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ABSTRACT

Immune reconstitution inflammatory syndrome (IRIS), an overwhelming inflammatory response to antigens in patients
with rapidly recovering immune system is a life-threatening medical condition. Literature search for this topic was done
on Google Scholar Database using terms such as: immune reconstitution inflammatory syndrome, immune restoration
inflammatory syndrome, immune recovery syndrome OR immune restoration disease (#1) and HIV/AIDS (#2), TB
(#3) OR Cryptococcus (#4). Articles published in the last twenty years in human studies with infectious causes linked to
the developing IRIS were selected while those older than twenty years or which neither involve humans nor had non-
infectious causes were excluded. A total of 51 papers were therefore reviewed and findings showed that essentially,
viruses (HIV, JC, cytomegalovirus), fungi (Histoplasma species and Cryptococci), protozoans (Leishmania species)
and mycobacteria (M. tuberculosis, Mycobacterium leprae) are the pathogens which cause most forms of antigens-
specific IRIS. There was no common pathophysiological explanation for all forms of IRIS but the syndrome is largely
driven by cytokine production leading to an unbalanced immune reconstitution of effector and regulatory T cells in
patients undergoing rapid immune reconstitution. Understanding of possible risk factors for the development of IRIS as

well as its pathogenesis and presentation is key to its management and prevention.
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INTRODUCTION

mmune reconstitution inflammatory syndrome

transplantation."” and even by post-partum
immunological changes after pregnancy.’

(IRIS) is an overwhelming inflammatory
response to a viable, dormant, or nonviable antigen
in patients with rapidly recovering immune system.
The recovering immune status can be driven by the
introduction of ART in HIV patients, neutrophil
recovery after chemotherapy and/or stem cell
transplant, inadequate balancing of
immunosuppressive therapy after solid organ

IRIS has been known and described in literature for
man-y decades using various terminologies such as
immune restoration illness, immune reconstitution
syndrome, and immune recovery disease. However,
the term immune reconstitution inflammatory
syndrome is the most recognized and widely used,
probably because of how it reflects the characteristic
nature of the condition.
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The syndrome manifests in either of these two
patterns: 'unmasking IRIS' or 'paradoxical IRIS.”
However, before any of these assessment is made,
other factors such as the failure to treat opportunistic
infection, drug resistance or treatment failure due to
poor adherence to therapy must be excluded.

Table 1: Incidence of IRIS in different regions of the world

EPIDEMIOLOGY

The incidence of IRIS is difficult to measure given
the wide range of possible disease presentations,
local incidence of opportunistic infection and
variations in local diagnostic capacity." However,
IRIS has been reported by many investigators to
have an overall incidence of between 25%—-35% and

Country Over all incidence

IRIS -associated condition/opportunistic infection,

Citation

% proportion of total IRIS cases, %

USA 11
(paradoxical IRIS
only

KS, 57
TB, 19
PCP, 14

Achenbach et al. (2012)°

Disseminated Cryptococcosis, 5

MAL §

USA 10.6
(unmasking IRIS

only)

Candidiasis, 23
Folliculitis, 13.8
HSV, 12.4
Warts, 12.2
Tinea, 11.1
Mexico 27 VZV, 32
TB, 11
MAL 9
PCP, 6

Novak et al. (2012)7

Hoyo-Ulloa er al. (2011) 8

Cryptococcus neoformans , 5

India 35
TB, 29.4
PCP, 17.6
CMYV retinitis, 5.9
CM, 5.9
MAL 5.9

Tinea, 25
KS, 22.2
TB, 16.7

Mozambique 26.5

PCP/pneumonitis, 8.3

HSV, 8.3
South Africa 22.9 Folliculitis, 27.3
TB, 24.4
HSV, 9.4
VZV, 6.5
Warts, 7.2

Mucocutaneous (combined),

352
Kumar et al. (2012) 9

Letang et al. (2011) 1°

Haddow efal. (2012) 11

Key: CM= cryptococcal meningitis; CMV= Cytomegalovirus; HSV= herpes simplex virus; IRIS= immune reconstitution
inflammatory syndrome; KS= Kaposi's sarcoma; MAI= Mycobacterium avium-intracellulare; PCP= Pneumocystis
Jiroveciipneumonia; TB= tuberculosis; VZV= Varicella zoster virus

Risk Factors

Risk factors for IRIS can be classified into: Host-
related, Pathogen-related and Treatment-related risk
factors' which generally include the following:

1. HAART-naive patient— This allows for a
more intense inflammatory response to
develop.”

2. Severe immunocompromise at the
initiation of ART— very low CD4 counts

<50 cells per cubic millimetre."*"

3. Highpre-HAART HIV-1 RNA levels

4. Falling HIV-1 RNA levels in response to
HAART initiation, especially when this
fall occurs rapidly within 90 days of the
introduction of HAART and results in

significant level reductions.™"*"’

5. Rising CD4 counts after initiation of
HAART, especially later in the course of
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therapy after falling HIV-1 RNA levels have
resulted in an initial redistribution of
memory CD4 lymphocytes. " In general,
any rapid immune recovery can lead to
IRIS, driven by multifactorial factors such
as: patient response to drugs (ART,
antifungals, etc), host immune genetics, and
the microbial strain.

