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immunitaire/Aggravations paradoxales quoi 
de neuf en :
– Définitions
– Epidémiologie
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– Traitement



Ce que l’on sait déjà 

to Mycobacterium tuberculosis (Mtb) antigens, under-
lies this condition although the pathophysiology is
incompletely understood.

In a systematic review, Namale et al. [2] collated
studies published before 3 May 2014 reporting inci-
dence, clinical features, management and outcomes
of paradoxical TB-IRIS, including 40 studies, 7789
patients at risk and 1048 TB-IRIS cases. Studies were
from Africa, Asia, Europe, North and South America.
Here, we discuss key findings in subsequently pub-
lished literature, on TB-IRIS epidemiology, out-
comes, management, prevention, diagnosis and
pathogenesis. We focus on paradoxical TB-IRIS,
the most common form of HIV-associated IRIS
and most frequently studied. Unmasking TB-IRIS
is discussed in a separate section. Knowledge to date,
with reference to key review articles and recent
original research articles, is summarized in Table 1
[2,3&,4–6,7&,8,9,10&,11,12&&].

KEY POINTS

! The incidence of paradoxical TB-IRIS is estimated at
18% (95% CI 16–21%) and may be over 50% in
high-risk groups.

! A specific diagnostic test for TB-IRIS is lacking and
diagnosis remains a major challenge, especially in
low-resource settings.

! Prednisone initiated alongside ART in patients with
CD4 count less than 100 cells/ml reduced the risk of
paradoxical TB-IRIS by 30% in a recent RCT, offering
a preventive strategy for selected patients.

! High antigen burden and innate immune mechanisms,
including cytotoxic activity, inflammasome activation
and matrix metalloproteinases, appear to contribute to
TB-IRIS pathogenesis.

Table 1. Paradoxical tuberculosis-associated immune reconstitution inflammatory syndrome – knowledge summary

Knowledge summary Key references

Incidence Adults overall: 18% (95% CI 16–21%), with a range of 4–54%; higher rates
in patients with lower CD4 counts (up to 57% in patients with CD4 count
<200 cells/ml).

Reviewed in [2]
Recent cohort described

in [3&]

South African children: 6.7% reported in a recent prospective study [4]

Risk factors Low CD4 count at ART initiation;
High HIV viral load at ART initiation

Reviewed in [2]

Shorter time between TB treatment initiation and ART initiation Meta-analyses reported
in [5,6]

Disseminated TB/high mycobacterial load. [3&,7&]

Clinical presentation Systemic, pulmonary and lymph node presentations most common Reviewed in [2]

In a recent study, median days to symptom onset reported as 6 (range 1–23) [3&]

Mortality All-cause mortality rate of 7% (95% CI 4–11%) and IRIS-attributable deaths of
2% (95% CI 1–3%)

Reviewed in [2]

Higher mortality in CNS TB-IRIS Reviewed in [8]

Pathogenesis Innate immune cell activation, including neutrophils, monocytes and NK cells;
Antigen-specific upregulation of cytotoxic mediators
Inflammasome activation;
Hypercytokinaemia (including IL-1b, IL-6 and TNF-a) and MMP upregulation/

secretion

Reviewed in [9]; see
also, [3&,7&,10&]

Treatment Prednisone (1.5 mg/kg for 2 weeks followed by 0.75 mg/kg for 2 weeks) for
treatment of paradoxical TB-IRIS reduced length of hospital admission and
number of therapeutic procedures required, and improved symptoms in
paradoxical TB-IRIS

Randomized-controlled
trial reported in [11]

Consensus is not to stop ART, but to investigate fully for alternative causes, and
provide symptomatic treatment

Reviewed in [9]

Prevention Prednisone (40 mg daily for 2 weeks, followed by 20 mg daily for 2 weeks)
from ART initiation reduces the risk of future paradoxical TB-IRIS by 30%

[12&&]

Do not delay ART initiation beyond 2 weeks after TB treatment initiation in
patients with CD4 count <50 cells/mm3, unless CNS TB diagnosed (then
delay 4–8 weeks). Early ART improves survival in patients with CD4<50
cells/mm3 even though it increases TB-IRIS risk > two-fold

Meta-analyses reported
in [5,6]

The tuberculosis-associated immune reconstitution inflammatory syndrome Walker et al.
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Définitions
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respectively, when the minor INSHI criteria were replaced with objective measures such as
an elevation of C-reactive protein (CRP) levels and fever [41]. While the case definition for
paradoxical TB-IRIS is extensively defined, validated and widely used, the definition of un-
masking TB-IRIS remains uncertain due to a hazy delineation of the necessary inflammatory
components [37].
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the disease progression of HIV by augmenting the replication and expansion of reservoir 
sites [5,9]. 

Wider access to anti-retroviral therapy (ART) has been pivotal in the fight against 
HIV and TB syndemics in regions badly hit by these infections. The ART roll-out has been 
reported to lower the risk of acquiring TB by about 58–80% and lower the TB mortality 
among PLWH [10]. However, on the negative side, PLWH starting on ART are at risk of 
developing TB-associated immune reconstitution inflammatory syndrome (TB-IRIS) [11–
15]. The immunological mechanism underlying this acute inflammatory complication in-
cludes the rapid restoration of immune responses following ART, eventually leading to 
exaggerated inflammatory responses to MTB antigens [11]. 

Studies have demonstrated higher incidence of TB-IRIS among PLWH with a low 
CD4+ T cell count at the baseline [11,16–20]. Before the World Health Organization (WHO) 
released the “Test and Treat” policy in 2005, the median CD4+ T cell counts at the time of 
ART initiation in African and Asian countries had always been lower [21–26]. Although 
all PLWH in India are eligible to start ART based on the “Test and Treat” policy intro-
duced in 2017, only about 49% of Indian PLWH are estimated to be on ART [26]. Cohort 
studies from low and middle income countries) including India and African countries 
have reported incidence rates of TB-IRIS as high as 19 to 57% [11,17,27,28].  

2. TB-IRIS: Types and Definitions 
Numerous opportunistic infections (OIs) including mycobacterial, fungal, viral and 

parasitic infections are associated with IRIS. Fungal infections such as cryptococcosis, 
pneumocystis pneumonia, histoplasmosis, and viral infections including herpes simplex 
virus, herpes zoster virus, hepatitis B and C virus as well as parasitic infections such as 
strongyloidiasis and toxoplasmosis are commonly associated with IRIS [29]. Of those in-
fections associated with IRIS, tuberculosis, being the most common OI, remains the most 
common form of IRIS [30,31]. Shortly after the initiation of ART, some PLWH with active 
TB present with strong immune activation resulting in new or recurrent TB symptoms 
referred to as paradoxical TB-IRIS [11,32]. Paradoxical TB-IRIS usually develops during 
the first four weeks of ART and generally gives rise to an elevation of TB symptoms such 
as a new infiltrate, serous effusions, worsening of existing lesions, and soft tissue ab-
scesses [33]. This complicates the therapeutic management of HIV-associated TB in about 
18% of cases, thereby causing substantial morbidity with about 25% requiring hospitali-
zation [11,34]. The other form of IRIS, i.e., the unmasking TB-IRIS, is a subcategory of 
ART-associated TB observed in patients with undiagnosed or subclinical TB before the 
initiation of ART. Unmasking TB-IRIS refers to the scenario wherein a subclinical TB in-
fection remains undiagnosed until ART-induced immune reconstitution elicits an exag-
gerated presentation of the disease [35,36]. Unmasking TB-IRIS usually occurs within 
three months of starting ART with high levels of clinical manifestations including lym-
phadenitis, abscess, and respiratory failure [37] (please see Figure 1). 

 

Figure 1. Schematic representation of HIV/TB-immune reconstitution inflammatory disease. Fol-
lowing the initiation of anti-retroviral treatment (ART), some individuals with HIV and active TB
disease display strong immune activation resulting in new or recurrent TB symptoms referred to as
paradoxical TB-IRIS [11,32]. Paradoxical TB-IRIS usually develops during the first four weeks of ART
and results in the flaring up of TB symptoms such as a new infiltrate, serous effusions, worsening
of existing lesions, and soft tissue abscesses [33]. Unmasking TB-IRIS represents a subcategory of
ART-associated TB observed in patients with undiagnosed or subclinical TB before initiation of ART.
In unmasking TB-IRIS, a subclinical TB infection remains undiagnosed until ART-induced immune
reconstitution elicits an exaggerated presentation of the disease [35,36]. Unmasking TB-IRIS usually
occurs within three months of starting ART with high levels of clinical manifestations including
lymphadenitis, abscess, and respiratory failure [37].

3. Incidence and Risk Factors
Studies from Africa and India have documented rates of incidence of paradoxical

TB-IRIS among the adult population of PLWH ranging from 7 to 54%, with higher incidence
among those with low CD4+ T cell counts [14,17,27] (Table 1). An incidence of 6.7% was
found in a prospective cohort study of South African children starting ART while receiving
TB therapy, suggesting a significantly lower burden of paradoxical TB-IRIS [42]. Numerous
studies including randomized clinical trials have highlighted the association of low baseline
CD4+ T cell counts, a high viral load at the time of initiation of ART, a shorter interval
between TB treatment and ART initiation, and a high mycobacterial burden with the
increased risk of paradoxical TB-IRIS [14,34,36,43]. Findings from a randomized clinical
trial showed that the paradoxical TB-IRIS was more frequent among PLWH with early ART
initiation than those initiating later [44].

Table 1. Frequency of occurrence of TB-IRIS among HIV/TB co-infected population in studies from
different countries.

Author and Year of Publication Country Frequency (%)

Haddow, L.J., 2012 [45] South Africa 13.7

Achenbach. C.J., 2012 [46] USA 16

Limmahakhun, S., 2012 [47] Thailand 6.1

Worodria, W., 2012 [48] Uganda 20.9

Vignesh pathogens 2023



Aggravations paradoxales de la tuberculose

• Connue chez l’immunocompétent depuis l’avènement des traitements 
efficaces (Choremis CB,  Am. Rev. Tuberc., 1955)

• Evolution spontanée des tuberculoses ganglionnaires: Ecrouelles  et 
« pouvoir du Roi »

• 1950: premières descriptions avec les traitements 
antituberculeux actifs (Choremis CB,  Am. Rev. Tuberc., 1955)

• 1996: redécouvert dans contexte VIH avec l’arrivée des antirétroviraux 
efficaces (HAART)

– AZT et M avium (French, AIDS 1992)
– Criteres diagnostiques (French AIDS 2004)
– Definitions roupe d’expert international ISHNIH (Meintjes ,LID 2008)

– 2004- descriptions d’IRIS en dehors du VIH



Critères diagnostiques de l’IRIS VIH 

• Critères majeurs
– Présentation atypique d’une maladie opportuniste chez un patient 

répondeur au TARV
– Décroissance de la charge virale > 1 log 10copies /ml

• Critères mineurs
– Augmentation des CD4 après mise sous TARV
– Augmentation de la réponse immune spécifique au pathogène ( ex. 

IDR)
– Résolution spontanée sans traitement spécifique et  poursuite du 

TARV.
 

French M, AIDS 2004



Les principaux acteurs

Une immunodépression réversible
+

Une pathologie intercurrente avec « symptômes 
immunologiques »

+
Une restauration de l’immunité

=
IRIS



Les principaux acteurs:
Une immunodépression réversible

• Physiologique 
– Grossesse 

• Iatrogène
– Neutropénie  sous chimiothérapies  
– Immunosuppresseurs: 

• Transplantation
• Stéroïdes 
• Biothérapies ciblées

• Infectieuse
– VIH
– Mycobacterium tuberculosis, leprae (Sd de reversion?)
– Cryptococcus neoformans
– Tropheryma whipplei…



Les principaux acteurs:
une restauration immunitaire

• Physiologiques 
– Accouchement

• Iatrogènes
– Arret des immunosuppresseurs
– ARV

• Infectieuses
– Traitement des infections
– ARV

Détermine le délai d’apparition des symptômes d’IRIS:
• Accouchement : 4j post partum
• Arret des anti-TNF: selon molécule 3 à 6 semaines
• HAART 1 à 3 semaines (voire H12)



IRIS en dehors du VIH

• TB disséminée:
– facteurs de risques: 

• TB disséminée
• Lymphopénie initiale

– présentation: 
• J 45
• IDR phlycténulaire
• Granulomes

• Grossesse:
– Cheng et al: 29 cas de 

détérioration clinique de TB  
au 4e j postpartum (1-30) : 
méningite, miliaire

– Méca? Rupture de tolérance 
à l’accouchement?

• R Réversion lèpre?
– Gènes de susceptibilités dans 

la voie d’activation du TNF-α
– Ac anti-PGL-Tb1 (Lagrange PH)

• Sorties d’aplasie, GCSF, TO…
– Candidoses disséminées chroniques 

sous GCSF (Chandesris, JMII 2010)
– IRIS post Cryptococose post T rénale 

(Singh N, CID 2006) associé à rejet du 
greffon 

– Aspergilloses de sortie d’aplasie 
(Miceli M, Cancer 2007)

– Candidoses disséminées chroniques 
(F Legrand, CID 2008) necessitant 
corticotherapie systemique

– Cryptococcose  a arret de corticoides 
(Narayanan,  IJID 2011)

• Arret des anti TNF



Ce que l’on sait déjà: épidemiologie 

to Mycobacterium tuberculosis (Mtb) antigens, under-
lies this condition although the pathophysiology is
incompletely understood.

In a systematic review, Namale et al. [2] collated
studies published before 3 May 2014 reporting inci-
dence, clinical features, management and outcomes
of paradoxical TB-IRIS, including 40 studies, 7789
patients at risk and 1048 TB-IRIS cases. Studies were
from Africa, Asia, Europe, North and South America.
Here, we discuss key findings in subsequently pub-
lished literature, on TB-IRIS epidemiology, out-
comes, management, prevention, diagnosis and
pathogenesis. We focus on paradoxical TB-IRIS,
the most common form of HIV-associated IRIS
and most frequently studied. Unmasking TB-IRIS
is discussed in a separate section. Knowledge to date,
with reference to key review articles and recent
original research articles, is summarized in Table 1
[2,3&,4–6,7&,8,9,10&,11,12&&].

