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Reactivation of latent tuberculosis with TNF inhibitors:
critical role of the beta 2 chain of the IL-12 receptor
Marie Robert 1 and Pierre Miossec 1

Tumor necrosis factor (TNF) inhibitors have improved a lot the treatment of numerous diseases, with the well-known example of
rheumatoid arthritis (RA). In the early 2000s, postmarketing data quickly revealed an alarming number of severe tuberculosis (TB)
under such treatment. These findings were consistent with previous results in mice where TNF is essential for lymph node
formation and granuloma organization. The effects of TNF inhibition on RA synovium structure are very similar to those on
granuloma, with changes in cellular interactions, cytokine, and chemokine production. In addition to the role of TNF in granuloma,
the interleukin (IL)-12/interferon (IFN)-γ pathway is required for an efficient host defense against TB. Primary and secondary
immunodeficiencies affecting this pathway lead to severe bacillus Calmette-Guérin (BCG) reaction or full TB. Any chronic
inflammation as in RA induces a systemic Th1 defect that predisposes to TB through specific downregulation of the IL-12Rß2 chain.
When TNF inhibitors are initiated, this transiently increases this risk of TB, through effects on cellular interactions in a latent TB
granuloma. At a later stage, when a better control disease activity is obtained, the risk of TB is reduced but not abrogated. Given the
clear benefit from TNF inhibition, latent TB infection screening at baseline is essential for an optimal safety.
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INTRODUCTION
Tuberculosis (TB) is still the leading cause of death worldwide from
an infectious disease among adults. One of the current challenges
is the emergence of drug resistance, which is a major threat
to control TB spreading.1 The clinical spectrum ranges from latent
TB infection (LTBI) to active disease defining three categorical
states.2,3 LTBI affects approximately one-third of the world
population and is defined by persistent bacterial viability, but
with adequate immune control and no clinical symptoms.4 The
risk of progression to active TB is determined by the combination
of bacterial factors with host and environmental factors. Immune
response involved in disease control is impaired in different
situations as immune deficiencies, chronic inflammation, malnu-
trition, and other comorbidities.
Among the key immune pathways required to control TB

infection, the T-helper (Th) 1 response is essential, especially
through the secretion of interferon (IFN)-γ. In addition, tumor
necrosis factor (TNF)-α5–7 has a key role in granuloma formation,
which is critical to control bacterial spreading throughout the body.
This role of TNFα was demonstrated in mice in the 90s and then
confirmed in observational studies with TB reactivation under TNFα
inhibitors (TNFi).8–11

The importance of TNFα in chronic inflammation was first
demonstrated in human and mouse models of rheumatoid
arthritis (RA).12–15 This led to use TNFi to control disease
activity.13,16 Through chronic inflammation alone, RA patients
are more likely to develop TB when they are not adequately
treated because of the defect in Th1 response due to chronic

inflammation.17 In RA taken here as an example as well as in all
inflammatory conditions, initiation of a TNFi increases the risk of
TB reactivation through the combination of the cell-mediated
immune defect linked to inflammation and the effect of TNFi
on TB-related granuloma structure.18 Understanding of such
increased risk in patients with inflammation-induced secondary
immunodeficiency has shown the critical role of IFNγ in TB
defense, as in children with a primary immunodeficiency of this
pathway, who developed severe TB.19 These findings have led to
the development of recommendations before initiating TNFi in
inflammatory diseases.20

This review will first describe the association between TB and
TNFi. The following part will discuss the involvement of TNFα in
granuloma formation and the crucial role of the IL-12/IFNγ
pathway in defense against TB. Finally, primary and secondary
immunodeficiencies will illustrate these concepts in vivo.