6. Opportunistic Infections (OIs) or the
patient been on treatment for OIs when
HAART is initiated, especially within a
month of the OI diagnosis, because the
increased antigenic burden evokes a more
robust inflammatory response. "

7. Resumption of HAART after an
interruption

8. Genetic factors that alter the clearance of
the pathogen (such as with herpesviruses or
mycobacteria) or enhance the immune
response to it via polymorphisms in

cytokine genes.'™"”

9. Solid organ transplantation:
Cryptococcosis, Cytomegalovirus disease,
and tuberculosis are the most common
infections associated with IRIS in solid
organ transplant recipients.”

10. Postpartum: Immediate postpartum period
(3 to 6 weeks) has an increased risk of IRIS,
most commonly with Cryptococcosis,
herpes virus infection, human
papillomavirus reactivation, leprosy,
tuberculosis, viral hepatitis, and a flare-up
of autoimmune conditions such as systemic
lupus erythematosus and rheumatoid

arthritis.”

11. Neutropenia: Patients with an absolute
neutrophil count (ANC) below 500 per
microliter are at increased risk of fungal and
viral opportunistic infections (Aspergillus

infections, CMV)”

Patients on TNF antagonists: use of TNF
antagonists can significantly impair the host
response against infections such as TB.
These TB infections can be latent while

12.

using TNF antagonists, but once these
medications are discontinued, there will be
a subsequent macrophage activation,
leading to IRIS associated with TB.”

CLASSIFICATION OFIRIS

The presentations of IRIS which define its clinical
forms involves the unmasking of covert infections
due to a viable pathogen or the worsening of overt
conditions due to a persistent antigen; but it can also
develop as progression of proliferative disease in
patients with cancers.”' Based on this, IRIS has been
classified into two forms: Paradoxical IRIS and
Unmasking IRIS

e Paradoxical IRIS also called the Delayed
type, is a worsening of clinical symptoms
as a result of immune response to persistent
antigens in a patient with previously treated
infection while

e Unmasking IRIS also called the
Simultaneous type is a flaring up of
clinical symptoms as a result of immune
response to a previously undiagnosed
/occult infection following rapid immune

. 152
restoration.

METHODOLOGY

Literature search for this topic was done on google
scholar database using the following terms: immune
reconstitution inflammatory syndrome OR immune
restoration inflammatory syndrome OR immune
recovery syndrome OR immune restoration disease
(#1) and HIV/AIDS (#2) OR TB (#3) OR
Cryptococcus (#4). These last disease entities were
added to the parent search terms because IRIS is also
seen in some autoimmune diseases and
malignancies, but we wanted to limit our study to
infectious causes only.

Selection criteria was based on articles that involve
clinical trials, meta-analyses, randomised controlled
trials and reviews of human studies published in the
last twenty years. Studies which were older than
twenty years or which did not involve humans were
excluded.

In this review, we summarized current knowledge on
the immunopathogenesis of IRIS as well as risk
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factors with clinical / biological manifestations and
diagnostic approaches from 51 articles in order to
bring together expert knowledge on the subject
besides highlighting more research priorities.
AETIOLOGY
The aetiology of IRIS can be broadly classified into 2
1. Infectious causes
2. Non-infectious causes

Table 2: aetiological factors for IRIS
A. Infectious causes™

1. Mycobacteria : 2. Viruses :

HIV
Herpes simplex virus
Herpes zoster virus

Mycobacterium tuberculosis
Mycobacterium avium  complex
Mycobacterium leprae

Bacille -Calmette -Guerin Cytomegalovirus

JC virus
3. Fungal infections : HIV encephalitis
Cryptococcus  species Hepatitis B and C virus

Parvovirus B19
Molluscum contagiosum

Pneumocystis jiroveci
Histoplasma  species

Candida 5. Bacteria :
4. Protozoa : Bartonella
Toxoplasma 6. Helminth :

Microsporidia Schistosoma

Leishmania Strongyloides

Cryptosporidia

B. Non-infectious causes

1. Autoimmune diseases 2. Inflammatory conditions

Systemic lupus erythematosus (SLE) ~ Sarcoidosis

Lupus -like disease
Thyroid disease
Rheumatoid arthritis
Guillain -Barre syndrome
Reiter’s syndrome
Polymyositis

Lymphoid interstitial pneumonitis
Folliculitis

1. Malignancies:
Kaposi’s sarcoma
Lymphoma

IMMUNOPATHOGENESIS

Finding a common pathophysiological explanation
for all forms of IRIS is a bit challenging because of
the diverse aetiological factors and immunological
mechanisms involved as well as their clinical
presentations.’’ Though the immune
pathophysiology of IRIS appears to vary as stated,
the syndrome is largely due to an unbalanced
immune reconstitution of effector and regulatory T
cells in patients undergoing rapid immune
reconstitution.”””* Understanding of these

mechanisms is important for the development of
immunomodulatory pharmacological interventions
for treatment and prevention of the condition.

