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Antiretroviral therapy (ART), while essential in combatting tuberculosis (TB) and HIV coinfection, is often complicated by

TB-associated immune reconstitution inflammatory syndrome (TB-IRIS). Depending on the TB diagnosis and treatment

status at ART initiation, this immune-mediated worsening of TB pathology can take the form of paradoxical TB-IRIS,

unmasking TB-IRIS. Each form of TB-IRIS has unique implications for diagnosis and treatment. This entry is a discussion

of TB-IRIS with an expanded focus on CNS TB-IRIS given its severe outcomes and anatomic and immunologic

peculiarities.
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1. Introduction

Mycobacterium tuberculosis infection (TB) remains the world’s most deadly infectious disease with 10 million cases and

nearly 1.5 million deaths in 2018 alone . TB burden remains highest in parts of the world with high HIV prevalence—

notable, given that TB and HIV co-infection negatively affects patient outcomes. TB infection leads to increased HIV

replication and HIV contributes to TB progression due to HIV mediated immune suppression . People living with HIV

have a 19 times increased risk of developing TB, and make up 17% of all TB deaths worldwide . TB accounts for one in

three AIDS-related deaths, making it the leading contributor to mortality in people living with HIV .

The roll-out of anti-retroviral therapy (ART) in settings with high TB and HIV prevalence has been instrumental in

combatting these twin epidemics, with ART availability reducing TB risk by 58–80% . Since 2000, TB mortality in HIV-

positive individuals decreased by 60% compared to 27% among HIV-negative individuals—almost certainly in part due to

wider ART availability . However, an important complication of TB-HIV coinfection in the post-ART era is TB-associated

immune reconstitution inflammatory syndrome (TB-IRIS). First recognized in the years after the roll-out of ART, this

syndrome is characterized by severe inflammatory features of TB occurring after rapid reconstitution of the immune

system once ART has been initiated. This should be distinguished from TB paradoxical reaction (also sometimes referred

to as IRIS though these are not the same phenomena), a long-recognized feature of the course of TB treatment where

there is a brief paradoxical worsening of symptoms after initiating TB treatment, that is independent of rapid immune

recovery caused by ART . In 2006, the need to standardize terminology used for TB-IRIS  motivated the

International Network for the Study of HIV associated IRIS (INSHI) to establish the currently-used consensus case

definitions for the two different forms of TB-IRIS––paradoxical and unmasking (Figure 1) .

Figure 1. Diagnostic categories of TB-associated immune reconstitution inflammatory syndrome (TB-IRIS).
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Diagnostic categories of TB-IRIS depend on the sequence of ATT (antitubercular therapy) and ART (antiretroviral therapy)

initiation, as well as the site of TB at ART initiation. Paradoxical IRIS is diagnosed when pulmonary or extrapulmonary TB

worsens after ART initiation in a patient who previously responded to ATT. ART-associated TB is any TB diagnosed after

ART initiation, while unmasking TB-IRIS is a subcategory where the TB presentation is markedly inflammatory. We add a

final major category of CNS-TB-IRIS based on its unique pathologic and therapeutic considerations.

Paradoxical IRIS is the onset of IRIS manifestations within three months of ART initiation in a patient previously diagnosed

with TB and with an initial response to treatment. Manifestations include enlarging lymph nodes, cold abscesses,

worsening radiological features, worsening serositis, or worsening of symptoms of at least two diseases locations (i.e.,

constitutional symptoms, respiratory symptoms, abdominal symptoms) .

ART-associated TB is active TB diagnosed after ART initiation in a patient not receiving TB treatment.

Unmasking TB-IRIS is ART-associated TB that occurs within three months of ART initiation and has a “heightened

intensity of clinical manifestations, particularly if there is evidence of a marked inflammatory component”. Examples

include, but are not limited to, lymphadenitis, abscesses, respiratory failure, or a systemic inflammatory syndrome.

Importantly, in this case TB was not diagnosed or treated prior to initiation of ART .

The definition for paradoxical IRIS is well characterized and has been widely used, but the definition for unmasking IRIS

remains provisional due to an unclear delineation of the inflammatory characteristics required, and therefore the term

“ART-associated TB” has been used to include unmasking IRIS as well as non-IRIS TB diagnosed after ART initiation .

A clinically helpful framework for TB-IRIS is to classify each form by the patient population at risk for its development after

ART-initiation—paradoxical TB-IRIS is seen in patients with active TB infection undergoing treatment, and unmasking TB-

IRIS is seen in patients with occult or subclinical TB that generally has not been diagnosed. CNS-TB-IRIS is seen in

patients with neuro-invasive TB and, while technically falling into one of the prior categories, is clinically and pathologically

a unique entity with differing immune characteristics and treatment guidelines. In this review we will detail the current state

of research on each form of TB-IRIS and describe the gaps in understanding that may serve as opportunities for future

study. While TB-IRIS may occur in settings outside of HIV co-infection (for example, with a decrease in immune

suppressive medications related to transplantation), the focus of this review relates to HIV .