KEY POINTS

! The incidence of paradoxical TB-IRIS is estimated at
18% (95% CI 16–21%) and may be over 50% in
high-risk groups.

! A specific diagnostic test for TB-IRIS is lacking and
diagnosis remains a major challenge, especially in
low-resource settings.

! Prednisone initiated alongside ART in patients with
CD4 count less than 100 cells/ml reduced the risk of
paradoxical TB-IRIS by 30% in a recent RCT, offering
a preventive strategy for selected patients.

! High antigen burden and innate immune mechanisms,
including cytotoxic activity, inflammasome activation
and matrix metalloproteinases, appear to contribute to
TB-IRIS pathogenesis.

Table 1. Paradoxical tuberculosis-associated immune reconstitution inflammatory syndrome – knowledge summary

Knowledge summary Key references

Incidence Adults overall: 18% (95% CI 16–21%), with a range of 4–54%; higher rates
in patients with lower CD4 counts (up to 57% in patients with CD4 count
<200 cells/ml).

Reviewed in [2]
Recent cohort described

in [3&]

South African children: 6.7% reported in a recent prospective study [4]

Risk factors Low CD4 count at ART initiation;
High HIV viral load at ART initiation

Reviewed in [2]

Shorter time between TB treatment initiation and ART initiation Meta-analyses reported
in [5,6]

Disseminated TB/high mycobacterial load. [3&,7&]

Clinical presentation Systemic, pulmonary and lymph node presentations most common Reviewed in [2]

In a recent study, median days to symptom onset reported as 6 (range 1–23) [3&]

Mortality All-cause mortality rate of 7% (95% CI 4–11%) and IRIS-attributable deaths of
2% (95% CI 1–3%)

Reviewed in [2]

Higher mortality in CNS TB-IRIS Reviewed in [8]

Pathogenesis Innate immune cell activation, including neutrophils, monocytes and NK cells;
Antigen-specific upregulation of cytotoxic mediators
Inflammasome activation;
Hypercytokinaemia (including IL-1b, IL-6 and TNF-a) and MMP upregulation/

secretion

Reviewed in [9]; see
also, [3&,7&,10&]

Treatment Prednisone (1.5 mg/kg for 2 weeks followed by 0.75 mg/kg for 2 weeks) for
treatment of paradoxical TB-IRIS reduced length of hospital admission and
number of therapeutic procedures required, and improved symptoms in
paradoxical TB-IRIS

Randomized-controlled
trial reported in [11]

Consensus is not to stop ART, but to investigate fully for alternative causes, and
provide symptomatic treatment

Reviewed in [9]

Prevention Prednisone (40 mg daily for 2 weeks, followed by 20 mg daily for 2 weeks)
from ART initiation reduces the risk of future paradoxical TB-IRIS by 30%

[12&&]

Do not delay ART initiation beyond 2 weeks after TB treatment initiation in
patients with CD4 count <50 cells/mm3, unless CNS TB diagnosed (then
delay 4–8 weeks). Early ART improves survival in patients with CD4<50
cells/mm3 even though it increases TB-IRIS risk > two-fold

Meta-analyses reported
in [5,6]

The tuberculosis-associated immune reconstitution inflammatory syndrome Walker et al.
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Epidémiologie: rôle des INSTI?
Etude Cas-contrôle retrospective

A strength of our study is that we included patients
with more profound immunosuppression (about 40% of
studied patients had a baseline CD4 count <50 μL).

Our study also has several limitations. First, the study
was observational and retrospective. Underreporting of
TB-IRIS, especially the less severe cases, could not be
excluded. Second, a physician-based case definition of
TB-IRIS was used, and similar to IRIS associated with
other opportunistic infections or illnesses, a confirmatory
laboratory test was lacking. On the other hand, the diag-
nosis of TB-IRIS by the attending physicians in our study
was basically in line with previously published definitions

in similar observational studies under field settings. In
addition, as mentioned in the Results section, a sensitivity
analysis restricted to patients with a documented rise in
CD4 count showed a similar lack of increased risk of TB-
IRIS with INSTIs compared with non-INSTIs, lending con-
fidence to the use of a physician-based case definition.
Third, although our study was adequately powered to
detect the difference in TB-IRIS risk between the INSTI
and non-INSTI groups (our primary objective), our study
was not adequately powered to detect the difference in TB
treatment outcome between the two groups (our second-
ary objective). Fourth, as INSTIs may theoretically confer

TABLE 2 Mode of presentation of TB-IRIS between patients receiving INSTIs or non-INSTIs.

Variable
Patients on INSTI-
containing regimen

Patients on non-
INSTI-containing
regimen All patients p value

Number (%) of patients with TB-IRIS 16/70 (22.9)
[95% CI 13.0–32.7]

14/63 (22.2)
[95% CI 12.0–32.5]

30/133 (22.6)
[95% CI 15.5–29.7]

0.920

Presenting symptoms/signs at the time of TB-IRISa

Fever 7/16 (43.8) 10/14 (71.4) 17/30 (56.7) 0.127

Abdominal pain 1 /16 (6.3) 3/14 (21.4) 4/30 (13.3) 0.315

New or worsening lymphadenopathy,
peripheral

2/16 (12.5) 5/14 (35.7) 7/30 (23.3) 0.204

New or worsening lymphadenopathy,
Abdominal/mediastinal

3/16 (18.8) 2/14 (14.3) 5/30 (16.7) 1.000

New or worsening signs on chest
radiograph

8/16 (50.0) 3/14 (21.4) 11/30 (36.7) 0.106

CNS symptoms 2/16 (12.5) 1/14 (7.1) 3/30 (10.0) 1.000

Others 3/16 (18.8) 1/14 (7.1) 4/30 (13.3) 0.602

Weeks between ART initiation and TB-IRISb 3 (2–7.8) 4 (2–5.1) 4 (2–6.6) 0.620

CD4 count (/μL) at TB-IRISc 158 (115–288) 128 (101–221.5) 135.5 (105.25–247.75) 0.534

Increase in CD4 count (/μL) at occurrence of
TB-IRIS vs. baselined,e

111 (65–235) 98 (65–138.5) 106 (65–166) 0.305

Withholding of ARTf 2/16 (12.5) 4/13 (30.8) 6/29 (20.7) 0.227

TB-IRIS requiring treatment with
corticosteroids

12/16 (75.0) 9/14 (64.3) 21/30 (70.0) 0.523

TB-IRIS requiring hospitalization 12/16 (75.0) 13/14 (92.9) 25/30 (83.3) 0.190

Death from TB-IRIS 0/16 (0) 0/14 (0) 0/30 (0) -

Note: Data are presented as n (%) or median (interquartile range) unless otherwise indicated.
Abbreviations: ART, antiretroviral therapy; CNS, central nervous system; INSTI, integrase inhibitors; IRIS, immune reconstitution inflammatory syndrome;
TB, tuberculosis.
aSome patients had more than one presenting symptom/sign at the time of TB-IRIS.
bExact interval between TB-IRIS and ART initiation not known in one patient with IRIS from the non-INSTI group.
cInformation on CD4 count at TB-IRIS available in 15 of 16 (93.8%) patients receiving INSTIs and in 13 of 14 (92.9%) patients receiving non-INSTIs who
experienced TB-IRIS.
dAmong 15 patients receiving INSTIs and 12 receiving non-INSTIs with a rise in CD4 count from baseline to the occurrence of TB-IRIS; one patient with IRIS
from the non-INSTI group had a decrease of CD4 count after ART initiation; information on change in CD4 count after ART initiation compared with baseline
was not available for one patient with IRIS from each arm.
eCorresponded to a 3.2-fold and 3.1-fold increase in CD4 count at the occurrence of TB-IRIS compared with baseline among patients receiving INSTIs and non-
INSTIs, respectively.
fInformation on withholding of ART was available for all 16 (100%) patients receiving INSTIs and 13 of 14 (92.9%) patients receiving non-INSTIs who
experienced TB-IRIS.
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Epidémiologie: rôle des INSTI? 
Reflate TB ANRS 
Table 1. Participant Characteristics by TB-IRIS Occurrence

Na
TB-IRIS

Na
No TB-IRIS

Na
Total

PN = 48 N = 405 N = 453

Antiretroviral treatment, n (%) … … … … … .12
Efavirenz … 29 (60.4) … 196 (48.4) … 225 (49.7)
Raltegravir … 19 (39.6) … 209 (51.6) … 228 (50.3)

Country, n (%) … … … … … … .009
Ivory Coast … 17 (35.4) … 153 (37.8) … 170 (37.5)
Brazil … 5 (10.4) … 38 (9.4) … 43 (9.5)
Vietnam … 20 (41.7) … 91 (22.5) … 111 (24.5)
Mozambique … 6 (12.5) … 123 (30.4) … 129 (28.5)

Baseline variables
Age, y … 33.4 (29.0–42.8) … 35.3 (28.9–42.9) … 35.3 (28.9–42.9) 1.00
Female sex, n (%) … 15 (31.3) … 166 (41.0) … 181 (40.0) .19
BMI (kg/m2), median (IQR) 47 17.9 (16.9–19.8) 404 19.2 (17.6–21.2) 451 19.1 (17.5–21.0) .007
Hemoglobin (g/dL), median (IQR) … 10.0 (8.2–11.1) … 9.8 (8.5–11.3) … 9.8 (8.5–11.3) .54
CD4+ T-cell counts (cells/mm3)

Median (IQR) … 55.0 (25.0–98.5) 404 114.5 (42.0–249.5) 452 102.0 (37.5–238.5) <.001
≤ 50, n (%) … 22 (45.8) 404 130 (32.2) 452 152 (33.6) <.001
51–100, n (%) … 14 (29.2) 404 58 (14.4) 452 72 (15.9)
101–200, n (%) … 8 (16.7) 404 78 (19.3) 452 86 (19.0)
> 200, n (%) … 4 (8.3) 404 138 (34.2) 452 142 (31.4)

HIV-1 RNA (copies/mL)
Log10, median (IQR) 47 5.8 (5.5–6.1) 403 5.4 (5.0–5.8) 450 5.5 (5.0–5.8) < .001
< 100,000, n (%) 47 2 (4.3) 403 111 (27.5) 450 113 (25.1) < .001
100 000–499,999, n (%) 47 15 (31.9) 403 166 (41.2) 450 181 (40.2)
≥ 500,000, n(%) 47 30 (63.8) 403 126 (31.3) 450 156 (34.7)

TB anatomical site at baseline, n (%)
Pulmonary only … 25 (52.1) … 287 (70.9) … 312 (68.9) .008
Extrapulmonary with or without concomitant pulmonary TB … 23 (47.9) … 118 (29.1) … 141 (31.1)

Bacteriologically confirmed TB, n (%) 47 37 (78.7) 401 270 (67.3) 448 307 (68.5) .11
Smear microscopy positive for acid-fast bacilli 47 23 (48.9) 397 183 (46.1) 444 206 (46.4) .71
Xpert MTB/RIF test positive 46 29 (63.0) 384 237 (61.7) 430 266 (61.9) .86
Culture positive for Mycobacterium tuberculosis 47 27 (57.4) 391 199 (50.9) 438 226 (51.6) .40
Days on TB treatment at ART initiation, median (IQR) … 20.5 (15.0–29.0) … 20.0 (15.0–27.0) … 20.0 (15.0–27.0) 0. 75

Laboratorial results during follow-up
Plasma HIV-1 RNA < 50, n (%)

At week 4 42 2 (4.8) 396 63 (15.9) 438 65 (14.8) .03
At week 12 43 10 (23.3) 378 206 (54.5) 421 216 (51.3) <.001
At week 24 … 21 (43.8) … 247 (61.0) … 268 (59.2) .02
At week 48 … 25 (52.1) … 264 (65.2) … 289 (63.8) .07

HIV-1 RNA variation from baseline (log 10), median (IQR)
At week 4 41 −2.9 (−3.4 - −2.3) 394 −2.8 (−3.3 - −2.3) 435 −2.8 (−3.3 - −2.3) .99
At week 12 42 −3.6 (−4.1 - −1.9) 376 −3.6 (−4.0 - −3.0) 418 −3.6 (−4.0 - −3.0) .70

CD4 variation from baseline (/mm³), median (IQR)
At week 4 41 70.0 (37.0–117.0) 395 84.0 (21.0–152.0) 436 81.0 (24.0–149.5) .72
At week 12 43 129.0 (40.0–184.0) 378 111.0 (48.0–196.0) 421 113.0 (47.0–193.0) .79

ART adherence during follow-up
Pill count adherence ratio W0-W24 ≥ 95% … 32 (71.1) … 289 (72.4) … 321 (72.3) .44
TB treatment outcome
Cure: bacteriologically confirmed PTB smear and culture negative 

twice
… 23 (47.9) … 209 (51.7) … 232 (51.3) .62

Treatment completed: treatment completed and no criteria for cure 
or failure

… 16 (33.3) … 161 (39.9) … 177 (39.2) .38

Treatment failure: smear or culture positive at 5 mo or later … 1 (2.1) … 5 (1.2) … 6 (1.3)
Died for any reason during TB treatmentb … 6 (12.5) 404 16 (4.0) 452 22 (4.9)

Data are n (%) or median (IQR).  