TB AND TNF INHIBITORS
First cases of TB reactivation before prevention
The first two TNFi on the market were infliximab, a monoclonal
antibody targeting directly TNFα and etanercept, a fusion protein
that acts as a “decoy receptor” for TNFα. They differ by their
modes of administration and their pharmacokinetics.21,22

During initial clinical trials that evaluated the effect of infliximab
in RA, only one case of TB was reported.23 The first alert came after
the use of infliximab in Crohn’s disease and in RA. The drug was
approved in 1998 and 70 cases of TB were reported up to 2001.
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Among them, 12 patients died. The median duration from the
initiation of the treatment until TB development was 12 weeks.
Nine cases of TB were reported in patients treated with
etanercept.8 In 2002, postmarketing data showed a prevalence
of 1/1000 cases of TB among patients treated with infliximab and
0.15/1000 for etanercept.24 These results and others had led to
implement strategies to track LTBI before the initiation of anti-
TNFα.25 Apart from infliximab and etanercept, other monoclonal
antibodies targeting TNFα were developed (certolizumab pegol,
adalimumab, and golimumab).26

Cases of TB reactivation with prevention in place
TB prevention includes LTBI screening at baseline with two
methods: tuberculin skin test (TST) and IFNγ release assay (IGRA).
The classical TST gives a full immune response to Mycobacterium
antigens but its interpretation is difficult, particularly in individuals
previously exposed to bacillus Calmette-Guérin (BCG).4 The IGRA
test can distinguish between BCG-induced and M. tuberculosis-
induced positive TST responses and is thus more specific.2 IGRA is
an in vitro blood test of cell-mediated immune response
measuring T-cell release of IFNγ after stimulation by M. tuberculosis
antigens. Two tests are currently approved with T-SPOT.TB assay
and the QuantiFERON-TB assay. Chest radiographs, CT scans, and
review of clinical data are also performed.4,27 If LTBI is identified,
different regimens are used to treat latent TB with either 3 months
of bitherapy (isoniazid and rifampicin), 4 months of rifampicin or
6–12 months of isoniazid alone. In cases of active pan-susceptible
TB at screening, four drugs are given for 2 months (isoniazid,
rifampicin, pyrazinamide, and ethambutol) followed by 4 months
with isoniazid and rifampicin. TNFi can be started after at least
3 weeks of treatment.3,28

Despite such prevention, cases of TB are described under TNFi.
For instance, a Korean study showed that in a baseline negative
LTBI group before TNFi therapy, 6/447 (1.34%) patients developed
active TB during the study period. Such TB incidence is rather
similar in a Spanish cohort of inflammatory bowel disease (IBD)
patients despite LTBI screening at baseline.29,30 The incidence of
TB also increases after LTBI treatment. Despite LTBI treatment,
2.7% (2/74) of patients are diagnosed with TB in a Brazilian
study.31 Moreover, the occurrence of active TB appears to be

biphasic with either the development of active disease within 3/
6 months after the initiation of TNFi or later after 20 months of
treatment.30,32,33 The biphasic occurrence of active TB relies on
different rationales. Early development of M. tuberculosis infection
after initiation of TNFi can be attributed to a false-negative
screening test, caused by immunodepression induced by RA or
IBD. Conversely, a development of active TB after several months
of anti-TNFα treatment seems more consistent with a primary
TB.29,30,32,33

Registry observations reported the number of TB under TNFi,
especially in RA. In the British Society for Rheumatology Biologics
Register, 40 cases of active TB were reported among 10,712 RA
patients receiving TNFi. Overall, 38% of TB were pulmonary, 62%
were extrapulmonary, 28% were disseminated, and 10 patients
died within 12 months of diagnosis.34 A meta-analysis on 19
randomized clinical trials in various diseases (RA, psoriatic arthritis,
or ankylosing spondylitis) showed that the occurrence of TB is
0.6% in the treatment groups (5339 patients; 32 events) while no
event was reported in the control groups (2981 patients).
Exposure to TNFi is associated with a threefold increase in TB
risk.18 A recent meta-analysis performed with 52 observational
studies (98,483 patients with rheumatic diseases) showed an
overall TB incidence of 9.62 cases per 1000 exposed patients,
without any difference between diagnoses. Conversely, there is a
statistically significant difference in TB development regarding
continents with an increased risk in South America and Asia
compared with North America and Europe.35 Among the TNF
blockers, the rate of TB is almost fourfold higher in patients
treated with infliximab or adalimumab compared with etaner-
cept.34 Variation in pharmacokinetics and mechanism of action
between these TNFi may account for this difference.21,22