2. CNS-TB-IRIS

Given the physical and immunologic peculiarities of the central nervous system, paradoxical IRIS in the setting of CNS TB

requires specific considerations in diagnosis and management. CNS TB-IRIS is common, occurring in nearly half of TB

meningitis (TBM) cases in some cohorts , and representing the most common etiology of neurological deterioration

after ART initiation . However, despite making up about 10% of all TB-IRIS , neurological manifestations contribute

to the vast majority of TB-IRIS mortality . The prognosis of CNS-TB-IRIS is poor with studies showing mortality in

13–30% of cases and disability in an additional 30% . Of note, despite paradoxical reactions also being common in

HIV-negative TBM, these non-IRIS paradoxical reactions do not adversely impact mortality , and therefore parallels

between these entities should be made cautiously.

2.1. Clinical Features and Diagnosis of CNS-TB-IRIS

As with all paradoxical TB-IRIS, CNS-TB-IRIS is diagnosed when symptoms of CNS-TB recur after ART-initiation after

initially improving on ATT (Figure 1) . Symptoms reappear a median of 14 days after ART initiation . CNS TB-IRIS

can include all forms of CNS TB—most prominently meningitis, but also intracranial tuberculoma , brain abscess ,

spinal epidural abscess, and radiculomyelitis . The most common symptoms are headache, neck stiffness, confusion

and new-onset seizures ; paraparesis, disconjugate eye movements, aphasia, and decreased vision are also

reported . Systemic signs of IRIS and TB, such as lymphadenopathy, are also instructive . Inflammation in the

CSF typically coincides with symptoms, improving initially during ATT, but then returning to the range at initial

presentation; specific thresholds of leukocytes, protein, or glucose have not been established . Neutrophils are often

predominant at IRIS onset .

Head and spine imaging are also important for diagnosis as radiologic worsening is itself sufficient for diagnosis of IRIS in

some situations , and significant hydrocephalus, which is often present in CNS-TB-IRIS, should trigger intervention .

Tuberculomas are the most common imaging finding in CNS-TB-IRIS, occurring in 52% of cases in one series, often

alongside meningitis . They are generally supratentorial, moderately sized (median 11 mm), and multiple in half of
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cases, usually with associated edema, but rarely with mass effect . The presence of multiple lesions and perilesional

edema is more common in patients with IRIS than at initial TBM presentation . Presentations localizing to the spinal

cord should trigger spine imaging to diagnose radiculomyelitis or epidural abscess .

While neurologic worsening after ART-initiation in a patient being treated for TBM is strongly indicative of CNS-TB-IRIS,

several other conditions should be considered. When CSF culture or molecular diagnostics are positive, it is important to

rule out drug-resistant TB, which can occur in more than 10% of TBM cases and is associated with poor outcome .

Cryptococcal meningitis, toxoplasmosis, CMV encephalitis, HIV encephalopathy or progressive multi-focal

leukoencephalopathy may be present as co-infections with TBM and may be unmasked due to ART .

2.2. Pathogenesis of CNS-TB-IRIS

Although the immunopathogensis of TB-IRIS in the CNS is likely to mirror that of IRIS outside of the CNS, there are

important differences. Many TBM-IRIS associated cytokines, chemokines, and mediators involved in neutrophil response

or inflammasome activation are found in the CSF of TBM-IRIS patients in high concentrations, but blood concentrations

do not differ significantly between TBM patients with and without IRIS, suggesting a highly compartmentalized

inflammatory response . Despite this divergence in apparent inflammatory response, transcriptional profiling has shown

expression of similar genes in the blood and CSF , thus gene expression does not explain the difference between CNS

and peripheral immune responses. Transcripts associated with neutrophil response and both canonical and non-canonical

inflammasomes are found at higher concentrations in the blood of patients with TBM-IRIS than in TBM patients without

IRIS. S100 A8/A9 (unlike other inflammatory mediators) is elevated in TBM-IRIS even after controlling for baseline culture

positivity, which is an independent risk factor for the development of TBM-IRIS .

This understanding of the immunopathology of TBM-IRIS has encouraged efforts to better predict which TBM patients will

go on to develop IRIS. As in extra-meningeal TB-IRIS, high viral load and low CD4 T cell count at initial presentation

remain risk factors. Further, at TBM diagnosis, increased CSF neutrophil counts (AUC 0.72, 95% CI 0.54–0.90) and CSF

culture-positivity (RR 9.3, 95%CI 1.4–62.2) predict future development of paradoxical TBM-IRIS . One model also

found high CSF TNF-α and low IFN-γ at TBM diagnosis to be predictive (AUC 0.91, 95%CI 0.53–0.99) of CNS-TB-IRIS

. Marais et al. have also used transcriptional analysis to predict IRIS development in TBM, with specific elevation in

transcripts associated with neutrophil activation, especially matrix metalloproteinases . These predictors have yet to be

validated but show promise in future efforts to tailor both ART timing and immunomodulatory therapies to those patients at

most risk of CNS-TB-IRIS.