ART, antiretroviral therapy; BMI, body mass index; IQR, interquartile range; TB, tuberculosis; TB-IRIS, tuberculosis-associated immune reconstitution inflammatory syndrome; W0, week 0; 
W24, week 24.  
aN when missing data.  
b22 of the 26 persons who died during the 48 weeks of follow-up in the Reflate TB2 trial died before the end of TB treatment. Overall causes of death in the trial up to W48 are reported in 
Supplementary Table 1.
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Table 1. Participant Characteristics by TB-IRIS Occurrence

Na
TB-IRIS

Na
No TB-IRIS

Na
Total

PN = 48 N = 405 N = 453

Antiretroviral treatment, n (%) … … … … … .12
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Age, y … 33.4 (29.0–42.8) … 35.3 (28.9–42.9) … 35.3 (28.9–42.9) 1.00
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51–100, n (%) … 14 (29.2) 404 58 (14.4) 452 72 (15.9)
101–200, n (%) … 8 (16.7) 404 78 (19.3) 452 86 (19.0)
> 200, n (%) … 4 (8.3) 404 138 (34.2) 452 142 (31.4)

HIV-1 RNA (copies/mL)
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At week 12 43 129.0 (40.0–184.0) 378 111.0 (48.0–196.0) 421 113.0 (47.0–193.0) .79
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Cure: bacteriologically confirmed PTB smear and culture negative 
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… 23 (47.9) … 209 (51.7) … 232 (51.3) .62

Treatment completed: treatment completed and no criteria for cure 
or failure

… 16 (33.3) … 161 (39.9) … 177 (39.2) .38

Treatment failure: smear or culture positive at 5 mo or later … 1 (2.1) … 5 (1.2) … 6 (1.3)
Died for any reason during TB treatmentb … 6 (12.5) 404 16 (4.0) 452 22 (4.9)

Data are n (%) or median (IQR).  

ART, antiretroviral therapy; BMI, body mass index; IQR, interquartile range; TB, tuberculosis; TB-IRIS, tuberculosis-associated immune reconstitution inflammatory syndrome; W0, week 0; 
W24, week 24.  
aN when missing data.  
b22 of the 26 persons who died during the 48 weeks of follow-up in the Reflate TB2 trial died before the end of TB treatment. Overall causes of death in the trial up to W48 are reported in 
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Conclusions
Overall, this retrospective case control study highlights
the known association between HIV and PR during TB
treatment. It did not succeed in identifying any clear
additional positive or negative risk factors apart from
possible mycobacterial burden and non-HIV immuno-
suppression; or confirm previous blood parameters from
smaller studies. This demonstrates the difficulties in pre-
dicting PR using routinely available demographic details,

clinical symptoms or biochemical markers. It also high-
lights the apparent frequency of PR when it occurs at
visibly apparent sites such as peripheral lymph nodes.
To determine whether PR risk stratification, based on
easy to measure variables at initial presentation is pos-
sible, greater numbers of prospectively-gathered PR
cases need to be assessed. A positive result would enable
people at highest risk to be monitored carefully, with ap-
propriate therapy started to treat, or even prevent PR.
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Table 4 Multivariate analysis of factors associated with
development of PR: results from conditional logistic regression
model
Variable Odds ratio

(95 % CI)
P value

Age 0.98 (0.95–1.02)
per increasing
year

0.409

Sex 0.57 (0.19–1.67)
for females

0.302

Site Chest 1.00 –

Abdominal 8.11 (0.18–356.01) –

Brain 2.22 (0.22–23.30) –

Peripheral lymph
nodes

64.33 (9.60–431.25) –

Other or mixed sites 1.23 (0.41–3.74) <0.001

HIV Status Negative 1.00 –

Positive 5.05 (1.28–19.85) –

Not recorded 0.50 (0.02–14.97) 0.028

Immunosuppression No 1.00 –

Yes 0.01 (0.00–0.27) –

Not recorded 0.13 (0.00–0.90) 0.002

Tobacco use No 1.00 –

Yes 0.71 (0.17–2.85) –

Not recorded 3.36 (0.39–21.04) 0.462

Alcohol use No 1.00 –

Yes 0.21 (0.04–1.01) –

Not recorded 0.01 (0.01–0.56) 0.009

ESRa Mean (mm/h) Could not fit
within model

–

TB Diagnosis % NAAT negative 1.00 –

% NAAT positive 1.23 (0.11–12.63) –

% NAAT not
performed

0.10 (0.01–1.11) 0.009

% culture negative 1.00 –

% culture positive 6.87 (1.31–36.04) –

% culture not
performed

3.81 (0.66–22.14) 0.045

aESR was only performed on a limited number of patients (n = 139, only 97 of
which could be used for case control analysis): it was unable to be included in
the model due to small numbers. In univariate analysis a 1-log increase in ESR
was associated with a 4.43 increased odds of developing PR (95 % CI 1.30–15.1);
this increased to 4.78 (1.29–17.72) when adjusted for HIV status
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The association with HIV was confirmed in multivari-
ate analysis, where the odds ratio of developing PR were
5.05 (95 % CI 1.28–19.85, p = 0.028) compared to those
without known HIV infection.
Lymph node disease was associated with a 64.33-fold

increased odds of having a PR event (95 % CI 9.60–
431.25, p < 0.001). A positive TB culture increased the
odds of developing PR 6.87 times (95 % CI 1.31–36.04,
p = 0.045). Though NAAT showed an association, the
greatest percentage difference in the non-PR and PR
groups was in those who did not have a test per-
formed. Finally, non-HIV immunosuppression reduced
the risk of PR significantly (aOR 0.01; 95 % CI 0.00–0.27,
p = 0.002).
Baseline ESR could not be fitted within the multivari-

ate model due to the limited numbers of people in
whom this was measured (n = 48 in cases, n = 91 in con-
trols, only 97 of which were able to be used in matched
case control analysis; see Table 3). Sensitivity analysis
dividing ESR into either three or four categories con-
firmed increasing odds of PR with increasing ESR, but
again this could not be fitted into multivariate analysis
due to small numbers. ESR is often moderately elevated
in HIV infection [18]. In univariate analysis a 1-log in-
crease in ESR was associated with a 4.43 increased odds
of developing PR (95 % CI 1.30–15.1); this association
remained in sensitivity analysis when adjusted for HIV
status (aOR 4.78; 1.29–17.72, p = 0.019).

Discussion
Within our total population, we find that HIV is strongly
associated with development of PR, mainly in the con-
text of ART initiation within the case control cohort
(55 % started ART before or at time of PR development).
The observed frequency of 14.4 % within the HIV
positive group is similar to that of 15.7 % reported in
a meta-analysis of 3500 HIV co-infected patients [19].
In the HIV negative or unknown group our observed
frequency of 3.8 % is also in line with published

observations (ranging from 2 % in all patients to
25 % in extra-pulmonary tuberculosis) [1, 2, 20]. The
long length of time to PR onset that can occur (up to
a maximum of 150 weeks in our cohort) has been
previously recognised [21], and our observed median
time to onset is similar to other general studies [1],
though shorter than those looking solely at extra-
pulmonary PR [20].
We observed an association between the location of

the PR site and ethnicity, although the overall rate of PR
did not differ between ethnic groups. This likely arises
because baseline disease site (which does appear to have
a racial origin) heavily influences the site of PR: our
Black and White study populations had more pulmonary
disease compared to those of South Asian ethnicity, in
whom lymphadenitis predominates. This is in keeping
with other reports [22].
Our findings suggest that peripheral lymph node dis-

ease greatly predisposes to PR; despite large confidence
intervals, the increased risk is pronounced, in the magni-
tude of sixty-fold increased odds in multivariate analysis.
This has been previously documented as a likely site of
IRIS. In the third British Thoracic Society lymph node
study, carried out in a predominantly South Asian cohort
between 1987–89 i.e. largely without HIV co-infection,
new lymphadenopathy was reported in 16 % in the first
three months of treatment [23], and new nodes or sinuses
in 7–12 % after treatment completion [24]. We cannot ex-
clude ascertainment bias as a possible cause of this; and
PR at other less easily-identifiable locations might be
under-reported in the absence of systemic symptoms justi-
fying further investigations. This potential confounding
supports the need for an international consensus to en-
sure that all potential paradoxical reactions are appropri-
ately identified and recorded to improve epidemiology
and surveillance [25].
As reported with TB meningitis IRIS in South Africa

[26] and disseminated TB in a Malaysian HIV cohort
[27], the increased potential for PR in people with

Table 2 Site of PR by ethnicity
Site of PRa Number of patients by ethnicity (percentage of total ethnic group with PR)

Black East Asian Other South Asian White

Total 32 (100 %) 6 (100 %) 3 (100 %) 33 (100 %) 8 (100 %)

Chestb 15 (47 %) 1 (17 %) – 6 (18 %) 1 (13 %)

Systemic Symptomsc 13 (40 %) 1 (17 %) – 2 (6 %) 4 (50 %)

Abdominal 6 (19 %) – – – 1 (13 %)

Brain 2 (6 %) – – – –

Peripheral lymph nodes 8 (25 %) 4 (67 %) 3 (100 %) 25 (76 %) 4 (50 %)

Other 2 (6 %) 1 (17 %) 1 (33 %) 1 (3 %) 3 (38 %)
aPR may occur at more than one site for each patient, so percentages do not sum to 100 %
bPulmonary, pleural, and mediastinal lymph nodes
cSystemic symptoms are persistent fever and persistent night sweats
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Most patients (87%) recovered without sequelae. A 
75-year-old female patient died. She had disseminated TB 
with miliary involvement. Three weeks after starting ATT, she 
presented with respiratory distress due to worsening of pulmo-
nary lesions and was intubated. Although a paradoxical reaction 
was diagnosed (with very high serum TNF levels), she did not re-
ceive specific treatment, and her pulmonary lesions progressed 
to fibrosis and death [17]. TB relapse occurred in 2 cases, 1 of 
which was previously described in our cohort. The second had 
enlargement of cervical adenopathy attributed to IRIS and was 
treated surgically. He received ATT for 9 months, and despite 
a complete recovery and no resumption of anti-TNF, he relapsed 
10 months later with abdominal TB [12].

IRIS Treated With Anti-TNFα. Forty-five patients were studied 
(49% male; median age, 34.5 years [IQR, 27–44]): 40 from the 
literature and 5 from the current study. Main characteristics are 
detailed in Table 4.
Twenty-one patients were immunocompromised at the time of 
TB diagnosis (9 had HIV, 11 were treated with anti-TNFα, and 
1 with mycophenolate mofetil), whereas 24 (53%) were immu-
nocompetent. Most patients had disseminated (64%), miliary 
(36%), or central nervous system (56%) TB. With ATT treat-
ment, 58% of patients received corticosteroids.

IRIS occurred at a median 36 days (IQR, 21–63) after TB di-
agnosis. Most patients with IRIS (64%) had neurologic tropism. 
Six patients had worsening of pulmonary lesions. Three pa-
tients (7%) had worsening or new-onset spondylodiscitis, 
and 2 (4%) had psoas abscess. Most patients (93.3%) were treat-
ed with corticosteroids in the first instance, and all received 
anti-TNFα treatment (87% infliximab and 20% adalimumab) 
for IRIS for corticosteroid failure, due to relapse during corti-
costeroid tapering, or as corticosteroid-sparing treatment.

Twenty-eight patients (62%) recovered without sequelae and 
33% with sequelae. One patient with central nervous system TB 
and IRIS did not improve despite corticosteroids and anti-TNF 

Table 3. Demographic and Clinical Characteristics of 67 Patients Who 
Developed TB While Undergoing Anti-TNFα Treatment and Whose TB 
Was Complicated by IRIS

Median (IQR) or No. (%)

Demographics
Age, y 41 (28–56)
Male 35 (64.8)

Underlying disease
Crohn disease 23 (34.3)
Ulcerative colitis 5 (7.5)
Rheumatoid arthritis 12 (17.9)
Spondyloarthropathy 11 (16.4)
Psoriasis 8 (11.9)
SAPHO 3 (4.5)
Behcet disease 2 (3)
Chronic juvenile arthritis 2 (3)
Giant cell arteritis 1 (1.5)

Ongoing treatment
Anti-TNFα 67 (100)

Infliximab 36 (53.7)
Adalimumab 28 (41.8)
Etanercept 1 (1.5)
Golimumab 1 (1.5)
Certolizumab 1 (1.5)
Anti-TNFα duration, mo 9 (2–36)

Azathioprine 12 (17.9)
Corticosteroids 9 (13.4)
Methotrexate 6 (9)

TB features
Pulmonary tuberculosis only 4 (6)
Disseminated TB 57 (85)
Miliary 36 (53.7)
Neuromeningeal 8 (11.9)
Hemophagocytic lymphohistiocytosis 5 (7.5)

TB treatment
Anti-TNFα withdrawal 67 (100)
Anti-TB treatment 67 (100)
Corticosteroids 13 (19.4)

TB-IRIS
Time between TB diagnosis and IRIS, d 42 (21–90)
Intensive care unit hospitalization 2 (3)
Fever 30 (44.8)
Aggravation of pulmonary lesions 23 (34.3)
Aggravation or onset of lymphadenopathy 29 (43.3)
Aggravation of pleural or pericardial effusion 15 (22.4)
Pancytopenia 2 (3)
Exacerbation of digestive inflammation 4 (6)
Exacerbation of hepatic or splenic lesions 4 (6)
Acute kidney injury 2 (3)
Neurologic IRIS 14 (20.9)
Osteitis 1 (1.5)
Soft tissue abscess 2 (3)

TB-IRIS treatment
Symptomatic treatment only 20 (29.9)
Corticosteroids 39 (58.2)
Anti-TNFα resumption 11 (16.4)
Thalidomide 1 (1.5)
Cyclosporine 1 (1.5)
Nonsteroidal anti-inflammatory 1 (1.5)

Table 3. Continued  

Median (IQR) or No. (%)

Methotrexate 1 (1.5)
Surgery 7 (10.4)

Outcome
Missing data 14 (20.9)
Recovery without sequelae 46 (86.8)
Recovery with sequelae 5 (9.4)
Death from TB-IRIS 1 (1.9)
TB relapse 3 (5.7)

Patients: 52 from the systematic literature review and 15 additional cases from the current 
study.  