TNFα AND GRANULOMA FORMATION
The development of TB under TNFi suggests that this cytokine
plays a role in granuloma formation (Fig. 1). Granuloma consists of
aggregates of macrophages, B and T lymphocytes, which are
organized to control a pathogen or a foreign body that cannot be
eliminated. In vivo studies corroborate that TNFα plays a role both
in granuloma formation and maintenance.36

Fig. 1 Consequences of tumor necrosis factor (TNF)-α inhibition and Th1 defect in granuloma formation. A granuloma able to control
Mycobacterium tuberculosis infection corresponds to a cell organization infiltrated with T and B cells, macrophages, and dendritic cells. TNFα is
required for granuloma formation, organization, and maintenance. Th1 deficit or TNF inhibition allow systemic dissemination of
Mycobacterium tuberculosis (e.g., to lymph nodes and bone marrow) because of an altered granuloma formation. This impairment is due to
fewer epithelioid cells and macrophages and a delayed cellular recruitment due to a defect in cytokines, chemokines, and adhesion
molecules. There are also an altered B cell response (germinal center formation and humoral response) and defects in lymphocyte homing
and compartmentalization
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Mouse studies in TNF family deficient mice with lymph node/
granuloma formation defects
TNFα is required for the formation of B cell follicles, follicular
dendritic cell (DC) networks and germinal centers (GC) and for the
maturation of the immune response.37 Through the induction of
adhesion molecules, TNFα regulates lymphocyte homing and
compartmentalization in lymphoid tissues. TNFα plays a role in
lymphoid organ development and organization38–40 and binds to
two different receptors: TNR-receptor (TNF-R) I and TNF-RII.41

Lymphotoxin (LT) α−/− (LT is also called TNF-ß) mice have a
complete absence of lymph nodes and Peyer’s patches link to
defective lymphoid tissue organogenesis.42 Other molecules are
involved in lymph node development as adhesion molecules and
chemokines.43 Mice deficient in TNFR-I or in TNFα fail to generate
GCs after immunization with T-cell-dependent antigens. Similar
results apply for LTα−/− and TNFRI−/− mice.37,44

If TNF ligands are required for lymphoid organ development and
organization, it is logical that they play a role in granuloma
formation. Granuloma are host-protective structures in response to
persistent stimuli, which can be either inanimate with foreign-body
or living with TB.45 The first evidence came from experiments on
mice infected with BCG. Granuloma formation in the liver of these
mice coincides with local TNF synthesis. The injection of anti-TNF
antibody interferes with granuloma development and mycobacterial
elimination.9 In TNF-RI KO mice, the number and the size of BCG-
induced granulomas are decreased compared to controls. Granulo-
mas in TNF-RI KO mice also contain fewer epithelioid cells.46 A
defect in granuloma formation exists in Tnf−/− mice, which are
highly susceptible to M. tuberculosis aerosol infection and all animals
succumb with widespread TB dissemination.47 Tnf−/− mice infected
with M. tuberculosis have a delayed cellular recruitment and
chemokine production compared to WT mice. Granulomas in these
mice lack epithelioid macrophages and the lymphocyte cuff.48

Therefore, experiments either with Tnf−/− mice or with anti-TNF
antibody clearly show that TNFα is required for granuloma and
lymph node organization (Fig. 1). Finally, in vitro granuloma models
show that adalimumab specifically induces M. tuberculosis resuscita-
tion in a TGF-ß1-dependent manner while etanercept potentiates it
through the neutralization of TNFα and LT-α.49

