, Retrospective | 1996-2001 2463/;3 35 100 53 12
38%‘34" etal, Retrospective | 1997-2002 2345/5/’? 36 NA NA 11
gggfrasamy etal. | Retrospective | 2000-2003 1(1;,1434 29 123 NA 22
g"oao'“:s“thi etal, Retrospective | 2003-2004 2(;/112)7 36 36 5.63 32
;Z"(‘)’;‘ etal, Prospective | 2002-2005 18/3102)0 35 68 4.84 14
Umphonsathien etal: | getrospective | 2000-2009 1(2/ 51;? 40 41 6.5 70
\zl\loolr;)dria etal, Prospective 2007-2009 5(;/130/3)6 35 52 NA 14
g‘g;eand'a” etal, Prospective | 2009-2011 ff ﬁ/’j 36 93 5.9 11
;Zile; al, Prospective | 2009-2011 ?532/;3 32 82 18 13

initiation of ART were considered as greater risk factors
for developing IRIS [17-19]. On the other hand, a rap-
id increase in suboptimal CD4+ cell count at the time
of the initial month of ART treatment and early initiation
of ART after ATT treatment were associated with TB-
associated IRIS [15, 20]. There is modest agreement
among the number of studies on other risk factors for IRIS
and optimal treatment strategy. Limited data are available
on the optimal timing of initiation of ART and associat-
ed treatment of OIs. However, some studies showed that
the risk factor for developing IRIS increases if ART treat-
ment is initiated close to the time of OI [15, 20]. A study
by Price et al., in 2002, proposed that genetic predispo-
sition and certain genes were associated with increased
susceptibility to the development of IRIS in the presence
of TB and herpes infection [21]. Younger age and male
gender were inconsistently associated with IRIS [15, 22],
whereas the type of ART regimen and ethnicity did not
show to be risk factors for IRIS [10].

Impact of tuberculosis in HIV
infection

A TB infection increases HIV replication in infected pa-
tients, which is associated with an increase in viral load and
results in more rapid progression of HIV disease [23-25].
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Mycobacterium tuberculosis is a potent immune activator that
leads to a profound revolution in the cytokines and chemo-
kines complex, which further provides an optimal environ-
ment for viral replication. It also increases the risk of pro-
gression of HIV and conversion into AIDS and increases
the occurrence of other OIs [26]. The management of TB and
HIV co-infected patients is challenging because of medication
burden, increased level of adverse effect, drug-drug interac-
tion, etc. [27].

Impact of HIV on tuberculosis
infection

HIV disease is the greatest risk factor for acquiring
M. tuberculosis infection and developing TB [28]. HIV infec-
tion disturbs the cell-mediated immunity through depletion
of CD4+ T cells. This imbalance in the immunity leads to
an increase in the number of cases of primary TB and re-
activation of TB in HIV-infected patients [29]. Initially, in
HIV infection, CD4+ lymphocytes are decreasing, but viral
load associated with the risk of patient fatality increases. In
response, the defense mechanism increases CD8+ lympho-
cytes and play a key role in reducing HIV viremia. However,
the level of CD8+ lymphocyte count also decreases due to
a progression of HIV infection. On the other hand, the de-
velopment of TB during HIV infection is related to severe
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immune activation with the simultaneous release of pro-in-
flammatory cytokines such as interleukins (IL)-1f, IL-6, and
tumor necrosis factor (TNF)-a that promote HIV replica-
tion [24, 28, 30] (Figure 2).

Complexity and difficulties among
HIV and tuberculosis co-infection

TB/HIV co-infection creates huge changes in the natural
phenomenon and pathology of both diseases. Clinical symp-
toms of HIV and tuberculosis in co-infected patient corre-
spond with each other, causing another obstacle in the right
diagnosis of the disease. Features of HIV and TB are difficult
to distinguish, since both the diseases present with persistent
fever. Diagnostic and treatment of HIV-infected patient who
develops TB are complicated. Mechanism regarding the in-
teraction between HIV and TB has been completely elucidat-
ed. Thus, the proper timing of ART starting in HIV-TB co-in-
fected patients are particularly important to reduce morbidity
and mortality [31, 32]. On the other hand, both the diseases
are diagnosed with different diagnostic modalities. In both
cases, patients are treated with more than one drug combi-
nation, which results in poor drug adherence and increased
adverse drug reaction, with corresponding drug toxicity such
as drug-induced hepatotoxicity. Additionally, drug-drug in-
teraction and TB-IRIS with HAART contribute to treatment
difficulty and patients’ poor drug compliance [33].