Abbreviations: anti-TNFα, anti–tumor necrosis factor α; IRIS, immune restitution 
inflammatory syndrome; SAPHO, synovitis, acne, pustulosis, hyperostosis, and osteitis; 
TB, tuberculosis.
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patients, with a median time of 45 days (IQR, 18–80) between 
TB diagnosis and IRIS onset. Patients had worsening of pulmo-
nary lesions (n = 7, 47%) and/or worsening or new onset of 
lymphadenopathy (n = 9, 60%). Most of them also had fever 
(n = 9, 60%). Of 15 patients, 5 (33%) did not receive specific 
treatment, 8 (53%) were treated with corticosteroids, and 
anti-TNFα was represcribed for IRIS treatment in 5 (33%). 
Every patient was cured without sequelae from IRIS.

Comparison of IRIS and non-IRIS cases and univariate anal-
ysis for IRIS risk factors are shown in Table 2. Notably, the me-
dian (IQR) time since IBD diagnosis was longer in non-IRIS 
cases (108 [78–162] vs 48 [25–81] months, P = .013), but the 
duration of anti-TNFα treatment was comparable (12 [3–30] 
vs 11.50 [3–46] months). Disseminated TB was predominant 
in both groups (82% in non-IRIS, 93% in IRIS). Miliary TB 
was a risk factor for IRIS in univariate analysis with an odds ra-
tio of 7.33 (95% CI, 1.60–42.82; P = .015). ATT was longer in 
the IRIS group (9 [9–12] vs 6 [6–9] months).

Anti-TNFα was represcribed after a median 4 months (IQR, 
3–10) in 21 (66%) of 32 cases, mostly for IBD activity (16/21, 
76%) after 4 months (IQR, 4–12) or to treat IRIS (5/21, 24%) 
with dramatic efficacity. Median follow-up after anti-TNFα 

resumption was 27 months (IQR, 17–82), and TB relapse oc-
curred in only 1 patient. This patient had disseminated TB 
and was treated with ATT for 10 months. Anti-TNF were re-
sumed 8 months after the end of ATT for Crohn disease activ-
ity. Three months after restarting anti-TNF, he presented with 
disseminated pansensitive M tuberculosis TB (Table 1).

Systematic Literature Review
Studies Characteristics. After removal of duplicates, 269 re-
cords were screened, and 64 were assessed for eligibility. 
After verification of inclusion criteria, 61 studies were selected 
for the systematic review (see flow diagram, Figure 1). Studies 
are listed in Supplementary Table 2. Most studies were case re-
ports (n = 44) or case series (n = 11) reporting either cases of 
IRIS in patients treated for TB who were taking anti-TNFα 
agents for inflammatory/autoimmune disease or TB-IRIS cases 
treated with anti-TNFα. Others were articles mentioning the 
risk of IRIS in patients being treated with anti-TNFα.

IRIS in Anti-TNFα TB Cases. Sixty-seven patients were studied 
(65% male; median age, 41 years [IQR, 28–56]): 52 from the lit-
erature and 15 from the current study. The main characteristics 

Table 2. Demographic and Clinical Characteristics of 17 Non-IRIS and 15 IRIS-TB Cases From the Current Cohort and Univariate Analysis for the Risk of 
IRIS

Median (IQR) and No. (%)
Univariate Analysis

Non-IRIS (n = 17) IRIS (n = 15) P Value Odds Ratio (95% CI; P Value)

Demographics
Age, y 38 (28–52) 34 (26–40) .168 0.95 (.88–1.01; .108)
Male 9 (52.9) 13 (86.7) .060 5.78 (1.13–44.69; .052)
Smoking 8 (53.3) 5 (35.7) .462 0.49 (.10–2.12; .343)

IBD
Crohn disease 14 (82.3) 13 (86.7) …
Ulcerative colitis 3 (17.6) 2 (13.3) …
Time since diagnosis, mo 108 (78–162) 48 (25–81) .013 0.98 (.96–1.00; .033)

Ongoing treatment
Anti-TNFα 17 (100) 15 (100) …
Infliximab 11 (64.7) 10 (66.7) >.99 …
Adalimumab 6 (35.3) 5 (33.3) >.99 …
Anti-TNFα duration, mo 12 (3–30) 11.50 (3–46) .913 1 (.97–1.03; .929)
Azathioprine 9 (52.9) 11 (73.3) .291 0.33 (.02–2.97; .366)
Corticosteroids 3 (17.6) 1 (6.7) .603 2.44 (.57–11.78; .239)

TB features
Disseminated TB 14 (82.4) 14 (93.3) .603 3.00 (.34–64.84; .366)
Miliary 6 (35.3) 12 (80.0) .016 7.33 (1.60–42.82; .015)

Neuromeningeal 1 (5.9) 2 (13.3) .589 2.46 (.21–56.53; .482)
Lymphocyte count/mm3 1220 (1015–1620) 820 (700–1650) .411 1.00 (1.00–1.00; .504)
Hemoglobin, g/dL 12.30 (10.5–13.40) 11.40 (10.85–12.95) .628 0.87 (.57–1.28; .497)

TB treatment
Anti-TNFα withdrawal 17 (100) 15 (100) …
Anti-TB treatment 17 (100) 15 (100) …
Corticosteroids 1 (5.9) 2 (13.3) .589 2.91 (.25–67.27; .406)
Antibiotic duration, mo 6.00 (6.00–9.00) 9.00 (9.00–12.00) .049 1.34 (1.01–1.90; .068)

Bold indicates P < .05.  

Abbreviations: anti-TNFα, anti–tumor necrosis factor α; IBD, inflammatory bowel disease; IRIS, immune reconstitution inflammatory syndrome; TB, tuberculosis.
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Ce que l’on sait déjà: Physopathologie 

to Mycobacterium tuberculosis (Mtb) antigens, under-
lies this condition although the pathophysiology is
incompletely understood.

In a systematic review, Namale et al. [2] collated
studies published before 3 May 2014 reporting inci-
dence, clinical features, management and outcomes
of paradoxical TB-IRIS, including 40 studies, 7789
patients at risk and 1048 TB-IRIS cases. Studies were
from Africa, Asia, Europe, North and South America.
Here, we discuss key findings in subsequently pub-
lished literature, on TB-IRIS epidemiology, out-
comes, management, prevention, diagnosis and
pathogenesis. We focus on paradoxical TB-IRIS,
the most common form of HIV-associated IRIS
and most frequently studied. Unmasking TB-IRIS
is discussed in a separate section. Knowledge to date,
with reference to key review articles and recent
original research articles, is summarized in Table 1
[2,3&,4–6,7&,8,9,10&,11,12&&].

KEY POINTS

! The incidence of paradoxical TB-IRIS is estimated at
18% (95% CI 16–21%) and may be over 50% in
high-risk groups.

! A specific diagnostic test for TB-IRIS is lacking and
diagnosis remains a major challenge, especially in
low-resource settings.

! Prednisone initiated alongside ART in patients with
CD4 count less than 100 cells/ml reduced the risk of
paradoxical TB-IRIS by 30% in a recent RCT, offering
a preventive strategy for selected patients.

! High antigen burden and innate immune mechanisms,
including cytotoxic activity, inflammasome activation
and matrix metalloproteinases, appear to contribute to
TB-IRIS pathogenesis.

Table 1. Paradoxical tuberculosis-associated immune reconstitution inflammatory syndrome – knowledge summary

Knowledge summary Key references

Incidence Adults overall: 18% (95% CI 16–21%), with a range of 4–54%; higher rates
in patients with lower CD4 counts (up to 57% in patients with CD4 count
<200 cells/ml).

Reviewed in [2]
Recent cohort described

in [3&]

South African children: 6.7% reported in a recent prospective study [4]

Risk factors Low CD4 count at ART initiation;
High HIV viral load at ART initiation

Reviewed in [2]

Shorter time between TB treatment initiation and ART initiation Meta-analyses reported
in [5,6]

Disseminated TB/high mycobacterial load. [3&,7&]

Clinical presentation Systemic, pulmonary and lymph node presentations most common Reviewed in [2]

In a recent study, median days to symptom onset reported as 6 (range 1–23) [3&]

Mortality All-cause mortality rate of 7% (95% CI 4–11%) and IRIS-attributable deaths of
2% (95% CI 1–3%)

Reviewed in [2]

Higher mortality in CNS TB-IRIS Reviewed in [8]

Pathogenesis Innate immune cell activation, including neutrophils, monocytes and NK cells;
Antigen-specific upregulation of cytotoxic mediators
Inflammasome activation;
Hypercytokinaemia (including IL-1b, IL-6 and TNF-a) and MMP upregulation/

secretion

Reviewed in [9]; see
also, [3&,7&,10&]

Treatment Prednisone (1.5 mg/kg for 2 weeks followed by 0.75 mg/kg for 2 weeks) for
treatment of paradoxical TB-IRIS reduced length of hospital admission and
number of therapeutic procedures required, and improved symptoms in
paradoxical TB-IRIS

Randomized-controlled
trial reported in [11]

Consensus is not to stop ART, but to investigate fully for alternative causes, and
provide symptomatic treatment

Reviewed in [9]

Prevention Prednisone (40 mg daily for 2 weeks, followed by 20 mg daily for 2 weeks)
from ART initiation reduces the risk of future paradoxical TB-IRIS by 30%

[12&&]

Do not delay ART initiation beyond 2 weeks after TB treatment initiation in
patients with CD4 count <50 cells/mm3, unless CNS TB diagnosed (then
delay 4–8 weeks). Early ART improves survival in patients with CD4<50
cells/mm3 even though it increases TB-IRIS risk > two-fold

Meta-analyses reported
in [5,6]

The tuberculosis-associated immune reconstitution inflammatory syndrome Walker et al.
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Physiopathologie : IRIS/RP: Reconstitution d’une réponse spécifique éfficace, non 
controlée dans un contexte de sur-charge antigénique

Barber Nat Rev Immunol 2012

Figure 1. 
Computerize Tomography (CT) images and CD4 T cell responses of a patient with 
paradoxical TB-IRIS. A) Chest CT image prior to ART initiation demonstrating significant 
axillary lymph node enlargement with areas of necrosis (arrow). B) CT images after 2 weeks 
of ART demonstrating worsening lymphadenopathy (arrow) despite negative TB cultures of 
lymph node aspirate. C & D) TB-specific CD4 T cell production of TNF and IFNś after ex 
vivo stimulation with PPD pre-ART and at the IRIS event respectively showing dramatic 
increase of TNF and IFNś production at the IRIS timepoint.
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Tran, Immunobiology 2013

IRIS= Reponse inflammatoire non spécifique, intense, immunité
innee et acquise

Marais



A baseline: syndrome pré-inflammatoire non spécifique



IRIS: Rôle de l’immunité innée

• Défaut de présentation de l’antigène ou anomalies de la réponse à la présentation
antigénique (Barber, Blood 2010)

• Défaut d’élimination de l’agent pathogène
– par NK (Pean, Blood 2012, Camelia), iNKT
– par monocytes et PNN: Defaut de phagocytose liee à FcGR et complément
(restauré par DXM) (Bell L, 2017)

• Anomalies de balance inflammation/regulation
– inhibiteurs/activateurs sur LT gd (Bourgarit et al 2009)

– Metalloproteases et fibrose/caverne pulmonaire (Tadokera EJI 2014, Ravimoran 2016)
– Augm CD14++CD16- augm sCD14 et 63, IL-6, IFN-g, (Andrade Plos 2014), 
– Inflammasome aberrants et caspases Induit par TLR2 (Inhib MyD88)

• Terrain génétique:
– LT4H genotype muté CT/TT associé à TB-IRIS grave (mais pas apparition  de IRIS)  (Narendran Pone 

2016)

• CRP, IL-6 avant HAART prédictifs d’IRIS
– Lien avec la charge bactérienne?
– Défaut de contrôle de l’infection?
– LPS (Goovaerts, Plos 2014) Review: Lai , semin immunopath 2016

Vignesh Pathogens 2023



Figure 1: Summary of the pathogenesis of TBM
A: Mycobacterium tuberculosis bacilli (M.tb) disseminate from the primary site of infection 
in the lung to seed the brain. The bacilli are able to traverse the blood brain barrier (BBB) 
and blood cerebrospinal fluid barrier (BCSFB) through various virulence factors that enable 
the invasion of and migration through cerebral vascular endothelial cells, or are carried into 
the central nervous system (CNS) by infected peripheral innate immune cells. B: In the CNS 
antigen recognition and internalisation by microglia, neurons and astrocytes occurs, 
mediated by numerous host genetic factors. C: The resulting immune response stimulates 
the release of pro-inflammatory cytokines and chemokines and other immune mediators that 
contribute to the breakdown of the BBB and the influx of innate and adaptive immune cells 
from the periphery. D: A prolific inflammatory response ensues. The inflammatory exudate 
in the basal cisterns contributes to cerebral vascular pathology and the development of 
hydrocephalus and raised intracranial pressure. Vasogenic oedema due to an influx of 
proteins through the leaky BBB, and cytotoxic oedema as a result of cellular damage 
contribute to the raised pressure. The overall decrease in cerebral blood flow puts the brain 
at risk of ischaemia, infarction and poor patient outcomes. In some cases the infection is 
controlled in discrete tuberculomas or abscesses, which resolve with treatment and time. 
Extension of the disease into the spinal canal manifests as spinal arachnoiditis, 
tuberculomas, or collection of exudate.
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Genotype LTA4H associé à sévérité chez zebrafish et cohortes humaines soit par trop ou par pas assez d’inflammation

TB et TBM: Equilibre entre absence de réponse
et trop d’inflammation



Tobin et al, 

Applications thérapeutiques?



LT4H IRIS et CTC préventifs

and association between LTA4H genotype and development 
of TB-IRIS were assessed using the Pearson χ2 test. 
Concentrations of chemokines and cytokines were compared 
between CC and CT/TT genotypes using the Wilcoxon rank- 
sum test. The P value signifying significance was adjusted for 
multiple comparisons using the Bonferroni correction. The ef-
fect of LTA4H genotype on the efficacy of prophylactic predni-
sone was assessed using Cox proportional hazard models and 
represented in Kaplan-Meier plots, with time to TB-IRIS as 
outcome and treatment arm, genotype, and their interaction 
as variables.