Effects of TNFα inhibition on synovium structure
Studies of sections of RA synovium show that around 40% have
GC-like structures, 30% infiltrates of cells without organization,
and 30% a low density of cells. These GCs-like structures are also
called ectopic lymphoid structures or tertiary lymphoid organs
and are dependent on LT expression.50–52 In inflamed synovial
tissue, activated macrophages are the primary source of TNFα. The
number of macrophages and TNFα expression correlate with local
disease activity and cytokine expression.53 When comparing
biopsies from patients before and 4 weeks after a TNFi, there is
a decrease in cellularity and expression of cytokines and adhesion
molecules. When the biopsy is performed 48 h after the initiation
of treatment, the decreased cell infiltration already exists and
suggests that the clinical response is associated with an early
inhibition of cell migration.54–56 Administration of infliximab or
etanercept also increases concentrations of apoptotic monocytes/
macrophages in RA synovium.55 TNFα blockade decreases synovial
lymphocyte aggregates and impedes the induction of primary T-
cell-dependent humoral responses by interference with GC
responses.57–59 The response to anti-TNFα is correlated with the
presence of these aggregates.57 Therefore, TNFα inhibition has
pleiotropic effect on synovium structure acting both on innate
and adaptive immune cells.

Similarities between TB-associated granulomas and GC in
synovium and lymph nodes
There are similarities between TB granulomas and RA synovium
structure. As mentioned above, TNFα is required for granuloma

and GC formation, both in synovium and in lymph nodes. Ectopic
lymphoid structures found in RA synovial tissue disappear after
TNFi.57 Mechanisms underlying these changes could be mediated
by the expression of adhesion molecules and cytokines or
chemokines.54 Cellular interactions are also modified through
the effect of TNFα on lymph node and synovium organization and
compartmentalization.38–40 Study on paired synovium and lymph
nodes from RA patients allowed to identify similarities and
differences between these two structures. They share the same
T-cell-B-cell organization. However, the number of follicular DC is
higher in lymph nodes compared with paired synovium.
Chemokine (C-C motif) ligand (CCL)19 and CCL21, and their
receptor CCR7, are more expressed in paired lymph nodes and are
associated with an accumulation of mature DC subset compared
with RA synovium with a defect of DC maturation. Conversely,
CCL20 the chemokine for immature DC, is expressed in synovium
but not in paired lymph nodes. These results show that RA
synovium lacks some characteristics of lymphoid organ.60

While TNFi increase the risk of TB among treated patients,
results from primary and secondary immunodeficiencies show
that IL-12/IFNγ pathway is required in efficient host defense
against M. tuberculosis.

IL-12 AND IFNγ PATHWAY
Structure of IL-12 and its receptors versus IL-23
IL-12 is a heterodimer composed of IL-12p40 and IL-12p35
subunits (Fig. 2). The IL-12 receptor is made of the common
IL-12Rß1 and specific IL-12Rß2 chains, and it activates JAK and
STAT signaling molecules, especially STAT4.61,62 IL-12 is mainly
produced by activated inflammatory cells as monocytes, macro-
phages, neutrophils, and DC.62

Conversely, IL-23 shares with IL-12 the IL-12p40 subunit, linked
to IL-23p19. IL-23 is a member of the IL-12 family and activates JAK
and STAT signaling but preferentially STAT3. The receptor for IL-23
is a heterodimer composed of the common IL-12Rß1 and the
specific IL-23R chains.63,64

Both cytokines are produced in response to signals associated
with host defense and wound healing.65

Critical role in IFNγ production in defense against TB
IL-12 promotes Th1 development and IFNγ production while IL-23
is required for Th17 stabilization and production of IL-17A, IL-17F,
and IL-22.65 Activation of T cells induces IL-12R transcription and
expression of the ß2-chain, whose upregulation is enhanced by
IL-12 itself, IFNγ and TNFα. Among T cells, IL-12Rß2 is confined to
the Th1 lineage and its expression correlates with responsiveness
to IL-12.66,67 Moreover, IL-12 is required for optimal Th1-cell
immune response to intracellular bacteria.62 IL-12-induced IFNγ
production requires the presence of low levels of TNFα and IL-1.
There is a positive feedback loop that relies on the ability of IFNγ
to enhance IL-12 production during inflammatory and Th1
responses.62 IFNγ production by Th1 lymphocytes and other cells
is also induced by the synergistic action of IL-12 and IL-18 that are
produced by DC and phagocytes.17