2.3. Prevention of CNS-TB-IRIS

Protocols for prevention of IRIS are where TBM-IRIS differs most from other forms of TB-IRIS. Unlike in extra-meningeal

TB, the high morbidity and mortality of CNS-TB-IRIS makes the risk of IRIS related to early ART initiation higher than the

risk of developing additional infections related to delaying ART. The American Thoracic Society and Centers for Disease

Control recommend delaying ART initiation until 8 weeks after ATT initiation , and other expert opinions recommend at

least waiting several weeks from ATT initiation, irrespective of CD4 count . Randomized, controlled trial evidence for

this recommendation is provided by a Vietnamese study that showed initiating ART within one week was associated with a

significant increase in grade 4 adverse events . U.S. CDC guidelines also recommend 8 weeks of adjunctive

corticosteroids with ATT based on a Cochrane metanalysis demonstrating reduced mortality when adding corticosteroids

(RR 0.75, 95% CI 0.65 to 0.87) . The rationale for adjunctive steroids is the dampening of pathologic immune

responses, of which IRIS is one. This review, however, included only one study with HIV-positive patients (n = 98), and

therefore was not able to definitively conclude whether mortality was improved in this subpopulation (RR 0.90, 95%CI

0.67 to 1.20), or to assess incidence of IRIS . There is concern that corticosteroids may in fact lead to poor outcomes in

TBM in persons with HIV and an ongoing clinical trial will provide a more definitive answer this question (NCT03092817).

Several trials are currently underway to assess intensified antitubercular therapy. Given the association between

inadequate mycobacterial killing and TBM-IRIS, these regimens may have an impact on IRIS prevention although whether

they will improve TBM outcomes (their goal), let alone prevent IRIS, is unclear . One trial of intensified ATT in TBM

published thus far did not improve outcomes overall or in HIV infected subjects specifically—IRIS was not specifically

reported on .

2.4. Management of CNS-TB-IRIS

While many immunomodulating therapies have been tried with some success in treating CNS-TB-IRIS once it has

developed, high-quality evidence is lacking. In fact, many therapeutic trials for TB-IRIS specifically exclude patients with

CNS-TB IRIS . In one observational study, 18 of 21 patients receiving corticosteroids for CNS-TB-IRIS showed initial
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improvement (median 10 days after administration) . Prednisone (1.5mg/kg/day) did not prevent TBM-IRIS in a non-

controlled cohort of 34 TBM patients, and dose-increase or restarting of prednisone at IRIS diagnosis decreased the

concentration of only two inflammatory mediators (G-CSF, IL-37), while other markers of inflammation remained elevated

from ART initiation . This previously-noted finding of limited CNS impact of corticosteroids  is in contrast to non-CNS

TB-IRIS, where the peripheral immune response is modulated by corticosteroid administration . This differential

corticosteroid response suggests that more potent or focused immunomodulating therapy might be necessary for TBM-

IRIS, whether due to differences in the immune response to CNS TB, or to challenges in reaching adequate CSF

concentrations. Several case reports have reported success treating severe cases of CNS-TB-IRIS with TNF-α inhibitors

such as infliximab and adalimumab, generally after failure of corticosteroids [ . Thalidomide has been used with

some effect for treatment of otherwise intractable intracranial tuberculomas . However, given thalidomide’s

teratogenicity, and the early stoppage of a randomized trial in pediatric TBM due to adverse events in the Thalidomide

group , it should be reserved for severe cases that are refractory to corticosteroids .

3. Conclusions and Future Directions

TB-IRIS in all forms causes significant morbidity and mortality in persons with HIV/TB coinfection and requires special

focus given its partially iatrogenic nature. While significant strides have been made recently, both in the realms of

immunology to better understand pathogenesis, and in clinical trials to better optimize prevention and treatment

strategies, we are still lacking the knowledge we need to avoid poor outcomes of TB-IRIS—particularly in IRIS related to

TBM. As the arsenal of targeted immunosuppressive medications expands, there is newfound opportunity to target our

treatments of TB-IRIS to its known immunologic mediators, such as IL-6 or the inflammasome. This will require continued

research to better characterize the immune response, as well as rigorous trials to demonstrate improved efficacy and

decreased side effects compared to corticosteroids.

Unmasking TB-IRIS remains incompletely described and its prevention will require improved TB detection at ART

initiation. As availability of ART and implementation of HIV test and treat continues to increase, ability to rapidly rule out

TB coinfection is important. Continued research to identify IRIS biomarkers is of particular importance in unmasking IRIS

given its diagnostic challenges.

TB-IRIS in the CNS must be a priority for further research given its high mortality. CSF laboratory tests have been shown

to predict TBM-IRIS development, which opens an avenue for targeting advanced immunosuppressants or intensified TB

treatment to those at highest risk, but such approaches require clinical trials. Given the localized disease characteristic of

CNS-TB-IRIS, it is possible that unique immune-targeted therapies might be beneficial for CNS-TB-IRIS compared to

disease outside of the nervous system.
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