Ethical Considerations

The PredART trial obtained ethics approval from the 
University of Cape Town Human Research Ethics Committee 
(HREC 136/2013), the Institute of Tropical Medicine 
Institutional Review Board (882/13), and the Antwerp 
University Hospital Ethical Committee (13/20/224). Written 
informed consent and separate genetic informed consent 
were obtained for all participants of this substudy.

RESULTS

LTA4H genotyping was available for 213 of 240 trial partici-
pants; reasons for missing data are listed in Supplementary 
Table 1. Baseline characteristics were similar to baseline charac-
teristics of the whole PredART trial study population: 60% were 
male, median age was 37 years (interquartile range [IQR], 30–43 
years), and median CD4 count was 48 cells/μL (IQR, 23–85 
cells/μL). Eighty-three participants (39%) developed TB-IRIS 
at a median of 9 days (IQR, 5–13 days) after starting ART.

Among the 213 participants, 173 (81%) had a CC, 31 (15%) 
had a CT, and 9 (4%) had a TT genotype. The overall observed 
distribution of alleles roughly resembles the African 

distribution [8]; however, genotypes were not in 
Hardy-Weinberg equilibrium (P < .0001). Because of the low 
frequency of CT and TT genotypes, we grouped these for fur-
ther analysis. We found no association between genotype and 
the development of TB-IRIS: TB-IRIS occurred in 67 partici-
pants (39%) in the CC group and 16 participants (40%) in 
the CT/TT group. Comparing the 3 genotypes separately 
showed similar results (Supplementary Table 2). We also did 
not find an association between genotype and the development 
of TB-IRIS when only assessing participants in the placebo arm 
(44% vs 52%; P = .51), nor did we find an association between 
genotype and more severe TB-IRIS (defined as TB-IRIS symp-
toms sufficient to lead the clinical investigator to prescribe 
open-label corticosteroid treatment) (20% vs 25%; P = .51). 
Next, we compared different chemokines and cytokines be-
tween participants with CC and CT/TT LTA4H genotype. 
We found no association between genotype and concentrations 
of these analytes at week 0 or week 2 in the entire cohort 
(Supplementary Table 3), nor at week 2 in participants in the 
placebo arm only (Supplementary Table 4).

Last, we assessed whether LTA4H genotype affects the efficacy 
of prednisone to prevent TB-IRIS. Although prednisone appeared 
to prevent TB-IRIS more effectively in those with a CT/TT geno-
type (hazard ratio, 0.66 [95% CI, .21–2.11]), the difference was not 
statistically significant (P = .49) and the wide confidence interval 
prevented us from making any conclusions regarding efficacy in 
relation to genotype (Figure 1). Repeating the analyses comparing 
those with a TT genotype with those with CC and CT genotype 
combined showed similar results (Supplementary Table 5).

DISCUSSION

We could not show an association between LTA4H genotype 
and TB-IRIS incidence or prednisone efficacy in our study 

Figure 1. Cumulative incidence of tuberculosis-associated immune reconstitution inflammatory syndrome (TB-IRIS) by LTA4H genotype and study arm. The effect of LTA4H 
genotype on the efficacy of prophylactic prednisone was assessed using Cox proportional hazard models with time to TB-IRIS as outcome and treatment arm, genotype, and 
their interaction as variables. Abbreviations: CI, confidence interval; TB-IRIS, tuberculosis-associated immune reconstitution inflammatory syndrome.
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Applications diagnostiques? Facteurs prédictifs? Eur. J. Immunol. 2022. 52: 1112–1119 Immunity to infection 1115

Figure 2. Distribution of TB signature scores in TB-IRIS patients and
non-IRIS controls. Gene expression was quantified by microarray in
whole blood from HIV+ adults with TB. Sweeney3 and RISK6 scores
were computed on the normalised log2-transformed transcript level
intensities in samples collected at 0, half-, 1-, and 2-weeks (median time
to IRIS onset) on ART. (A) Schematic of the sampling timeline. Compari-
son of (B) RISK6 and (C) Sweeney3 scores in TB-IRIS patients (n= 16) and
non-IRIS controls (n = 15). The AUC is depicted for each timepoint and
is considered significant where the 95% confidence interval > 50 (bold
text). The whiskers above and below represent the interquartile range
of values and the dot indicates the median.

Both RISK6 and Sweeney3 signatures contain IFN-stimulated
genes, which are upregulated in TB [17, 18] and in HIV; and cor-
relate with inflammation [9, 12, 19]. Signature scores in the pae-
diatric IRIS dataset likely reflect inflammation regardless of the
underlying coinfection.

We also evaluated the performance of RISK6 and Sweeney3
in two published ART-naïve HIV+ adult IRIS datasets on samples
collected before ART initiation, on intermediate time points prior
to and at diagnosis of IRIS [14, 15].

In the TB-IRIS cohort (Fig. 2A), RISK6 scores were differ-
ent between cases and controls at half- (AUC: 78.6, 95% CI:
55.0–100.0, p = 0.025), one- (AUC: 73.4, 95% CI: 52.8–94.0,
p = 0.037), and 2-weeks (median TB-IRIS onset; AUC: 74.6,
95% CI: 54.8–94.3, p = 0.034) on ART, but not at ART initi-

Figure 3. Distribution of TB signature scores in patients with TBM
with and without IRIS. Transcript levels were quantified by microar-
ray in whole blood from HIV+ adults with TBM. Sweeney3 and RISK6
scores were computed on the normalised log2-transformed transcript
level intensities in samples collected at TBM diagnosis, two weeks after
tuberculosis treatment (2wpTBRx) when ART started, and two weeks
after ART initiation (2wpART, typical time of IRIS onset). (A) Schematic
of the sampling timeline. Comparison of (B) RISK6 and (C) Sweeney3
scores between controls (n = 14) and TB-IRIS cases (n = 18). The AUC
is depicted for each timepoint and is considered significant where the
95% confidence interval > 50 (bold text). The whiskers above and below
represent the interquartile range of values and the dot indicates the
median.

ation (Fig. 2B). Sweeney3 scores were not significantly differ-
ent between cases and controls in this cohort at any time point
(Fig. 2C).

In the TBM-IRIS cohort (Fig. 3A), neither signature discrimi-
nated between IRIS cases and controls at TBM diagnosis (Fig. 3B
and C). At ART initiation, only Sweeney3 scores were differ-
ent between cases and controls (AUC: 70.6, 95% CI: 51.5–89.8,
p = 0.049, Fig. 3C). Both Sweeney3 and RISK6 scores were sig-
nificantly higher in IRIS cases than controls at diagnosis (median
onset 2 weeks after ART initiation; AUC: 82.1, 95% CI: 66.6–
97.7, p = 0.0015 and AUC: 80.9, 95% CI: 64.6–97.3, p = 0.0024,
respectively, Fig. 3B and C).

© 2022 The Authors. European Journal of Immunology published by
Wiley-VCH GmbH

www.eji-journal.eu
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Diagnostic IRIS

• Pas de test diagnostic positif spécifique
• Association d’éléments:
– Cliniques:

• Chronologie +++: 
– 7-15j apres debut HAART, 
– 3-6 semaines apres arret anti-TNF
– 6-12 semaines apres debut traitement anti-TB

• Manifestations atypiques car exacerbées et tres inflammatoires

– Para cliniques: Arguments pour reconstitution immunitaire
• Lymphocytes, CD4, IDR, sortie d’aplasie…



Ce que l’on sait déjà : traitement

to Mycobacterium tuberculosis (Mtb) antigens, under-
lies this condition although the pathophysiology is
incompletely understood.

In a systematic review, Namale et al. [2] collated
studies published before 3 May 2014 reporting inci-
dence, clinical features, management and outcomes
of paradoxical TB-IRIS, including 40 studies, 7789
patients at risk and 1048 TB-IRIS cases. Studies were
from Africa, Asia, Europe, North and South America.
Here, we discuss key findings in subsequently pub-
lished literature, on TB-IRIS epidemiology, out-
comes, management, prevention, diagnosis and
pathogenesis. We focus on paradoxical TB-IRIS,
the most common form of HIV-associated IRIS
and most frequently studied. Unmasking TB-IRIS
is discussed in a separate section. Knowledge to date,
with reference to key review articles and recent
original research articles, is summarized in Table 1
[2,3&,4–6,7&,8,9,10&,11,12&&].

KEY POINTS

! The incidence of paradoxical TB-IRIS is estimated at
18% (95% CI 16–21%) and may be over 50% in
high-risk groups.

! A specific diagnostic test for TB-IRIS is lacking and
diagnosis remains a major challenge, especially in
low-resource settings.

! Prednisone initiated alongside ART in patients with
CD4 count less than 100 cells/ml reduced the risk of
paradoxical TB-IRIS by 30% in a recent RCT, offering
a preventive strategy for selected patients.

! High antigen burden and innate immune mechanisms,
including cytotoxic activity, inflammasome activation
and matrix metalloproteinases, appear to contribute to
TB-IRIS pathogenesis.

Table 1. Paradoxical tuberculosis-associated immune reconstitution inflammatory syndrome – knowledge summary

Knowledge summary Key references

Incidence Adults overall: 18% (95% CI 16–21%), with a range of 4–54%; higher rates
in patients with lower CD4 counts (up to 57% in patients with CD4 count
<200 cells/ml).

Reviewed in [2]
Recent cohort described

in [3&]

South African children: 6.7% reported in a recent prospective study [4]

Risk factors Low CD4 count at ART initiation;
High HIV viral load at ART initiation

Reviewed in [2]

Shorter time between TB treatment initiation and ART initiation Meta-analyses reported
in [5,6]

Disseminated TB/high mycobacterial load. [3&,7&]

Clinical presentation Systemic, pulmonary and lymph node presentations most common Reviewed in [2]

In a recent study, median days to symptom onset reported as 6 (range 1–23) [3&]

Mortality All-cause mortality rate of 7% (95% CI 4–11%) and IRIS-attributable deaths of
2% (95% CI 1–3%)

Reviewed in [2]

Higher mortality in CNS TB-IRIS Reviewed in [8]

Pathogenesis Innate immune cell activation, including neutrophils, monocytes and NK cells;
Antigen-specific upregulation of cytotoxic mediators
Inflammasome activation;
Hypercytokinaemia (including IL-1b, IL-6 and TNF-a) and MMP upregulation/

secretion

Reviewed in [9]; see
also, [3&,7&,10&]

Treatment Prednisone (1.5 mg/kg for 2 weeks followed by 0.75 mg/kg for 2 weeks) for
treatment of paradoxical TB-IRIS reduced length of hospital admission and
number of therapeutic procedures required, and improved symptoms in
paradoxical TB-IRIS

Randomized-controlled
trial reported in [11]

Consensus is not to stop ART, but to investigate fully for alternative causes, and
provide symptomatic treatment

Reviewed in [9]

Prevention Prednisone (40 mg daily for 2 weeks, followed by 20 mg daily for 2 weeks)
from ART initiation reduces the risk of future paradoxical TB-IRIS by 30%

[12&&]

Do not delay ART initiation beyond 2 weeks after TB treatment initiation in
patients with CD4 count <50 cells/mm3, unless CNS TB diagnosed (then
delay 4–8 weeks). Early ART improves survival in patients with CD4<50
cells/mm3 even though it increases TB-IRIS risk > two-fold

Meta-analyses reported
in [5,6]

The tuberculosis-associated immune reconstitution inflammatory syndrome Walker et al.
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C Young Nature 2019 

at immunomodulation and/or immune augmentation. For
example, the treatment requirements from HDTs for individuals
with advanced TB disease or even post-TB lung disorders are
likely to differ considerably from those required for latently
infected community members or healthy contacts of TB
patients.
The National Institutes of Health (NIH) clinicaltrials.gov resource

database of privately and publicly funded human clinical trials lists
investigations on adjunct therapies for various forms of TB. A
literary search of human clinical trials, animal model studies and
preliminary in vitro cohort studies was performed to identify
current research highlighting repurposed drugs, HDTs and
adjunctive candidates for TB treatment. Many of these have
confirmed effective therapeutic manipulation of host immunity
against Mtb and realignment of the response to support immune
protection. Within the context of repurposed drugs, we summarize
the four main mechanisms by which these adjunctive therapies
are thought to improve outcome in TB (Fig. 1); namely, (1)
mediating non-productive inflammation and inflammation-
induced tissue pathology to improve lung function/integrity, (2)
enhance host immune response efficacy and strengthen immune
and memory responses, (3) enhance host bactericidal mechan-
isms, macrophage-mediated Mtb killing and reducing bacilli

growth, and (4) disrupting and penetrating the granuloma to
expose Mtb bacilli to anti-TB treatment.

PROMISING TB HDT CANDIDATES TESTED IN PRE-CLINICAL
AND HUMAN CLINICAL TRIALS
Eicosanoid modulating drugs
Catabolism of arachidonic acid by cyclooxygenase (COX) enzymes
produces prostaglandins, whereas lipoxygenase (LOX) metabolism
yields leukotrienes.9 These eicosanoid products serve as signalling
molecules, modulating inflammation and cell death. A delicate
balance in eicosanoid levels is crucial for Mtb control and
regulating the production of pro-inflammatory cytokines, such
as tumour necrosis factor (TNF)-α (which plays a dual role in
protection and exacerbated pathology in TB). Several modulators
of the arachidonic acid pathway have been evaluated in humans
as TB HDT.

Non-steroidal anti-inflammatory drugs (NSAID). Emerging evi-
dence shows that heightened levels of prostaglandins at
late stages of Mtb infection (>45 days post-infection in mice)
promote TB disease progression by down-regulating cell-
mediated immunity.10 NSAID are commonly prescribed analgesic

I. Modulate pro-inflammatory mediators to
dampen inflammation, curb immunopathology

and improve lung function/integrity

II.  Enhance immune reponse efficacy,
strengthen immune and memory responses

IV. Disrupt structure and penetrate granuloma
to expose Mtb to anti-TB treatment

III. Enhance bactericidal mechanisms, macrophage
Mtb killing & reduce bacilli growth

Fig. 1 Main mechanisms by which repurposed, adjunctive compounds improve outcome in TB; I modulate inflammatory pathways and pro-
inflammatory mediators to dampen inflammation and inflammation-induced tissue pathology and improve lung function/integrity, II
enhance host immune response efficacy and strengthen immune and memory responses, III enhance host bactericidal mechanisms,
macrophage-mediated Mtb killing and reducing bacilli growth, and IV disrupting and penetrating the granuloma to expose Mtb bacilli to anti-
TB treatment.