IL-18 is a member of the IL-1family. IL-18R is made of the IL-
18Rα and IL-18Rß chains. IL-12 increases the expression of IL-18Rß,
that is essential for IL-18 signal transduction.68 IL-18 acts as an
immunoregulatory cytokine inducing IFNγ production from
natural killer cells and IL-17 from T cells which promotes
autoimmune responses. However, IL-18 alone is ineffective to
induce IFNγ production from Th1 cells, which requires the
presence of IL-12. IL-18 upregulates the expression of IL-12Rß2.
Therefore, both cytokines and IL-12Rß2 are required for the
efficient production of IFNγ.69,70 Conversely, IL-18 binding protein
(IL-18BP) is the natural inhibitor of IL-18 function that down-
regulates Th1 responses and the induction of IFNγ. IFNγ increases
gene expression and synthesis of IL-18BP.71 As opposed to IL-18,
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IL-17 downregulates IL-12Rß2 chain and decreases IFNγ produc-
tion (Fig. 2).72 Therefore, the IL-12Rß2 chain plays a crucial role in
the regulation of IFNγ production.62,73,74

T cells also increase IL-12 production through the production of
cytokines mentioned above but also across direct cell-cell
interactions, notably through ligands of the TNF family.75 As Th1
response plays a role in host defense against TB, a defect in IL-12
or in IFNγ pathways impairs anti-mycobacterial immunity.76–78 As
a consequence, TST and IGRA have reduced sensitivity in
immunocompromised patients.79 IGRA performance depends on
intact cellular Th1 responses. A defect in such response can lead to
false-negative results.80 Among the IGRA tests, QuantiFERON-TB
and T-SPOT.TB assays are based on different methods. T-SPOT.TB
assay requires a lymphocyte adjustment, which decreases the risk
of false-negative results in patients with reduced lymphocyte
count compared with QuantiFERON-TB test.27,81

PRIMARY AND SECONDARY IMMUNODEFICIENCIES OF THE
IL-12 AND IFNγ PATHWAY
Mendelian susceptibility to mycobacterial disease (MSMD)
IL-12 and IFNγ pathways are critical in defense against mycobac-
teria. The genetic theory of TB control was supported by
genetic epidemiologic studies, mainly based on familial and twin
observations of TB.82 Severe TB and even deaths after BCG
vaccination support this hypothesis, as the variability in response
to primary infection with M. tuberculosis.83

BCG vaccination is harmless for most children although it can
lead to a benign regional adenitis.84 In rare cases, disseminated
infection may occur. Two types of idiopathic disseminated BCG
infections are distinguished based on clinical outcome and type of
granuloma. Type I granulomas that resemble tuberculoid ones are
associated with survival whereas type II granulomas are diffuse
and lepromatous-like and 16/17 children died.85 Patients with
these types of granulomas can develop after vaccination many
symptoms including fever, cachexia, hepatosplenomegaly, lymph
node enlargement, diffuse pneumonitis, osteolytic lesions, gran-
ulomatous dermatitis, and bone marrow failure.86,87 Some of these
severe reactions are linked to inborn errors of IFNγ immunity, that

are included in MSMD. Eleven gene defects can induce MSMD:
nine are inherited autosomally (IFNγR1, IFNγR2, STAT1, IL-12p40
(or IL-12B), IL-12Rß1, IRF8, ISG15, SPPL2A, and TYK2) and two are
X-linked (IKBKG (NEMO), CYBB).88 Patients with MSMD are
predisposed to clinical disease caused by weakly virulent
mycobacteria (BCG vaccines and non-tuberculous environmental
mycobacteria) but also to M. tuberculosis.19. Severe TB can lead to
death from miliary TB, meningitis, and osteitis.82