Common factors known to influence
immunosuppression in the host include HIV
infection, pregnancy, and chemotherapy amongst
others.” HIV appears to drive the depletion of all Th
cell subsets by depleting the total pool of CD4+ T-
cells including ThO cells. This way, HIV induces
preferential death of Thl cells as well as the
preferential differentiation of the remaining ThO
cells into Th2 cells through a critical change in
cytokine balance thereby favouring an anti-
inflammatory state.””* However, 4-6 weeks
following introduction of ART, the production of
naive CD4+ T-cells and memory T-cells occurs, a
condition that is known to coincide with the mean
onset of paradoxical IRIS.**™”

During pregnancy, mechanisms of foetal tolerance
lead to downregulation of the Th1/Th17 axis. For
example, pregnancy hormones inhibit the
differentiation of naive ThO cells into Th1 cells, thus
promoting a Th2 state that is anti-inflammatory in
nature.”””' However, a shift in cytokine pattern is
observed during the post-partum period that may be
associated with pathological inflammatory
syndrome and has been documented 3—6 weeks after
delivery.™"”

It has also been observed that following solid organ
transplantation, graft survival relies on the inhibition
of allo-reactive Th1/Th17 responses by
immunosuppressive drugs through different
mechanisms. Calcineurin inhibitors such as
tacrolimus strongly suppress the Th1 response while
rapamycin promotes Treg survival and function and
suppresses the differentiation of Th17 cells.
Corticosteroids on the other hand decrease Thl
responses but also expand Th2 cells and Tregs.’ Post-
transplant IRIS is subsequent to a decrease in
immunosuppression due to drug—drug interactions
or an intentional modification in drug dosage in the
context of an ongoing infection, therefore increasing
Th1/Th17 responses.”

In general, following immune recovery after a state
of immunosuppression, precursor T helper cells
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(ThO) differentiate into Th1, Th17 or Th2 cells and
Tregs depending on the cytokines produced in the
surrounding environment through induction of
specific transcription factor expression such as:
FOXP3/STAT-5, GATA-3/STAT-6, T-bet/STAT-4,
and rROR-t/STAT-3 for Treg, Th2, Thl, and Thl17,
respectively.™” The differentiated Thl and Th17
cells been pro-inflammatory cells produce IFN
which drive macrophage differentiation into M1
macrophages. M1 macrophages activation favours
the secretion of large amounts of pro-inflammatory
cytokines, such as IL-1, TNF, IL-12, IL-18, and IL-
23, which in turn drive Th1/Th17 cell inflammatory
response.”® This promotes granuloma formation and
subsequently produce more IFN, thus creating an
amplification loop leading to an inflammation
burst.” An inadequate balance between pro-
inflammatory Th1/Th17 response and anti-
inflammatory Th2/Treg axes is commonly admitted
to be the origin of IRIS.”

Histologic examinations of tissues or organs with
inflammatory cell infiltrates by various studies have
demonstrated that CD8+ T cells predominate in IRIS
provoked by viruses such as JC virus, HIV and
cytomegalovirus’™** while granulomatous
inflammation usually predominates in IRIS
provoked by fungi such as Histoplasma species and
Cryptococci; protozoans such as Leishmania species
and by mycobacteria such as M. tuberculosis,
Mycobacterium leprae and nontuberculous
mycobacteria.”* Granulomas may display very
distinct features, may be activated or latent, and their
cell-type composition may vary according to the
situation and pathogen.”” Furthermore,
mycobacterial IRIS may also present with
suppuration of lymph nodes or other affected organs.
Though the immunopathology in such cases is still
unclear at the moment, it is postulated that the tissue
suppuration is a reflection of Th17 response against
mycobacterial antigens, because Th17 responses
induce inflammation that is often mediated by
neutrophils.”"“*

Possible
mechanisms:

Risk factors:

Low CD4 count
Uncoupling of innate

Disseminated Ol and acquired immunity

Restoration of
exuberant
pathogen-specific
cellular immune
responses

Paucity of
inflammatory
response to Ol
(in CM)

Acquired

/:/ ierune
responses

Short duration or
suboptimal Ol
treatment

Defective or delayed
regulatory responses

Excess
proinflammatory cytokine
. o

Signs: focal
Localised tissue
edema and focal
inflammation

Signs: systemic
Systemic
inflammatory
response

Fig 1: Diagram illustrating the pathophysiology of IRIS™

Note: A conceptual model of immune reconstitution inflammatory syndrome
(IRIS) pathophysiology with three key features represented in central
rectangles.

Excess antigen is a feature of tuberculosis (TB)
IRIS, cryptococcal IRIS and Kaposi's sarcoma IRIS.
This may result from extreme immunosuppression
prior to antiretroviral therapy (ART) initiation,
which increases the risk of opportunistic infection
(OI) dissemination (in TB), and is associated with
paucity of inflammation in cryptococcal meningitis
(CM), especially in those patients who go on to
develop IRIS. Antigen is likely to be more abundant
if the OI is untreated, or if treatment has recently
started. Immune cell dysfunction following ART has
been described in IRIS, although the mechanism of
this is incompletely understood but is thought to
involve uncoupling of innate and acquired immune
responses, restoration of exuberant pathogen-
specific cellular responses, and defective or delayed
regulatory responses. An excess of pro-
inflammatory cytokines has been associated with
TB-IRIS, and cryptococcal IRIS, in blood and
cerebrospinal fluid. Possible relationships between
the three key components are depicted by
differentially weighted arrows. However, the
direction of causality is not clear. It is probable that
the presence of high antigen in IRIS drives pro-
inflammatory cytokine responses directly through
stimulation of innate immune responses and
indirectly when adaptive immunity recovers.
Further studies are required to improve
understanding of these interactions.