Therapeutic host-directed strategies to improve outcome in tuberculosis
C. Young et al.
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Mucosal Immunology (2020) 13:190 – 204

Host directed Therapies in TB



Anti-TNF et traitement de la 
tuberculose

Wallis, CID 2009



Tuberculose neuromeningée sévère 
traitées par Anti TNF-a: cohorte 
française de 18 patients

– de janvier 2017 à septembre 
2021

– RCP mycobactéries CNR Pitié 
Salpétriere

– TBM avec aggravation paradoxale 
(ou aggravation d’emblee pour 2)

– Traités par Infliximab 5mg/kg/j J1, 
J15, J30, M2, M3 (M4, M5, M6)

– 25 jours à compter du diagnostic 
de RP

– 87 jours du début des ATT

Benhard J et al ECCMID 
2023

Table 1: Characteristics of patients at baseline and at infliximab onset 

 

Characteristics TB diagnosis At anti-TNF initiation
Age, median (IQR), years 34 (20-40) -
Male sex, No (%) 11/18 (72) -
HIV, No (%) 3/18 (17) -

Blood CD4 /mm3 median, (min-max) 183 (111-222) 215 (182-248)
Blood Viral load copies/mL, median, (min-max) 4,34 (2.33-4.88) NA

Neurological symptoms, No (%)
Cephalgia 15/18 (83) 5/18 (28)
Meningeal syndrome 8/18 (44) 2/18 (11)
Cerebral focal deficit 6/18 (33) 7/18 (39)
Spinal deficit 1/18 (6) 6/18 (33)
Cerebellar syndrome 4/18 (22) 3/18 (17)
Cranial nerve involvement 4/18 (22) 3/18 (17)
Seizure 3/18 (17) 3/18 (17)
Cognitive disorder 13/18 (72) 11/18 (61)
Coma 5/18 (28) 1/18 (6)

CNS TB
TBM, No (%) 17/18 (94) -

Probable TBM 3/17 (18) -
Definite TBM 14/17 (82) -

MRC grade, No (%) 
I 3/17 (18) -
II 7/17 (41) -
III 7/17 (41) -

Rankin scale, No (%)
0-1 2/18 (11) 2/18 (11)
2-3 7/18 (39) 7/18 (39)
4-5 9/18 (50) 9/18 (50)
median (IQR) 3,5 (2-5) 3,5 (3-4)

Biological analysis
Blood lymphocyte count/mm3, median (IQR) 840 (655-1000) 1440 (1130-1740)
CSF cellularity/mm3, median (IQR) 168 (94.5-486) 57 (27-180)†
CSF lymphocytosis, % (IQR) 51,5 (43.25-80) 92 (41.5-95.75)†
CSF proteinorachia g/L, median (IQR) 2,29 (1.49-3.39) 3,39 (1.48-20.6)†

Antibiotic susceptibility
Unkown 5/18 (28) -
Sensible 11/18 (61) -
INH resistant 2/18 (11)* -
MDR 0/18 (0)* -

Radiological findings, No (%)
Meningeal enhancement 15/18 (83) 13/18 (72)
Tuberculoma 9/18 (50) 15/18 (83)

Multiple tuberculomas 8/9 (89) 13/15 (87)
Abscess 0/18 (0) 4/18 (22)
Hydrocephalus 8/16 (50) 8/18 (44)
Spinal involvement 4/18 (22) 9/18 (50)

Myelitis 0/18 (0) 3/18 (17)
Tuberculoma 3/18 (17) 4/18 (22)
Abscess 0/18 (0) 3/18 (17)
Radiculitis 1/18 (6) 1/18 (6)

Ischemia 5/18 (28) 6/18 (33)
Vasculitis 2/18 (11) 6/18 (33)

CNS TB: central nervous system tuberculosis; CSF: cerebral spinal fluid; INH: isoniazid; IQR: 
interquartil range; MDR: multidrug restistant; MRC:  Medical Research Council; NA: non 
available; TBM: tuberculous meningitis † analysis was available for 13 patients * 1 patient 
with INH genotypic resistance had unkown rifampicin susceptibility 



Résultats : évolution sous anti-TNF-α à M12

• mediane 8 injections, arret des ctc apres M8

• 94% Survie 
o 1 DC à 1 an apres PVAM

• 72% amelioration fonctionnelle
o Rankin scale  <=3

• 50% avec amelioration fonctionnelle 
complète (Rankin <=1)

• 3 avec Rankin >=4 at M12
o 2 compression medullaire
o 1 tetraparesie et troubles cognitifs

• 2 aggravations precoces
o 1 infection DVE
o 1 aggravation après arret des ATT



Effectiveness of Adjunctive High-Dose Infliximab Therapy 
to Improve Disability-Free Survival Among Patients With 
Severe Central Nervous System Tuberculosis: A Matched 
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Background. Few treatment options exist for patients with severe central nervous system (CNS) tuberculosis (TB) worsening 
due to inflammatory lesions, despite optimal antitubercular therapy (ATT) and steroids. Data regarding the efficacy and safety of 
infliximab in these patients are sparse.

Methods. We performed a matched retrospective cohort study based on Medical Research Council (MRC) grading system and 
modified Rankin Scale (mRS) scores comparing 2 groups of adults with CNS TB. Cohort A received at least 1 dose of infliximab after 
optimal ATT and steroids between March 2019 and July 2022. Cohort B received only ATT and steroids. Disability-free survival 
(mRS score ≤2) at 6 months was the primary outcome.

Results. Baseline MRC grades and mRS scores were similar between the cohorts. Median duration before initiation of 
infliximab therapy from start of ATT and steroids was 6 (IQR: 3.7–13) months and for neurological deficits was 4 (IQR: 2–6.2) 
months. Indications for infliximab were symptomatic tuberculomas (20/30; 66.7%), spinal cord involvement with paraparesis 
(8/30; 26.7%), and optochiasmatic arachnoiditis (3/30; 10%), worsening despite adequate ATT and steroids. Severe disability (5/ 
30 [16.7%] and 21/60 [35%]) and all-cause mortality (2/30 [6.7%] and 13/60 [21.7%]) at 6 months were lower in cohort A 
versus cohort B, respectively. In the combined study population, only exposure to infliximab was positively associated (aRR: 6.2; 
95% CI: 2.18–17.83; P = .001) with disability-free survival at 6 months. There were no clear infliximab-related side effects noted.

Conclusions. Infliximab may be an effective and safe adjunctive strategy among severely disabled patients with CNS TB not 
improving despite optimal ATT and steroids. Adequately powered phase 3 clinical trials are required to confirm these early findings.

Keywords. infliximab; TNF-α inhibitor; CNS tuberculosis; disability-free survival.
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Central nervous system (CNS) tuberculosis (TB) disables or 
kills up to 50% of affected patients [1]. The pathogen 
Mycobacterium tuberculosis, together with the host immune re-
sponse, synergistically contributes to these poor outcomes. 
Multiple attempts to intensify ATT have not improved 
disability-free survival [2, 3]. The use of steroids to address 
the exaggerated host immune response has significantly re-
duced mortality but not disability [4, 5]. No therapeutic agent 

has been studied specifically to reduce disability in severe 
CNS TB, except for aspirin [6]. Hence, the severity of early neu-
rological deficits remains one of the best predictors of long- 
term outcomes [7].

Many patients continue to develop new deficits despite receiv-
ing optimal ATT and steroids [8]. Inflammatory lesions like large 
tuberculomas or adhesive arachnoiditis are often responsible for 
these deficits. Therapeutic options for these patients are poorly 
studied; steroids, thalidomide, and cyclophosphamide have been 
tried with variable degrees of success. In contrast, infliximab, a tu-
mor necrosis factor alpha (TNF-α) inhibitor, has good CNS pen-
etration and has shown potential benefits among these patients in 
scattered case reports [9, 10].

TNF-α, a proinflammatory cytokine, is important for the for-
mation and maintenance of tuberculous granulomas [11]. 
Intuitively, TNF-α blockade is an attractive treatment strategy 
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disabled at baseline, requiring help in executing activities of 
daily living. Infliximab potentially improved every third patient 
compared with conventional therapy. However, several caveats 
need to be borne in mind before the potential of this therapy is 
widely recommended.

First, the infliximab group had more patients with inflamma-
tory lesions such as large tuberculomas compressing vital struc-
tures and adhesive, hyperplastic arachnoiditis. Mechanistically, 
these lesions are aggregates of granulomas, the pathological hall-
mark of TB. Granulomas are conglomerates of macrophages 
along with other cell types, coalescing to form multinucleated 

giant cells. TNF-α is a critical cytokine for the structure of the 
tubercular granuloma [14]. Both in vivo and in vitro data sup-
port the role of TNF blockade to disrupt and disintegrate gran-
ulomas [15, 16]. Hence, infliximab and similar agents are most 
beneficial among patients with solid enhancing lesions as 
against lesions like infarcts. Often, such lesions develop while re-
ceiving appropriate therapy, producing devastating clinical ef-
fects, such as tuberculomas producing neurological deficits or 
seizures, optochiasmatic arachnoiditis causing blindness, and 
spinal arachnoiditis resulting in paraparesis. Early consider-
ation of TNF blockade in these patients may improve disability.

Figure 1. Baseline and post-infliximab MRI brain findings of 4 patients. Patient 1: T2-weighted axial scan (1A) shows a hypointense right capsulo-ganglionic and inter-
peduncular–suprasellar lesion with marked perilesional edema, and T1-weighted postcontrast axial scan (1B) shows a corresponding lesion that is a conglomerate ring. 
Post-infliximab T2-weighted axial scan (1C) after 12 months indicates marked resolution of the lesion and the perilesional edema, and post-infliximab T1-weighted postcon-
trast axial scan (1D) shows the resolution of the previous conglomerate ring enhancing lesion. Patient 2: T2-weighted axial scan (2A) reveals T2 hypointense middle cerebellar 
peduncle and pontine lesions with moderate to severe perilesional edema, and T1-weighted postcontrast axial scan (2B) indicates a corresponding conglomerate ring en-
hancing lesion. After 17 months, post-infliximab T2-weighted axial scan (2C) demonstrates marked resolution of the lesion and the perilesional edema with volume loss, and 
post-infliximab T1-weighted postcontrast axial scan (2D) shows resolution of the previous conglomerate ring enhancing lesion. Patient 3: FLAIR axial scan (3A) shows hy-
perintense bilateral middle cerebellar peduncle and ventral pontine parenchyma, and T1-weighted postcontrast axial scan (3B) shows corresponding bilateral ring enhancing 
lesions in the middle cerebellar peduncles with leptomeningeal enhancement along the ventral surface of the pons. After 10 months post-infliximab therapy, a FLAIR axial 
scan (3C) demonstrates marked resolution of the lesion and the perilesional edema, and post-infliximab T1-weighted postcontrast scan (3D) shows resolution of the previous 
ring enhancing lesions. Patient 4: T2-weighted coronal scan (4A) shows hypointense right frontal lesion with marked perilesional edema, and T1-weighted postcontrast 
coronal scan (4B) indicates thick, irregular enhancement with central, irregular nonenhancing areas. After 13 months post-infliximab therapy, T2-weighted coronal scan 
(4C) shows significant resolution of the lesion and the perilesional edema, and the post-infliximab T1 postcontrast scan (4D) shows the small residual ring enhancing lesion. 
Abbreviations: FLAIR, fluid attenuated inversion recovery; MRI, magnetic resonance imaging.
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• Autres études prospectives en cours: 
• Chez le PVVIH 
• date d’introduction
• Molécule, forme, dose, fréquence, durée…

CID 2023

10 mg/kg M1 M2 M3 
Stopped if complete response or no response
- 3 inj n=19
- 2 n=7
- 1 n=4

Infliximab is expensive, and it is important to identify the 
subgroup of patients who benefit from its use. This also avoids 
excess immunosuppression in patients who are unlikely to im-
prove. Patients with symptomatic large inflammatory lesions 
with a shorter duration of neurological deficit (<3 mo) may re-
spond better with infliximab. An absence of improvement with 
the first dose can identify patients who may not need subse-
quent doses. The responses with spinal pathologies were poorer 
in comparison to those with brain lesions [13].

Several other therapies to inhibit TNF-α in CNS TB exist in 
the literature. Thalidomide is a weak TNF blocker with dose- 
dependent immunomodulatory benefit [23]. A randomized 
trial in tubercular meningitis evaluating a high dose (24 mg/ 
kg/d for 1 mo) of thalidomide was stopped early due to 
side effects and increased mortality [24]. Subsequently, lower 
doses of thalidomide (5 mg/kg/d) resulted in clinical benefit 
among children with tuberculomas and optochiasmatic 
arachnoiditis [25]. Another phase I study evaluating the effi-
cacy and safety of etanercept in HIV-associated, sputum- 
positive pulmonary TB reported improved general status of 
patients, hastened radiological clearance, and accelerated 
CD4 recovery in relation to historical controls [26]. 
Adalimumab has also been shown to be beneficial in patients 
with CNS TB. However, the relative efficacy of these agents in 

comparison to other immunomodulatory strategies has not 
been well studied so far.