Immunopathogenesis of immune
reconstitution inflammatory
syndrome

The immunopathogenesis of IRIS remains unclear. As
we look at IRIS, one of the most prominent features is that
the clinical appearance depends on the type of underlying
infection [34]. IRIS is a result of the impaired regulatory
mechanism and immune responses against a variety of an-
tigenic stimuli, and the time of ART initiation is a matter
of concern in HIV-TB co-infected patients [13]. It has been
suggested that the process is driven by antigenic stimulation,
in which a specific immune response and inflammatory re-
sponse are exaggerated by the production of pro-inflamma-
tory cytokines [35]. Many studies suggested that immune
replenishment following ART treatment is characterized by
a huge proliferation of memory CD4+ T cell types (CD4+
CD45R0+), which is likely due to peripheral lymphoid re-
deployment [36-38]. However, activated naive CD4+ T cells
do not recover after several months of ART treatment [39].
Furthermore, IFN-y and IL-2 concentration increases in
IRIS development [40]. Few studies support the abundance
of antigen-specific CD4+ T cells, peripheral blood mononu-
clear cells, and IFN-y response to M. tuberculosis antigens
after the initiation of ART, with the primed CD4+ T cells
being activated to recognize previous antigenic exposure.
This might account for the symptom of IRIS [41, 42], which
probably occurs due to the construction of post-ART im-
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Figure 2. Conceptual diagram to illustrate interactions be-
tween human immunodeficiency virus and Mycobacterium
tuberculosis

mune machinery arising from residual immune cells that
have previously encountered the antigen rather than newly
produced cells [40] (Figure 1).

Immune suppressive machinery
against unfavorable immune
responses

There are several known mechanisms produced by the
host to regulate immunological damage caused by excessive
inflammatory immune responses. T reg cells are supposed to
participate in regulating inflammatory responses by mediat-
ing key components such as IL-10. It directly or indirectly
facilitates the suppression of effector T cell responses. Addi-
tionally, T reg cells secrete IL-35 and transforming growth
factor (TGF)-B, which induces conventional CD4+ T cells
to further differentiate into T reg cells and promote T cell
tolerance [43]. The high turnover of FoxP3+ is beneficial, as
it may help in limiting the severity of tissue destruction as-
sociated with an inflammatory condition due to infection in
patients that may not progress to IRIS (Figure 2).

Cell surface molecules such as cytotoxic T lymphocyte-
associated protein-4 (CTLA-4) and CD28 are equally im-
portant in contributing towards T reg cell-mediated immune
suppression. In CD28-CTLA-4 pathway, CD28 is a key mole-
cule, which promotes T cell responses, while CTLA-4 is an es-
sential attenuator of antigenic T cell responses [44]. CTLA-4
suppresses dendritic cell (DC)-mediated T cell stimulation by
binding to CD80 and CD86, which leads to lower expression
of these co-stimulatory molecules on DC. CD80 molecules
are liable to interact with CTLA-4 for maintaining immune
tolerance. This inhibitory function is interrupted by the up
regulation of CD86 on DC cells, because of inflammatory
stimulation against pathogenic stimuli that leads to immune
activation [45, 46].
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Treatment

There is no standard treatment available for TB-IRIS.
Corticosteroids remain the only treatment available [47].
The patients who experiencing limp node, soft tissue or airway
TB-IRIS entail extended anti-tuberculosis therapy; how-
ever, no optimal time duration is available, as it depends on
case definition and individual resource settings. Most of the
TB-IRIS patients show clinical improvements within two
months of anti-tuberculosis therapy, but the range is wide,
from one month to seven months, depending on the severity
and site of the disease. Some of the patients had tissue abus-
es and pleural effusion, which may require aspiration. Many
studies reported adjunctive therapy such as corticosteroids and
non-steroidal anti-inflammatory drugs used against TB-IRIS.

Conclusion

Even though the exact cause of IRIS occurrence is ambig-
uous, the possible reason is a wide variation in clinical pre-
sentation and symptoms, but etiology and diagnosis remain
challenging. Early ART among HIV patients is the leading
approach to restore and recover their immune system, and
to prevent HIV-associated consequences as well as help in
limiting the leukocytes imbalance and dysfunctions. How-
ever, lower CD4 count and higher viral load are in some way
used as a current risk factors for the development of IRIS in
HIV patients. Future studies should focus on investigating
prognostic and diagnostic biological markers for the diag-
nosis of IRIS using advanced technologies and existing cur-
rent studies on T cells and B cells.
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