Table 3: How diverse forms of IRIS share common
features leading to the manifestation of disease.”
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Form of IRIS Progression of events leading to IRIS

Infection or Immune defect High microbial  Clinical Full Pathology
iatrogenic load without intervention inflammation
Immunosuppression normal restored
inflammation
HiV-associated  HIV 4 CD4 Toells Meany including  ART TCD4# Tcells Many manifestations
mycobacteria and
cryptococei
Exacerbation TNF blockade: 1INF M.tuberculosis  Stop TNFblockade T TNF Lung pathology.
of TB after lymphadenitis
withdrawal of
TNF blockade
PML-azsociated  adintegrin blockade L Immune cell JCpolyomavirus  Stopad integrin Timmunecell Leukoencephalopathy
migration into CNS blockade migration into
CNS
Organ Anti-graftrejection  Broad C. neoformans Decrease Manytactors? Meningitis
transplant- treatment Immunosuppression Immunosuppressive
associated treatment
Mouse model TCRaKOQorscidmice T cell deficiency M. avium or InjectCD4'Tcells  TCD4'Tcells Wasting.lung
P carinii pathology

Key: ART, antiretroviral therapy; C. neoformans, Cryptococcus neoformans; CNS, central nervous system; IRIS, immune reconstitution
inflammatory syndrome; M. avium, Mycobacterium avium; M. tuberculosis, Mycobacterium tuberculosis; P. carinii, Pneumocystis carinii; PML,
progressive multifocal leukoencephalopathy; scid, severe combined immunodeficient; TB, tuberculosis; TCRaKO, T cell receptor-a knockout; TNF,

tumour necrosis factor.

CLINICALMANIFESTATIONS

Although presentation varies by associated pathogen, a common feature is that onset is usually acute and
there are features of inflammation, which may be generalized (eg, fever, tachycardia) or localized (eg,
lymphadenitis).”* In paradoxical IRIS, symptoms of the previously diagnosed opportunistic infection may
recur or worsen, but a clear improvement is usually reported after the start of opportunistic infection
treatment prior to starting ART.

Clinical features associated with different forms of IRIS are as seen in the table below:

Table 3: Pathogens and key clinical features of associated IRIS."

Pathogen associated Features of IRIS

1| Mycobacterium tuberculosis Fever, lymphadenitis, new/ worsening pulmonary infiltrates, pleural effusions,
hepatomegaly, paradoxical or unmasking TBM/ tuberculoma

2 | Nontuberculous mycobacteria(NTM) Fever, lymphadenitis (painful/suppurative), pulmonary infiltrates and cavitation,
inflammatory masses

3 | Cytomegalovirus Immune recovery uveitis (usually following previous history of retinitis),
retinitis (typically unmasking)

4 | Varicella zoster virus Dermatologic reactivation (shingles), encephalitis, transverse myelitis, stromal

keratitis

5 | Human herpes virus-8 (Kaposi’s sarcoma Kaposi’s sarcoma- IRIS, multicentric Castleman’s disease

virus)
6 | Cryptococcus neoformans Meeningitis with raised intracranial pressure, lymphadenitis, pneumonitis,
ocular and soft tissue inflammation
7 | Pneumocystis jirovecii Unmasking PCP, paradoxical deterioration during or shortly after treatment with

worsening hypoxia and new pulmonary infiltrates, organizing pneumonia (rare)

KEY: ART, anti-retroviral therapy; PCP, Pneumocystis jiroveciipneumonia; TBM, tuberculosis meningitis;
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DIAGNOSIS

There is no single test currently available for the
diagnosis of IRIS. Therefore, information regarding
history, diagnosis, treatment and response to
treatment of opportunistic infections before the
commencement of ART is crucial to the diagnosis of
“paradoxical” IRIS. However, diagnosis is further
complicated in patients with “unmasking” IRIS as it
is difficult to prove that the previous existence of a
hidden opportunistic infection or the observed
increase in inflammation is due to immune recovery.
IRIS therefore is oftentimes a diagnosis of
exclusion.” Because of the dilemma involved in
making the diagnosis of IRIS, general case
definitions have been proposed to enable clinicians
consider the diagnosis of IRIS in their patients
especially in resource-constrained settings.
However, they lack specificity and do not
discriminate between the different forms of
IRIS."*"* Furthermore, diagnosis can be supported
by the detection of atypical imaging findings such as
new imaging patterns, kidney function tests, liver
function tests, clotting profile/coagulation studies,
serological tests and microbiological cultures that
might detect viable organisms. Pathologically, T-cell
infiltration confirms the diagnosis.”

CASE DEFINITIONS OFIRIS

Common case definitions used for IRIS are based on
the major aetiological causes of IRIS, namely: HIV
and Tuberculosis™” proposed the HIV associated
case definitions while” and INSHI (International
Network for the Study of HIV-associated IRIS)
proposed TB associated IRIS case definitions in use
today.