How best can we further study the efficacy of infliximab and 
other similar agents? No randomized controlled trials (RCTs) 
have even evaluated the role of steroids in the management 
of tuberculomas, for instance. Paradoxical worsening may hap-
pen months into treatment and can complicate recruitment 
[27]. The neurological lesions and the clinical deficits that 
may respond to these therapies are also heterogeneous. These 
agents are best studied in adaptive trial designs recruiting pa-
tients with clinical deficits that are new or not improving de-
spite ATT and steroids. The possibility of dissemination or 
reactivation of TB elsewhere following infliximab is also an im-
portant consideration when these trials are designed [28]. 
Antitubercular therapy should be continued at least for 6 
months (like in our study) to prevent active TB post–TNF 
blockade. A follow-up period of 2 years is needed to study 
TB reactivation [29] when interventional studies are planned. 
These interventions could be built within large RCTs evaluat-
ing various antimycobacterial regimens, subsequently random-
izing patients who develop inflammatory worsening, to reduce 
morbidity and mortality [30].

While the study reports the potential benefit with aggressive 
TNF blockade among patients with CNS TB, several limitations 

Table 2. Treatment Outcomes for Cohort A and Cohort B at 6 Months

Variable
Total 

(N = 90)
Cohort A 
(n = 30)

Cohort B 
(n = 60) RR (95% CI) P

Successful outcome, post-therapy, mRS ≤2 38 (42.2) 19 (63.3) 19 (31.7) 2.3 (1.28–4.36) .004
Unsuccessful outcome, post-therapy mRS 3–6 52 (57.8) 11 (36.7) 41 (68.3)
Severe disability, post-therapy mRS scores 4 and 5 26 (28.9) 5 (16.7) 21 (35) .4 (.21–1.14) 0.070
Mortalitya 15 (16.7) 2 (6.7) 13 (21.7) .3 (.09–1.34) .081

Data are presented as n (%) unless otherwise indicated.  

Abbreviations: CI, confidence interval; mRS, modified Rankin Scale; RR, Relative risk; TBM, tuberculosis meningitis.  
aIn cohort A, 1 patient died due to probable aspiration pneumonia and another had sudden death in sleep. In cohort B, of the 13 deaths, 11 patients died due to TBM disease progression. The 
other 2 died of unrelated causes, 1 due to acute Escherichia coli pyelonephritis with bacteremia and another because of enterococcal bacteremia.

Table 3. Multivariate Logistic Regression for Predictors of Treatment Outcome at 6 Months

Univariate Analysis Multivariate Analysis

Variable
Total 

(N = 90)
Successful Outcome  

(n = 38)
Unsuccessful Outcome 

(n = 52) RR (95% CI) P Adjusted RR (95% CI) P

Age (mean ± SD), y 34.48 ± 11.8 33.4 ± 9.4 35.2 ± 13.4 1.0 (.97–1.05) .491 …
HIV-positive status, n (%) 7 (7.8) 3 (7.9) 4 (7.9) 1.0 (.41–2.47) 1.000 …
Microbiologically confirmed TB, n (%) 53 (58.9) 24 (63.2) 29 (55.8) 1.1 (.72–1.98) .482 …
Presence of focal neurological deficit, n (%) 76 (84.4) 28 (73.7) 48 (92.3) .5 (.33–.80) .020 .2 (.05–.89) .035
MRC grades 2 and 3, n (%) 80 (88.9) 30 (78.9) 50 (96.2) .4 (.30–.71) .016 1.0 (.08–12.92) .955
MRC grade 1, n (%) 10 (11.1) 8 (21.1) 2 (3.8)
Baseline mRS 3–5, n (%) 80 (88.9) 30 (78.9) 50 (96.2) .4 (.30–.71) .016 .09 (.007–1.12) .062
Baseline mRS ≤2, n (%) 10 (11.1) 8 (21.1) 2 (3.8)
Received infliximab, n (%) 30 (33.3) 19 (50) 11 (21.1) 2.0 (1.26–3.17) .004 6.2 (2.18–17.83) .001
Did not receive infliximab, n (%) 60 (66.7) 19 (50) 41 (78.8)

Abbreviations: CI, confidence interval; HIV, human immunodeficiency virus; MRC, Medical Research Council; mRS, modified Rankin Scale; RR, Relative risk; SD, standard deviation; TB, 
tuberculosis.
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Quand ré-introduire les anti-TNF?

3,8% (2,1-6,3%)
8,5 mois  (6,8-14,8) 

Reintroduction après 12 mois (8-13)

the incidence rates of TB inpatients treatedwith TNF antagonists and
JAK inhibitors. An analysis of clinical trial data on tofacitinib in pa-
tients with rheumatoid arthritis showed that TB is a relatively rare
complication in regions with low and medium TB incidence [15].
However, it is generally recommended that patients treated with
anti-JAK agents undergo a screening and treatment strategy similar
to that for TNF antagonists [119]. The fact that three patients died
after starting of TNF antagonist and JAK inhibitor therapy, respec-
tively, should alert us. However, it cannot be determined whether or
not their deaths were causally related to these agents or not.

An important area of uncertainty is the optimal time to start or
restart anti-TNF or anti-JAK therapy. Although there is no consensus
on this issue, most experts currently recommend that these agents
should not be restarted until 2 months after anti-TB therapy [18,19]
or after completion of anti-TB therapy [16]. In our study, themedian
interval between TB diagnosis and initiation or (re-)initiation of
immunomodulatory treatment was 4 months (95% CI:
4.0e11.2 months) for TNF antagonists and 6 months (IQR:
4e9 months) for JAK inhibitors. Notably, 50 patients receiving anti-
TNF agents and one patient receiving a JAK inhibitor did not dis-
continue these agents during anti-TB treatment, and no TB relapse

was reported. In contrast, TB relapse was reported even in patients
who were (re-)started on TNF antagonists only after completing
anti-TB treatment.

Importantly, the prevalence of TB in the respective setting may
also have an influence on the safety of (re-)initiating TNF antago-
nists or JAK inhibitors in patients with previous TB. There is no
literature on differences in the risk of TB relapse after (re-)initiation
of TNF antagonists or JAK inhibitors in patients with previous TB
according to TB prevalence in the respective setting. However, the
incidence of TB infection among patients treated with TNF antag-
onists in general has been shown to range from 0% in low-
prevalence countries to 7.7% in high-prevalence countries [120].
Although it remains unclear whether these TB cases are relapses or
reinfections, this higher risk in endemic countries may lead clini-
cians not to (re-)initiate treatment with these agents in patients
with previous TB. In addition, the diversity of TB strains, health care
and public health infrastructure, access to follow-up care, and
patterns of TB drug resistance may influence the risk of TB relapse
among countries. In our study cohort, most patients were included
from studies conducted in high-prevalence countries, which may
have overestimated the risk of TB relapse in low-prevalence
countries. Interestingly, of the 15 patients who developed TB
relapse after (re-)initiation of treatment with TNF antagonists or
JAK inhibitors, only three (20%) were from low-prevalence

Table 3
Baseline and clinical characteristics of tuberculosis patients introduced to TNF an-
tagonists for prevention or treatment of paradoxical reactions (n ¼ 94)

Age
Median (y) 31.1
95% CI (y) 31.1e34.5
Sex
Male, n (%) 49 (52.1)
Female, n (%) 45 (47.9)
Tuberculosis manifestation
Pulmonary, n (%) 45 (47.9)
Central nervous system, n (%) 39 (41.5)
Disseminated, n (%) 6 (0.6)
Urogenital, n (%) 1 (0.1)
Ocular, n (%) 2 (0.2)
Data not available, n (%) 1 (0.1)
TNF antagonist after tuberculosis disease
Infliximab, n (%) 49 (52.1)
Etanercept, n (%) 43 (45.7)
Adalimumab, n (%) 1 (0.1)
Adalimumab/infliximab, n (%) 1 (0.1)

CI, confidence interval; TNF, tumour necrosis factor.

Fig. 3. KaplaneMeier estimate of probability of event-free survival over time in
tuberculosis patients (re-)introduced to TNF antagonists. An event was defined as
documented tuberculosis relapse or tuberculosis treatment failure.

Table 4
Baseline characteristics of tuberculosis patients (re-)introduced to JAK inhibitors for
underlying diseases (n ¼ 11)

Age
Median (y) 62
IQR (y) 48.5e68.5
Sex
Male, n (%) 6 (54.5)
Female, n (%) 5 (45.5)
Underlying illness
Primary myelofibrosis, n (%) 7 (63.6)
Secondary myelofibrosis, n (%) 1 (9.1)
Essential thrombocythemia, n (%) 1 (9.1)
Rheumatoid arthritis, n (%) 1 (9.1)
Psoriasis, n (%) 1 (9.1)
JAK inhibitor before tuberculosis disease
Ruxolitinib, n (%) 7 (63.6)
Upadacitinib, n (%) 1 (9.1)
Baricitinib, n (%) 1 (9.1)
No prior treatment with JAK inhibitor, n (%) 2 (18.2)

IQR, interquartile range; JAK, Janus kinase.

Table 5
Clinical characteristics of tuberculosis patients (re-)introduced to JAK inhibitors for
underlying diseases (n ¼ 11)

Tuberculosis manifestation
Lymphnode, n (%) 5 (45.5)
Disseminated, n (%) 4 (36.4)
Pulmonary, n (%) 1 (9.1)
Psoas abscess, n (%) 1 (9.1)
Tuberculosis treatment duration
Median (mo) 7.5
IQR (mo) 6e9
Data not available, n (%) 5 (45.5)
Time to (re-)initiate JAK inhibitor
Median (mo) 5.5
IQR (mo) 3.3e6
Data not available, n (%) 1 (9.1)
JAK inhibitor after tuberculosis disease
Ruxolitinib, n (%) 9 (81.8)
Filgotinib maleate, n (%) 1 (9.1)
Upadacitinib, n (%) 1 (9.1)

IQR, interquartile range; JAK, Janus kinase.
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the incidence rates of TB inpatients treatedwith TNF antagonists and
JAK inhibitors. An analysis of clinical trial data on tofacitinib in pa-
tients with rheumatoid arthritis showed that TB is a relatively rare
complication in regions with low and medium TB incidence [15].
However, it is generally recommended that patients treated with
anti-JAK agents undergo a screening and treatment strategy similar
to that for TNF antagonists [119]. The fact that three patients died
after starting of TNF antagonist and JAK inhibitor therapy, respec-
tively, should alert us. However, it cannot be determined whether or
not their deaths were causally related to these agents or not.

An important area of uncertainty is the optimal time to start or
restart anti-TNF or anti-JAK therapy. Although there is no consensus
on this issue, most experts currently recommend that these agents
should not be restarted until 2 months after anti-TB therapy [18,19]
or after completion of anti-TB therapy [16]. In our study, themedian
interval between TB diagnosis and initiation or (re-)initiation of
immunomodulatory treatment was 4 months (95% CI:
4.0e11.2 months) for TNF antagonists and 6 months (IQR:
4e9 months) for JAK inhibitors. Notably, 50 patients receiving anti-
TNF agents and one patient receiving a JAK inhibitor did not dis-
continue these agents during anti-TB treatment, and no TB relapse

was reported. In contrast, TB relapse was reported even in patients
who were (re-)started on TNF antagonists only after completing
anti-TB treatment.

Importantly, the prevalence of TB in the respective setting may
also have an influence on the safety of (re-)initiating TNF antago-
nists or JAK inhibitors in patients with previous TB. There is no
literature on differences in the risk of TB relapse after (re-)initiation
of TNF antagonists or JAK inhibitors in patients with previous TB
according to TB prevalence in the respective setting. However, the
incidence of TB infection among patients treated with TNF antag-
onists in general has been shown to range from 0% in low-
prevalence countries to 7.7% in high-prevalence countries [120].
Although it remains unclear whether these TB cases are relapses or
reinfections, this higher risk in endemic countries may lead clini-
cians not to (re-)initiate treatment with these agents in patients
with previous TB. In addition, the diversity of TB strains, health care
and public health infrastructure, access to follow-up care, and
patterns of TB drug resistance may influence the risk of TB relapse
among countries. In our study cohort, most patients were included
from studies conducted in high-prevalence countries, which may
have overestimated the risk of TB relapse in low-prevalence
countries. Interestingly, of the 15 patients who developed TB
relapse after (re-)initiation of treatment with TNF antagonists or
JAK inhibitors, only three (20%) were from low-prevalence

Table 3
Baseline and clinical characteristics of tuberculosis patients introduced to TNF an-
tagonists for prevention or treatment of paradoxical reactions (n ¼ 94)

Age
Median (y) 31.1
95% CI (y) 31.1e34.5
Sex
Male, n (%) 49 (52.1)
Female, n (%) 45 (47.9)
Tuberculosis manifestation
Pulmonary, n (%) 45 (47.9)
Central nervous system, n (%) 39 (41.5)
Disseminated, n (%) 6 (0.6)
Urogenital, n (%) 1 (0.1)
Ocular, n (%) 2 (0.2)
Data not available, n (%) 1 (0.1)
TNF antagonist after tuberculosis disease
Infliximab, n (%) 49 (52.1)
Etanercept, n (%) 43 (45.7)
Adalimumab, n (%) 1 (0.1)
Adalimumab/infliximab, n (%) 1 (0.1)

CI, confidence interval; TNF, tumour necrosis factor.

Fig. 3. KaplaneMeier estimate of probability of event-free survival over time in
tuberculosis patients (re-)introduced to TNF antagonists. An event was defined as
documented tuberculosis relapse or tuberculosis treatment failure.