The first identified MSMD was the inherited deficiency in IFNγR1,
which is linked to virulent mycobacterial infection with disseminated
disease. In turn, IFNγ fails to upregulate the production of TNF by
macrophages and induces a defect in antigen processing and
presentation.86,89,90 Defects in IFNγR2 are also described, but are less
frequent.91 MSMD includes defects in IL-12/23p40 and IL-12Rß1.76–78

The most common MSMD is the autosomal recessive deficiency in
IL-12Rß1 in which patient leukocytes are not sensitive to IL-12 or
IL-23 and produce low levels of IFNγ.65,92 The clinical phenotype is
very heterogeneous ranging from asymptomatic cases to early
death in infancy. Mycobacterial infections (e.g., BCG, M. avium) are
the most frequent infections but severe TB can occur.19 Autosomal
recessive deficiency in IL-12p40 results in a similar phenotype of
IL-12Rß1 deficit.93,94 Among 41 vaccinated patients, 40 developed
BCG disease. However, adverse reactions to BCG vaccination were
more frequent in IL-12p40 deficient patients than in IL-12Rß1 ones.
Ten patients among 14 died from disseminated BCG infection.94

Secondary defects of the IL-12 and IFNγ pathway during chronic
inflammation
During any chronic inflammation, there is a defect in Th1 immune
response in peripheral circulation. Focusing on RA as an example,
RA-PBMCs show a lower response to IL-12 and IL-18 to produce
IFNγ compared with PBMCs from healthy controls. RA patients
with active disease have a more important decrease of cell-
mediated immunity compared with less active patients in blood.
Conversely, Th1 response is overexpressed in inflamed joints.17,95

Similar results apply for Crohn’s disease and multiple sclerosis.96,97

This systemic defect can explain the higher prevalence of TB
among RA patients, independently of the use of immunosuppres-
sive treatments, compared to the general population.98,99 Such

Fig. 2 Similarities and differences between interleukin (IL)-12 and IL-23 and role in interferon (IFN)-γ production. IL-12 and IL-23 are
heterodimer cytokines and share the p40 subunit which is associated with p35 to form IL-12, and with p19 to form IL-23. Their receptors also
share the IL-12-receptor (IL-12R)-ß1 chain. IL-12Rß2, which is specific to IL-12R, is upregulated by IL-18. Both IL-12 and IL-23 lead to JAK-STAT
activation but with different effects. IL-23 through the activation of STAT3, allows Th17 stabilization and the production of IL-17A, IL-17F, and
IL-22. IL-12, mainly through the activation of STAT4, allows Th1 development and IFNγ production. Its effect is enhanced by IL-18 and there is a
positive feedback loop of IFNγ on IL-12 production
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Th1 defect is sensitive to TNFi, as responders but not non-
responders, upregulate blood expression of IFNγ and restore to
normal levels production of IFNγ by PBMC in response to IL-12 and
IL-18.100 TNFi decrease the expression of adhesion molecules and
may thus suppress the migration of Th1 cells from peripheral
blood to synovium.54,100 Moreover, IL-12 hypo-responsiveness is
associated with a selective downregulation of IL-12Rß2 expression
in RA-PBMC. Addition of IL-17 to cultures further increases the
systemic Th1 defect.72,74 Other explanations of susceptibility to M.
Tuberculosis during chronic inflammation come from diabetes
mellitus (DM). Similarly, DM patients respond with less IL-1ß, IL-12,
and IL-18 and decreased secretion of IFNγ upon stimulation. The
frequency of Th1 cells is also decreased in DM patients with a
lower Th1/Th2 ratio that can contribute to TB susceptibility. DC
and neutrophil functions are also impaired. Natural killer cells
which are another source of IFNγ, supposed to enhance
macrophage microbicidal activity against M.Tuberculosis, are
altered.101 Overall, chronic inflammation, through innate and
adaptive immune dysfunction, induces a defect of IL-12 and IFNγ
pathways.