IRIS case definition proposed by French ez al
(2004)”

Diagnosis requires two major criteria (A+B) or one
major criterion (A) plus two minor criteria:

Major criteria:

A. Atypical presentation of opportunistic
infections or tumours in patients
responding to ART, manifested by any of
the following:

-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

B. Decrease in plasma HIV RNA level >1
log,, copies/ml
Minor criteria:
- Increase in CD4 count after ART\

- Increase in an immune response specific to the
relevant pathogen

- Spontaneous resolution of disease with
continuation of ART

IRIS case definition proposed by Robertson ef al.
(2006)*

Required criterion

- Worsening symptoms of

inflammation/infection

— Temporal relationship with starting
antiretroviral treatment

—  Symptoms not explained by newly acquired
infection or disease or the usual course of a
previously acquired disease

>1log,, decrease in plasma HIV load
Supportive criterion
— Increase in CD4+ cell count of>25 cells/pl

— Biopsy demonstrating well-formed
granulomatous inflammation or unusually
exuberant inflammatory response.

Case definition for tuberculosis-associated IRIS
by Colebunderset al. (2006)”

Suspected case(must meet the following three
criteria)
— An initial clinical response to tuberculosis

treatment

— New persistent fevers without another identifiable
cause and/or one or more of the following:
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worsening or emergence of dyspnoea, stridor, an
increase in lymph node size, development of
abscesses, development of abdominal pain with
ultrasound evidence of abdominal adenopathies,
unexplained CNS symptoms

— Adequate adherence to ART and
tuberculosis treatment

Confirmed case(must meet the following three
criteria)

— New/worsening radiological signs

— Agood virological response and/or
increase in CD4+ lymphocyte
count, and/or conversion of
tuberculin skin test from negative
to positive, and/or adequate
adherence to ART and tuberculosis
treatment

— Exclusion of treatment failure or
other concomitant infections,
tumours, or allergic reactions.

INSHI case definition for paradoxical TB-IRIS*

(A) Antecedent requirements (both criteria must
be met)

— Diagnosis of tuberculosis: the
diagnosis of tuberculosis made
before starting ART (WHO
criteria).

— Initial response to tuberculosis
treatment: initial improvement or
stabilisation on appropriate anti-
TB treatment before ART initiation
(however, in patients starting ART
within 2wk of starting tuberculosis
treatment, insufficient time may
have elapsed for a clinical response
to be reported).

(B) Clinical criteria (one major criterion or two
minor clinical criteria are required)

The onset of TB-IRIS manifestations within 3
months of ART initiation, re-initiation, or regimen
change.

Major criteria:

— New or enlarging lymph nodes,

cold abscesses, or other focal
tissue involvement

— New or worsening serositis

— New or worsening CNS
tuberculosis

— New or worsening radiological
features of tuberculosis

Minor criteria

— New or worsening constitutional
symptoms

— New or worsening respiratory
symptoms

— New or worsening abdominal pain
accompanied by peritonitis,
hepatomegaly, splenomegaly, or
abdominal adenopathy

(C) Alternative explanations must be excluded if
possible

—  Tuberculosis drug resistance, poor
adherence to treatment, drug
toxicity, and another opportunistic
infection.

BIOMARKERS FOR THE DIAGNOSIS OF
IRIS

Studies have shown that there are some biomarkers
associated with specific forms of IRIS. For instance,
paradoxical TB-IRIS is shown to be associated with
elevated interleukin (IL)-4, IL-6, IL-7, interferon
gamma (IFN- v) and tumour necrosis factor alpha
(TNF-0) during clinical events.”"' Some of such
biomarkers include: C-reactive protein (CRP),
interferon (INF)-y, interleukin (IL)-
2,6,7,12,13,17,18, tumour necrosis factor (TNF)-a,
INF-vinducible protein-10 (IP-10) or D-dimer.”*”'

However, as at the moment, none of these markers
are consensual and more studies are needed for
proper cut-offs before they could be included in
standard patient care guidelines for
screening/diagnostic tests to identify patients at risk,
develop better therapeutics and monitor response to
therapy. A selection of a few of these markers, based
on ease of use in the laboratory, reproducibility,
price, and effectiveness to predict IRIS should
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provide a strong algorithm and robust tool for
stratifying patients with high, moderate, and low risk
to develop IRIS.™*

CONCLUSION

From the various studies, our review has been able to
largely highlight the fact that there's no common
pathophysiological explanation for all forms of IRIS,
the syndrome is largely due to an unbalanced
immune reconstitution of effector and regulatory T
cells in patients undergoing rapid immune
reconstitution. It is found out from histologic
examinations of tissues or organs with inflammatory
cell infiltrates by various studies that T cells
cytotoxicity predominate in IRIS provoked by
viruses while granulomatous inflammation
predominates in IRIS provoked by fungi, protozoans
and mycobacteria. However, more research is
needed to delineate the specific antigens/cytokines
that directly provoke IRIS in various settings of
immune recovery, understanding of which is
important for the development of
immunomodulatory pharmacological interventions
for the treatment and prevention of this life-
threatening condition.