Table 4
Baseline characteristics of tuberculosis patients (re-)introduced to JAK inhibitors for
underlying diseases (n ¼ 11)

Age
Median (y) 62
IQR (y) 48.5e68.5
Sex
Male, n (%) 6 (54.5)
Female, n (%) 5 (45.5)
Underlying illness
Primary myelofibrosis, n (%) 7 (63.6)
Secondary myelofibrosis, n (%) 1 (9.1)
Essential thrombocythemia, n (%) 1 (9.1)
Rheumatoid arthritis, n (%) 1 (9.1)
Psoriasis, n (%) 1 (9.1)
JAK inhibitor before tuberculosis disease
Ruxolitinib, n (%) 7 (63.6)
Upadacitinib, n (%) 1 (9.1)
Baricitinib, n (%) 1 (9.1)
No prior treatment with JAK inhibitor, n (%) 2 (18.2)

IQR, interquartile range; JAK, Janus kinase.
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Clinical characteristics of tuberculosis patients (re-)introduced to JAK inhibitors for
underlying diseases (n ¼ 11)

Tuberculosis manifestation
Lymphnode, n (%) 5 (45.5)
Disseminated, n (%) 4 (36.4)
Pulmonary, n (%) 1 (9.1)
Psoas abscess, n (%) 1 (9.1)
Tuberculosis treatment duration
Median (mo) 7.5
IQR (mo) 6e9
Data not available, n (%) 5 (45.5)
Time to (re-)initiate JAK inhibitor
Median (mo) 5.5
IQR (mo) 3.3e6
Data not available, n (%) 1 (9.1)
JAK inhibitor after tuberculosis disease
Ruxolitinib, n (%) 9 (81.8)
Filgotinib maleate, n (%) 1 (9.1)
Upadacitinib, n (%) 1 (9.1)

IQR, interquartile range; JAK, Janus kinase.
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a b s t r a c t

Background: Tuberculosis (TB) is a common complication associated with treatment with tumour ne-
crosis factor (TNF) antagonists and Janus kinase (JAK) inhibitors. However, there is uncertainty about the
risk of TB relapse in patients with TB and comorbidities requiring treatment with these agents.
Objectives: To assess the risk of TB relapse in patients (re-)started on TNF antagonists or JAK inhibitors.
Methods: Systematic review.
Data sources: PubMed and Cochrane Library databases until 11 December 2023.
Study eligibility criteria: Randomized control trials, prospective and retrospective cohort studies, case
reports and case series.
Participants: Patientswith current or previous TBwhowere (re-)startedonTNFantagonists or JAK inhibitors.
Interventions: (Re-)introduction of TNF antagonists and JAK inhibitors.
Assessment of risk of bias: All studies meeting entry criteria were included regardless of quality.
Methods of data synthesis: Categorical data are presented as frequencies and percentages. For non-nor-
mally distributed aggregated data, we calculated the pooled weighted median with 95% CI. For individual
patient data, the median and interquartile range (IQR) were calculated.
Results: Of 5018 articles screened for eligibility, 67 publications reporting on 368 TB patients who (re-)
initiated treatment with TNF antagonists for underlying diseases were included. The median age was
42.5 years (95% CI: 40.4e42.5) and the proportion of female patients was 36.6% (n ¼ 74) of patients whose
sex was reported. A total of 14 patients (3.8%, 95% CI: 2.1e6.3%) developed TB relapse after a median of
8.5 months (interquartile range, 6.8e14.8 months) following (re-)initiation of anti-TNF treatment.
Furthermore, among 251 articles screened for eligibility, 11 reports on TB patients who were (re-)started
on JAK inhibitors for underlying diseases were identified. The median age was 62 years (interquartile
range, 48.5e68.5 years) and 45.5% (n ¼ 5) were female. Only one patient (9.1%; 95% CI: 0.2e41.3%) had TB
reactivation 10 months after starting treatment with ruxolitinib.
In addition, 94 patients who were treated with TNF antagonists and two patients temporarily treated
with JAK inhibitors for the prevention or treatment of paradoxical reactions were analysed. None of the
publications reported microbiological failure or worsening of TB-related symptoms.
Conclusions: (Re-)initiation of TNF antagonists and JAK inhibitors may be relatively safe in patients with
current or previous TB and the need for further treatment of underlying diseases. Thomas Theo Brehm,
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Quand ré-introduire les anti-TNF?

Amoura Op For inf Dis 2023

and remained in a deep coma; after 4 months of treatment, pal-
liative care was decided upon and she died few days after [18]. 
Psoas abscess persisted despite anti-TNFα treatment in 1 
patient.

Manesh et al recently performed a matched retrospective co-
hort study to evaluate neurologic improvement in patients with 

central nervous system TB receiving corticosteroids alone or 
anti-TNF. Forty of 90 patients had a paradoxical reaction, 19 
of whom were treated with infliximab. Overall, infliximab treat-
ment was the only parameter associated with disability-free 
survival at 6 months [15].

DISCUSSION

In this study, we describe 36 cases of TB in patients receiving 
anti-TNFα to treat IBD in Ile-de-France, the region with the high-
est prevalence of TB in metropolitan France [19]. We confirmed 
that in patients treated with anti-TNFα, TB cases are characterized 
by few isolated pulmonary forms but rather disseminated forms, 
as noted in several previous studies [2, 4]. A notable result is the 
occurrence of IRIS in our patients, with 15 of 32 experiencing it. 
This number is higher than the 7% reported in the RATIO cohort 
[11], in a different study population with more rheumatologic dis-
eases, raising the question of a potentially higher proportion of 
IRIS in IBD or granulomatous diseases (eg, Crohn disease). 
Only 1 patient had sarcoidosis in our literature review, but 
anti-TNFα prescription is less common in this indication. 
However, in the Abitbol et al study on TB exclusively in patients 
with IBD, only 1 case of IRIS was reported out of 44 patients [20]. 
The only clearly identified risk factor in univariate analysis for 
IRIS was the presence of miliary TB, with an odds ratio of 7.33. 
Rivoisy et al also noted the prescription of corticosteroids for 
TB and disseminated forms [11]. We did not find these results. 
Yet, the majority of patients in our cohort had a disseminated 
form of TB at diagnosis, and very few received corticosteroids.

We aimed to study IRIS under anti-TNFα more precisely 
and conducted a systematic literature review, which included 
52 cases in addition to the 15 cases in our cohort. This review 
indicates that IRIS appears to be prevalent in this population, 
with presentations of varying severity, ranging from increased 
lymphadenopathy to marked general symptoms with exacerba-
tion of pulmonary lesions potentially leading to respiratory fail-
ure. In cases with mild symptoms, given the spontaneously 
favorable course, symptomatic treatment only seems justified 
[21]. Corticosteroids appear effective in cases that require treat-
ment in a majority of situations, although there is a risk of re-
lapse upon tapering or corticosteroid dependency. In cases of 
corticosteroid therapy failure or the most severe cases, resum-
ing anti-TNFα treatment could be an interesting option. In the 
literature, 40 TB-IRIS cases (plus 5 in our cohort) were treated 
with anti-TNFα, with favorable outcomes in most cases. 
Interestingly, the majority of patients had severe neurologic 
forms of IRIS. A recent Indian cohort study confirmed the ben-
efits of anti-TNFα in neurologic IRIS [15]; in fact, the prescrip-
tion of infliximab was the only protective factor in the 
multivariate analysis for neurologic prognosis at 6 months. 
No adverse effects related to anti-TNFα prescribing have 
been reported in our patients or in the literature.

Table 4. Demographic and Clinical Characteristics of 45 Patients Treated 
With Anti-TNFα for TB-IRIS

Median (IQR) or No. (%)

Demographics

Age, y 34.5 (27–43.5)
Male 22 (48.9)
Coming from endemic country for TB 21 (46.7)

Immunodepression factor
None 24 (53.3)
HIV 9 (20)
CD4 level at TB diagnosis 124 (106–147)
Anti-TNFα treatment 11 (24.4)

Inflammatory bowel disease 7 (15.6)
Rheumatoid arthritis 1 (2.2)
Spondyloarthropathy 1 (2.2)
Psoriasis 1 (2.2)
Chronic juvenile arthritis 1 (2.2)

Treatment with mycophenolate mofetil 1 (2.2)
TB features

Pulmonary tuberculosis only 3 (6.7)
Disseminated 29 (64.4)
Miliary 16 (35.6)
Neuromeningeal 25 (55.6)

TB treatment
Anti-TB treatment 45 (100)
Corticosteroids 26 (57.8)

TB-IRIS or paradoxical reaction features
Time between TB diagnosis and IRIS, d 36 (21–63)
Neuromeningeal IRIS 29 (64.4)
Aggravation of pulmonary lesions 6 (13.3)
Aggravation or onset of lymphadenopathy 10 (22.2)
Spondylodiscitis 3 (6.7)
Psoas abscess 2 (4.4)
Chylothorax 1 (2.2)
Intra-abdominal collection 1 (2.2)
Pancytopenia 1 (2.2)
Uveitis 1 (2.2)

IRIS treatment
Intensive care unit hospitalization 5 (11.1)
Corticosteroids 42 (93.3)
Anti-TNFα 45 (100)

Infliximab 37 (82.2)
Adalimumab 9 (20)

Outcome
Recovery without sequelae 28 (62)
Recovery with sequelae 15 (33.3)
Treatment failure 1 (2.2)
Death from IRIS 1 (2.2)

Patients: 40 from systematic literature review and 5 additional cases from the current study.  

Abbreviations: anti-TNFα, anti–tumor necrosis factor α; IRIS, immune reconstitution 
inflammatory syndrome; TB, tuberculosis.
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Ce que l’on sait déjà

to Mycobacterium tuberculosis (Mtb) antigens, under-
lies this condition although the pathophysiology is
incompletely understood.

In a systematic review, Namale et al. [2] collated
studies published before 3 May 2014 reporting inci-
dence, clinical features, management and outcomes
of paradoxical TB-IRIS, including 40 studies, 7789
patients at risk and 1048 TB-IRIS cases. Studies were
from Africa, Asia, Europe, North and South America.
Here, we discuss key findings in subsequently pub-
lished literature, on TB-IRIS epidemiology, out-
comes, management, prevention, diagnosis and
pathogenesis. We focus on paradoxical TB-IRIS,
the most common form of HIV-associated IRIS
and most frequently studied. Unmasking TB-IRIS
is discussed in a separate section. Knowledge to date,
with reference to key review articles and recent
original research articles, is summarized in Table 1
[2,3&,4–6,7&,8,9,10&,11,12&&].

KEY POINTS

! The incidence of paradoxical TB-IRIS is estimated at
18% (95% CI 16–21%) and may be over 50% in
high-risk groups.

! A specific diagnostic test for TB-IRIS is lacking and
diagnosis remains a major challenge, especially in
low-resource settings.

! Prednisone initiated alongside ART in patients with
CD4 count less than 100 cells/ml reduced the risk of
paradoxical TB-IRIS by 30% in a recent RCT, offering
a preventive strategy for selected patients.

! High antigen burden and innate immune mechanisms,
including cytotoxic activity, inflammasome activation
and matrix metalloproteinases, appear to contribute to
TB-IRIS pathogenesis.

Table 1. Paradoxical tuberculosis-associated immune reconstitution inflammatory syndrome – knowledge summary

Knowledge summary Key references

Incidence Adults overall: 18% (95% CI 16–21%), with a range of 4–54%; higher rates
in patients with lower CD4 counts (up to 57% in patients with CD4 count
<200 cells/ml).

Reviewed in [2]
Recent cohort described

in [3&]

South African children: 6.7% reported in a recent prospective study [4]

Risk factors Low CD4 count at ART initiation;
High HIV viral load at ART initiation

Reviewed in [2]

Shorter time between TB treatment initiation and ART initiation Meta-analyses reported
in [5,6]

Disseminated TB/high mycobacterial load. [3&,7&]

Clinical presentation Systemic, pulmonary and lymph node presentations most common Reviewed in [2]

In a recent study, median days to symptom onset reported as 6 (range 1–23) [3&]

Mortality All-cause mortality rate of 7% (95% CI 4–11%) and IRIS-attributable deaths of
2% (95% CI 1–3%)

Reviewed in [2]

Higher mortality in CNS TB-IRIS Reviewed in [8]

Pathogenesis Innate immune cell activation, including neutrophils, monocytes and NK cells;
Antigen-specific upregulation of cytotoxic mediators
Inflammasome activation;
Hypercytokinaemia (including IL-1b, IL-6 and TNF-a) and MMP upregulation/

secretion

Reviewed in [9]; see
also, [3&,7&,10&]

Treatment Prednisone (1.5 mg/kg for 2 weeks followed by 0.75 mg/kg for 2 weeks) for
treatment of paradoxical TB-IRIS reduced length of hospital admission and
number of therapeutic procedures required, and improved symptoms in
paradoxical TB-IRIS

Randomized-controlled
trial reported in [11]

Consensus is not to stop ART, but to investigate fully for alternative causes, and
provide symptomatic treatment

Reviewed in [9]

Prevention Prednisone (40 mg daily for 2 weeks, followed by 20 mg daily for 2 weeks)
from ART initiation reduces the risk of future paradoxical TB-IRIS by 30%

[12&&]

Do not delay ART initiation beyond 2 weeks after TB treatment initiation in
patients with CD4 count <50 cells/mm3, unless CNS TB diagnosed (then
delay 4–8 weeks). Early ART improves survival in patients with CD4<50
cells/mm3 even though it increases TB-IRIS risk > two-fold

Meta-analyses reported
in [5,6]

The tuberculosis-associated immune reconstitution inflammatory syndrome Walker et al.
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En conclusion
• TB pathologie inflammatoire

– Permet le controle mais est responsable de la pathogénie
– Equilibre entre trop et pas assez

• Traitements:
– Contrôler l’infection
– Augmenter les capacités d’éradication de l’hôte
– Diminuer les éffets délétères de la réponse immune

• IRIS: 
– Attention à restoration trop rapide d’une immunité fonctionnelle??
– Traitements: Antiinflammatoires, autres traitements

immunomodulateurs, traitements ciblés pour qui? 
– Prévention? Pour qui?
– Problèmes de régulation? Et ne pas sur-immunodeprimer



En dehors VIH
• IRIS sous Anti-TNF

– Ne pas arreter ou Reprendre anti-TNF
• Pas de différence de réponse au TAT (Lortholary)

• TB disséminée sous anti-TNF = IRIS demasquant?
– Corticoides:

• Pour maladie sous-jacente+++
• Pour IRIS, mais ne previent pas la survenue d’IRIS

– Prolongation du traitement anti-tuberculeux??
• Aucun argument pour activité residuelle de la mycobactérie
• Difficile mais non justifié

• IRIS TB disséminées: corticoïdes pour formes avec fort risque de 
complications:
– Œdème cérébral, péricardite, compressions VAES
– Prevention ? pericardite, meningite… 


