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Suppression ofHIV infection by antiretroviral therapy (ART)

resolves much of the immune dysfunction caused by HIV

replication. However, reconstitution of the immune system

during ART may, paradoxically, cause immunological dis-

ease that presents clinically as an immune reconstitution

disorder. These disorders include autoimmune disease,

mainly Graves’ disease, and immune-mediated inflammato-

ry disease, such as sarcoidosis. However, by far the most

common type of immune reconstitution disorder results

from restoring immune responses against opportunistic

pathogens.

Restoration of immune responses against opportunistic pathogens

causes immunopathology in up to 40% of HIV patients with severe

CD4+ T cell deficiency, during the first 3 months of ART. The

immune response may be directed against dead micro-organisms,

in patients whose opportunistic infection has been treated, or

against a subclinical active infection that isunmaskedby the immune

response. Disease events may be indistinguishable from typical

disease presentations, such as first presentations of tuberculosis

(TB) or dermatomal zoster, and flares of hepatitis associated with

hepatitis B virus and hepatitis C virus infection, that occur after

commencing ART. In contrast, an immune reconstitution inflam-

matory syndrome (IRIS) may occur. These syndromes are associ-

atedwith infection by awide variety of opportunistic pathogens and

are characterised by inflammatory responses that are exaggerated

and/or atypical andoften cause significantmorbidity and sometimes

mortality.

Globally, the most significant types of IRIS in HIV patients are

associated withMycobacterium tuberculosis and Cryptococcus sp.

infection. Tuberculosis-associated IRIS (TB-IRIS) and cryptococco-

sis-associated IRIS (C-IRIS) affect about 25% of HIV patients with

severe immunodeficiency (CD4+ T cell count <50/mL) when ART is

commenced (Figure 1). Mortality from these conditions is highest

when the central nervous system is involved, usually in patients with

meningitis. Both TB-IRIS and C-IRIS, as well as IRIS associated with

other pathogens, place a substantial burden on antiretroviral treat-

ment programmes in resource-poor countries. Therefore, under-

standing the immunology of the various types of IRIS will not only

provide valuable information about host-pathogen interactions

but also assist in developing strategies for the prevention, diagnosis

and treatment of these conditions.

Following the first description of an IRIS in HIV patients during the

1990s1, I have been rewarded by collaborations with researchers

from Australia (Patricia Price, Dino Tan, Christina Chang, Julian

Elliott, Sharon Lewin, Suzanne Crowe, David Cooper), Cambodia

(Mean Chi Vun, Saphonn Vonthanak), India (Ramachandran Vig-

nesh, Nagalingeswaran Kumarasamy), Malaysia (Hong Yien Tan,

Adeeba Kamarazulaman), South Africa (Thumbi Ndung’u, Yunus

Moosa) and the USA (Irini Sereti) to undertake research studies on

the immunopathogenesis of immune reconstitution disorders.

Figure 1. Massive paratracheal and hilar lymphadenopathy (arrows) in a
patient with HIV infection and treated TB who commenced ART with a
CD4+ T cell count of <50/mL and developed TB-IRIS. The inflammation
resulted in severe andprolonged fever and tachycardia that resulted in a
cardiomyopathy. Corticosteroid therapy was effective.
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Early studies in Australian patients highlighted the role of pro-

inflammatory cytokines, particularly interleukin (IL)-6, in an IRIS

associated with several pathogens and are now being confirmed

10 years later in studies conducted in patients and experimental

animals with Mycobacterium avium IRIS2. It has also been shown

that dysregulation of chemokine production also contributes to

inflammation. For example, impaired production of CCL2 before

ART and persistently increased production of CXCL10 during ART

are observed in the blood of HIV patients with treated TB who

develop TB-IRIS3, whereas HIV patients with treated cryptococcal

meningitis who develop C-IRIS exhibit higher ratios of CCL2/

CXCL10 and CCL3/CXCL10 in CSF before ART is commenced4.

It is unclear whether infection by HIV, the opportunistic pathogen,

or both, affect chemokine responses but it is likely that dysregulated

chemokine production affects the function and/or trafficking of T

cells, NK cells, monocytes or neutrophils at sites of infection by

opportunistic pathogens before and after ART is commenced.

Given that recovery of CD4+ T cell numbers is the most notable

effect of ART on the immune system of HIV patients, the various

types of IRIS are often seen as the result of increased pathogen-

specific CD4+T cell responses. However, the role that T cells play in

the immunopathogenesis of the various types of IRIS remains

unclear. While CD4+ T cells reactive with M. tuberculosis antigens

increase in HIV-TB patients after ART is commenced, TB-IRIS is not

clearly associated with a larger number of these cells. For example,

we have shown that type 1 helper T cell (Th1) responses, which are

characterised by production of IFN-g and interferon-induced che-

mokines, such as CXCL9 and CXCL10, are higher in TB-IRIS patients

but may just reflect expansion of higher pre-ART Th1 responses5.

Also, in HIV patients with C-IRIS, we could not demonstrate higher

blood T cell responses to cryptococcal mannoprotein (CMP) in

C-IRIS patients using whole blood assays, although whole blood T

cell IFN-g responses to CMP were lower before ART in patients who

subsequently developed C-IRIS6. In contrast, Th1 responses to

M. tuberculosis antigens are more prominent in HIV patients with

subclinical TB that is unmasked by ART7. Studies by Australian

colleagueshave shown that an IRIS associatedwithnon-tuberculous

mycobacterial infection is associated with increased numbers of

dysfunctional regulatory T cells8.

The inflammatory response topathogens in the various typesof IRIS

is not only determined by the immune responses restored by ART

but also by the pathogen load. The clearest demonstration of this

was provided by studies in HIV patients with treated cryptococcal

meningitis, which demonstrated that positive CSF cultures and a

higher CSF quantitative cryptococcal count before commencing

ART were strong predictors of C-IRIS9. While there are several

possible causes of a higher cryptococcal antigen load prior to ART,

including inadequate anti-fungal therapy, our data suggest that a

greater degree of immunodeficiency, as manifested by lower blood

CD4+Tcell counts andwholeblood IFN-g responses toCMPprior to

starting ART, is a contributory factor6,9.

Taken together, the findings of studies co-ordinated from Australia

and overseas indicate that an IRIS in HIV patients commencing ART

is triggered by a high pathogen load and associated with innate

immune responses, and in some cases T cell responses, against

pathogens. Defining critical inflammatory mediators2 will lead to

more effective therapy for this troublesome complication of ART.
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