Keywords: Cytokine-storm, HIV-IRIS, immune,
IRIS, reconstitution, recovery, TB-IRIS

REFERENCES

1. Singh N, Lortholary O, Alexander BD, Gupta
KL, John GT, Pursell K, et al. An immune
reconstitution syndrome-like illness associated
with Cryptococcus neoformans infection in
organ transplant recipients. Clin. Infect.
Dis.2005,40,1756-1761.

2. Sun HY, Singh N. Immune reconstitution
inflammatory syndrome in non-HIV
immunocompromised patients. Curr. Opin.
Infect. Dis.2009, 22,394-402.

3. Singh N, Perfect JR. Immune reconstitution
syndrome and exacerbation of infections after
pregnancy. Clin. Infect. Dis. 2007, 45,
1192-1199.

4. Gopal R, Rapaka RR, Kolls JK. Immune
reconstitution inflammatory syndrome
associated with pulmonary pathogens. Eur

10.

RespirRev2017;26: 160042

Post MJ, Thurnher MM, Clifford DB, Nath A,
Gonzalez RG, Gupta RK, Post KK. CNS-
immune reconstitution inflammatory syndrome
in the setting of HIV infection, part 1: overview
and discussion of progressive multifocal
leukoencephalopathy-immune reconstitution
inflammatory syndrome and cryptococcal-
immune reconstitution inflammatory syndrome.
American Journal of Neuroradiology.
2013,34(7):1297-307.

Achenbach JC, Harrington DR, Dhanireddy S,
Crane HM, Casper C, Kitahata MM, Paradoxical
Immune Reconstitution Inflammatory
Syndrome in HIV-Infected Patients Treated With
Combination Antiretroviral Therapy After
AIDS-Defining Opportunistic Infection,
Clinical Infectious Diseases, Volume 54, Issue 3,
1 February 2012, Pages 424-433,
https://doi.org/10.1093/cid/cir802

Novak RM, Richardson JT, Buchacz K, Chmiel
JS, Durham MD, Palella FJ, et al. HIV
Outpatient Study (HOPS) Investigators.
Immune reconstitution inflammatory syndrome:
incidence and implications for mortality. AIDS.
2012 Mar 27;26(6):721-30. doi:
10.1097/QAD.0b013e3283511e¢91. PMID:
22233655; PMCID: PMC4657750.

Hoyo-Ulloa I, Belaunzaran-Zamudio PF,
Crabtree-Ramirez B, Galindo-Fraga A, Pérez-
Aguinaga ME, Sierra-Madero JG. Impact of the
immune reconstitution inflammatory syndrome
(IRIS) on mortality and morbidity in HIV-
infected patients in Mexico. Int J Infect Dis.
2011;15(6): e408—e414.

Kumar SR, Gopalan N, Patrawalla P, Menon P,
Mayer K, Swaminathan S. Immune
reconstitution inflammatory syndrome in HIV-
infected patients with and without prior
tuberculosis. Int J STD AIDS.
2012;23(6):419-423.

Letang E, Mir6 JM, Nhampossa T, Ayala E,
Gascon J, Menéndez C, et al. Incidence and
predictors of immune reconstitution
inflammatory syndrome in a rural area of

West J Med & Biomed Sci | Vol. 5 No. 3 | 2024

For Reprint Contact: submit.wjmbs@gmail.com.ng


https://doi.org/10.1093/cid/cir802

Pg 113

*Emanghe UE, Mamfe JA, Jombo GTA

I1.

12.

13.

14.

15.

16.

17.

Mozambique. PLoS One. 2011 Feb
28;6(2):e16946. doi:
10.1371/journal.pone.0016946. PMID:
21386993; PMCID: PMC3046140.

Haddow LJ, Moosa MY, Mosam A, Moodley P,
Parboosing R, Easterbrook PJ. Incidence,
clinical spectrum, risk factors and impact of HIV-
associated immune reconstitution inflammatory
syndrome in South Africa. PLoS One.
2012;7(11): e40623

Walker NF, Scriven J, Meintjes G, Wilkinson RJ.
Immune reconstitution inflammatory syndrome
in HIV-infected patients, HIV/AIDS - Research
and Palliative Care. 2015, 7: 49-64

Shelburne SA, Visnegarwala F, Darcourt J,
Graviss EA, Giordano TP, White AC Jr, ef al.
Incidence and risk factors for immune
reconstitution inflammatory syndrome during
highly active antiretroviral therapy. AIDS. 2005
Mar 4;19(4):399-406. doi:
10.1097/01.aids.0000161769.06158.8a. PMID:
15750393.

Dhasmana DJ, Dheda K, Ravn P, Wilkinson RJ,
Meintjes G. Immune reconstitution
inflammatory syndrome in HI'V-infected patients
receiving antiretroviral therapy: pathogenesis,
clinical manifestations and management. Drugs.
2008;68(2):191-208. doi: 10.2165/00003495-
200868020-00004. PMID: 18197725.

Miiller M, Wandel S, Colebunders R, Attia S,
Furrer H, Egger M; IeDEA Southern and Central
Africa. Immune reconstitution inflammatory
syndrome in patients starting antiretroviral
therapy for HIV infection: a systematic review
and meta-analysis. Lancet Infect Dis. 2010
Apr;10(4):251-61. doi: 10.1016/S1473-
3099(10)70026-8. PMID: 20334848; PMCID:
PMC4183458.