Understanding the risk of latent TB reactivation with TNFi
Chronic inflammation as in RA induces a systemic Th1 immune
defect concomitantly with an increased migration of Th1 cells
from peripheral blood to inflamed synovium in active RA. IL-17
known to be involved in RA pathogenesis, has an inhibitory effect
on IFNγ production through a specific inhibition of the IL-12Rß2
chain. These elements contribute to the systemic Th1 defect and
explain the increased incidence of TB among RA patients
(Fig. 3A).17,74,95,98,99,102 The initiation of TNFi leads to transient
increase of the risk of TB reactivation because it induces changes
in cellular interactions both in synovium and lymph nodes, but
also in pre-existing TB granuloma (Fig. 3B).18 At a later stage,
control of disease activity in responders reduces this Th1 defect

thus reducing the risk of TB reactivation, however the effect on TB
granuloma formation persists, possibly leading to de novo TB
(Fig. 3C).102

Effect of IL-17 blockers on the risk of TB
IL-17 is well-known to play a role in the host defense against extra-
cellular bacterial infections and fungi. However, the deficiency or the
blockade of the IL-17 pathway has been associated with increased
dissemination of bacterial infections and its role in M. tuberculosis
defense has been suggested.103–105 The use of IL-17 inhibitors in
psoriasis and psoriatic arthritis patients with treated LTBI show no
cases of TB reactivation under treatment. Postmarketing surveillance
data reveal the occurrence of five cases of de novo active TB among
7355 patients treated with secukinumab, an anti-IL-17A monoclonal
antibody. Moreover, even when patients have untreated LTBI, no
cases of TB reactivation are described after 52 weeks of follow-
up.106,107 Even less studied in RA, IL-17 pathway inhibitors slightly
increase the infectious risk but no mycobacterial infections have
been described.108–110

Therefore, the use of IL-17 inhibitors appears rather safe regarding
the risk of M. tuberculosis reactivation or de novo infection so far.111

CONCLUSION
The use of TNFi has been a major progress in the treatment of
chronic inflammatory diseases starting with RA. The main adverse
event was the reactivation of TB, specifically in patients with
severe forms of RA. The understanding of such phenomenon relies
on mouse models deficient for TNF signaling which showed
defects in granuloma formation and maintenance. Inhibition of
TNF adds this inhibitory effect on granuloma to the cell-mediated
systemic immune defect associated with chronic inflammation.
The resulting decrease of IFNγ production results from a specific
inhibition of the IL-12Rß2 chain that is required for IL-12 signaling.

Fig. 3 Risk of Mycobacterium tuberculosis according to disease stages. A Chronic inflammatory diseases are characterized by a systemic Th1
defect with a lower production of interferon (IFN)-γ in response to interleukin (IL)-12 + IL-18 through the downregulation of the IL-12-receptor
(IL-12R)-ß2 chain by IL-17. Rheumatoid synovium is characterized by lymphoid aggregates where Th1 cells play a key role. When there is latent
tuberculosis (TB) infection, the risk of TB is even more increased in the context of chronic inflammation. B There is an increased risk of TB at
treatment initiation. Starting anti-tumor necrosis factor (TNF)-α reduces synovium aggregates and altered granuloma formation leading to TB
dissemination. Indeed, there is a strong and temporary deficit of IFNγ production. This deficiency is added to the systemic one and requires
the prevention of TB reactivation. C Finally, when the disease is controlled, Th1 cells recover their ability to produce IFNγ and the risk of TB is
lowered. Concurrently, synovium aggregates are reduced
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This defect is further increased in the presence of IL-17 produced
during inflammation. The importance of IL-12/IFNγ pathway is well
illustrated by the severity of any mycobacterial infection in
primary immunodeficiencies of this pathway.
Control of inflammation with TNFi reduces but does not abolish

the secondary defect of this pathway. Given the benefit-risk
balance of TNFi in chronic inflammatory diseases, consideration of
TB screening before the initiation of treatment is an absolute
necessity to use these biologics safely.
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