French MA. Disorders of immune reconstitution
in patients with HIV infection responding to
antiretroviral therapy. Current HIV/AIDS
Report. 2007, 4:16-21

Bonham S, Meya DB, Bohjanen PR, et
al.Biomarkers of HIV immune reconstitution

18.

19.

20.

21.

22.

23.

24.

25.

inflammatory syndrome. Biomarkers of
Medicine. 2008,2:349-61

Berkeley JL, Nath A, Pardo CA. Fatal immune
reconstitution inflammatory syndrome with
human immunodeficiency virus infection and
Candida meningitis: case report and review of
the literature. Journal Neurovirology. 2008, 14:
267-76

Tan K, Roda R, Ostrow L, McArthur J, Nath A.
PML-IRIS in patients with HIV infection:
clinical manifestations and treatment with
steroids. Neurology. 2009 Apr 28;72(17):1458-
64. doi: 10.1212/01.wnl.0000343510.08643.74.
Epub 2009 Jan 7. PMID: 19129505; PMCID:
PMC2677476.

Sharma SK, Soneja M. HIV and immune
reconstitution inflammatory syndrome (IRIS)
Indian Journal of Medical Research 2011, 134:
866-877

French MA.
inflammatory syndrome: a reappraisal. Clinical
Infectious Diseases 2009,48(1): 101-107

Immune reconstitution

Johnson T, Nath A. Neurological complications
of immune reconstitution in HIV-infected
populations. Annals of New York Academy of
Science. 2010, 1184:106-20

Delliére S, Guery R, Candon S, Rammaert B,
Aguilar C, Lanternier F, Chatenoud L,
Lortholary O. Understanding Pathogenesis and
Care Challenges of Immune Reconstitution
Inflammatory Syndrome in Fungal Infections.
Journal of Fungi. 2018, 4(4):139.
https://doi.org/10.3390/j0f4040139

Seddiki N, Sasson SC, Santner-Nanan B, Munier
M, van Bockel D, Ip S, ef al. Proliferation of
weakly suppressive regulatory CD4+ T cells is
associated with over-active CD4+ T-cell
responses in HIV-positive patients with
mycobacterial immune restoration disease.
European Journal of Immunology. 2009, 39:
391-403.

Becker Y. The changes in the T helper 1 (Th1)
and T helper 2 (Th2) cytokine balance during
HIV-1 infection are indicative of an allergic

West J Med & Biomed Sci | Vol. 5 No. 3 | 2024

For Reprint Contact: submit.wjmbs@gmail.com.ng



Pg 114

*Emanghe UE, Mamfe JA, Jombo GTA

26.

27.

28.

29.

30.

31.

32.

33.

response to viral proteins that may be reversed by
Th2 cytokine inhibitors and immune response
modifiers-a review and hypothesis. Virus Genes
2004,28,5-18.

Martinez FO, Gordon S. The M1 and M2
paradigm of macrophage activation: time for
reassessment. F1000Prime Rep. 2014 Mar
3;6:13. doi: 10.12703/P6-13. PMID: 24669294;
PMCID: PM(C3944738.

Nilsson J, Boasso A, Velilla PA, Zhang R, Vaccari
M, Franchini G, ef al. HIV-1-driven regulatory T-
cell accumulation in lymphoid tissues is

associated with disease progression in
HIV/AIDS. Blood 2006, 108, 3808-3817.

Montes M, Sanchez C, Lewis DE, Graviss EA,
Seas C, Gotuzzo E, ef al. Normalization of
FoxP3+ Regulatory T Cells in Response to
Effective Antiretroviral Therapy. J. Infect. Dis.
2010,203,496-499.

Martin-Blondel G, Mars LT, Liblau RS.
Pathogenesis of the immune reconstitution
inflammatory syndrome in HIV-infected
patients. Curr. Opin. Infect. Dis. 2012, 25,
312-320.

Tsiodras S, Samonis G, Boumpas DT,
Kontoyiannis DP. Fungal Infections
Complicating Tumor Necrosis Factor Blockade
Therapy. Mayo Clin. Proc. 2008, 83, 181-194.

Zhang YH, He M, Wang Y, Liao AH. Modulators
of the Balance between M1 and M2
Macrophages during Pregnancy. Front.
Immunol. 2017, 8, 120.

Elenkov 1J, Wilder RL, Bakalov VK, Link AA,
Dimitrov MA, Fisher S, et al. IL-12, TNF-alpha,
and hormonal changes during late pregnancy and
early postpartum: Implications for autoimmune
disease activity during these times. J. Clin.
Endocrinol. Metab. 2001, 86,4933-4938.

Sun HY, Alexander BD, Huprikar S, Forrest GN,
Bruno D, Lyon GM, et al. Predictors of immune
reconstitution syndrome in organ transplant
recipients with cryptococcosis: Implications for
the management of immunosuppression. Clin.
Infect. Dis 2014, 60, 36—44.

34.

35.

36.

37.

38.

39.

40.

41.

Weaver CT, Hatton RD, Mangan PR, Harrington
LE. IL-17 Family Cytokines and the Expanding
Diversity of Effector T Cell Lineages. Ann. Rev.
Immunol. 2007, 25, 821-852.

Weaver CT, Hatton RD. Interplay between the
TH17 and TReg cell lineages: A (co)
evolutionary perspective. Nat. Rev. Immunol.
2009,9, 883-889.

Das P, Rampal R, Udinia S, Kumar T, Pilli S,
Wari N, et al. Selective M1 macrophage
polarization in granuloma-positive and
granuloma-negative Crohn's disease, in
comparison to intestinal tuberculosis. Intest.
Res.2018,16,426-435.

Mutimer HP, Akatsuka Y, Manley T, Chuang EL,
Boeckh M, Harrington R, ef al. Association
between immune recovery uveitis and a diverse
intraocular cytomegalovirus-specific cytotoxic
T cell response. J Infect Dis. 2002 Sep
1;186(5):701-5. doi: 10.1086/342044. Epub
2002 Aug 5. PMID: 12195359.

Gray F, Bazille C, Adle-Biassette H, Mikol J,
Moulignier A, Scaravilli F. Central nervous
system immune reconstitution disease in
acquired immunodeficiency syndrome patients
receiving highly active antiretroviral treatment.
Journal of Neurovirology. 2005, 11(Suppl
3):16-22.

Blanche P, Gombert B, Rivoal O, Abad S,
Salmon D, Brezin A. Uveitis due to Leishmania
major as part of HAART-induced immune
restitution syndrome in a patient with AIDS. Clin
Infect Dis 2002, 34:1279-80.

Couppié P, Abel S, Voinchet H, Roussel M,
Hélénon R, Huerre M, et al. Immune
reconstitution inflammatory syndrome
associated with HIV and leprosy. Arch
Dermatol. 2004, 140(8):997-1000. doi:
10.1001/archderm.140.8.997. PMID:
15313818.

Breton G, Adle-Biassette H, Therby A,
Ramanoelina J, Choudat L, Bissuel F, er al.
Immune reconstitution inflammatory syndrome
in HIV-infected patients with disseminated

West J Med & Biomed Sci | Vol. 5 No. 3 | 2024

For Reprint Contact: submit.wjmbs@gmail.com.ng



Pg 115

*Emanghe UE, Mamfe JA, Jombo GTA

42.

43.

44,

45.

46.

47.

48.

49.

histoplasmosis. AIDS. 2006 Jan 2;20(1):119-21.
doi: 10.1097/01.aids.0000199014.66139.39.
PMID: 16327328.

Batista MD, Porro AM, Maeda SM, Gomes EE,
Yoshioka MC, Enokihara MM, et al. Leprosy
reversal reaction as immune reconstitution
inflammatory syndrome in patients with AIDS.
Clin Infect Dis. 2008 Mar 15;46(6):¢56-60. doi:
10.1086/528864. PMID: 18269334.

Flynn JL, Chan J, Lin PL. Macrophages and
control of granulomatous inflammation in
tuberculosis. Mucosal Immunol. 2011, 4,
271-278.

Scriba TJ, Kalsdorf B, Abrahams DA, Isaacs F,
Hofmeister J, Black G, et al. Distinct, specific IL-
17- and IL-22-producing CD4+ T cell subsets
contribute to the human anti-mycobacterial
immune response. J Immunol. 2008 Feb
1;180(3):1962-70. doi:
10.4049/jimmunol.180.3.1962. PMID:
18209095; PMCID: PM(C2219462.

Matsuzaki G, Umemura M. Interleukin-17 as an
effector molecule of innate and acquired
immunity against infections. Microbiol Immunol
2007;51:1139-47.

Barber DL, Andrade BB, Sereti I, Sher A.
Immune reconstitution inflammatory syndrome:
the trouble with immunity when you had none.
Nat Rev Microbial. 2012, 10(2):150-6.

Colebunders R, John L, Huyst V, Kambugu A,
Scano F, Lynen L. Tuberculosis Immune
Reconstitution Inflammatory Syndrome in
countries with limited resources. 2006,

International Journal of Tuberculous Lung
Diseases10:946-53.

Meintjes G, Lawn SD, Scano F, Maartens G,
French MA, Worodria W, et al. International
Network for the study of HIV-associated IRIS.
Tuberculosis-associated immune reconstitution
inflammatory syndrome: case definitions for use
in resource-limited settings. Lancet Infect Dis
2008; 8:516-23.

French MA, Price P, Stone SF. “Immune
restoration disease after antiretroviral therapy,”

AIDS.2004,18(12): 1615-1627

50.Robertson J, Meier M, Wall J, Ying J,

51.

Fichtenbaum CJ. Immune reconstitution
syndrome in HIV: validating a case definition
and identifying clinical predictors in persons
initiating antiretroviral therapy. Clin Infect Dis
2006; 42:1639-46.

Tadokera R, Meintjes G, Skolimowska KH,
Wilkinson KA, Matthews K, Seldon R, et al.
Hypercytokinaemia accompanies HIV-
tuberculosis immune reconstitution
inflammatory syndrome. Eur Respir J. 2011, 37:
1248-59

West J Med & Biomed Sci | Vol. 5 No. 3 | 2024

For Reprint Contact: submit.wjmbs@gmail.com.ng



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12

