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Abstract

Although the association between Takayasu arteritis (TA) and latent or active Mycobacterium tuberculosis infection has been
suggested for a long time, studies conducted in recent years are challenging this notion. Until recently, the possibility of a
pathogenic relationship between TA and tuberculosis (TB) was considered a medical curiosity, but the advent of tumor necrosis
factor (TNF) inhibitors as therapy for recalcitrant TA cases, as well as the widespread use of Bacille Calmette-Guérin (BCG) for
vaccination purposes, has relocated this association as a top priority issue. In an attempt to define whether both diseases are
pathogenically linked or if their association is only epiphenomenal in nature, we conduct a thorough literature search on the
development of TB in patients with TA receiving TNF inhibitors. From a total of 13 studies that included 214 patients, the
occurrence of TB was observed only in two individuals exposed to infliximab. This frequency of 0.93% is similar to that
encountered in patients with other rheumatic diseases exposed to TNF inhibitors. Finally, we propose a novel pathogenic model
that could reconcile the epidemiological, clinical, and immunological evidence that links TA and TB, while providing rationality

for the use of TNF inhibitors in patients with TA.
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Introduction

Takayasu arteritis (TA) is a granulomatous vasculitis that
mainly involves large- and medium- sized arteries, with a
particular predilection for the aorta and its main branches.
The vascular inflammatory process ends up in intimal thick-
ening, fibrosis, and vessel stenosis, which ultimately results in
organ/tissue ischemia and leads to protean clinical manifesta-
tions of the disease. In essence, TA is a chronic disorder of
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childhood and early adulthood, which predominantly afflicts
women and is largely circumscribed to some geographical
areas such as East and South Asia, Central and South
America, South Africa, and the Mediterranean basin [1].
Nowadays, the main clinical and imaging features of TA are
adequately outlined [2].

Although the exact etiology of TA remains obscure, it is
clear that the immune system plays a significant role in its
pathogenesis and attempts to clarify it are still limited.

Department of Transplantation, Instituto Nacional de Ciencias
Médicas y Nutricion Salvador Zubiran, Mexico City, Mexico

Department of Immunology, Instituto Nacional de Cardiologia
Ignacio Chavez, Juan Badiano 1, Seccion X VI, 14080 Tlalpan,
Mexico City, Mexico

Department of Health Care, Universidad Auténoma Metropolitana—
Xochimilco, Mexico City, Mexico

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s10067-020-05045-z&domain=pdf
https://orcid.org/0000-0002-6258-5732
mailto:lmamezcuag@gmail.com

2004

Clin Rheumatol (2020) 39:2003-2009

Notably, a potential association between TA and latent or ac-
tive Mycobacterium tuberculosis (M. tuberculosis) infection
has long been suggested. Shimizu and Sano noted, for the first
time, a possible link with tuberculosis (TB) in 1948, based on
the presence of Langhans giant cells in the arterial samples
from patients with TA, which morphologically resembled
those found in TB granulomas [3]. This finding was further
strengthened by the results of occlusive lesions in the arterial
wall of patients with pulmonary TB, in addition to the exis-
tence of pulmonary and extrapulmonary TB foci in TA pa-
tients [4]. Apart from epidemiological evidence showing a
high prevalence of TA among individuals from countries
where M. tuberculosis is endemic, these seminal studies laid
the groundwork for a thorough analysis of the potential asso-
ciation between both diseases [5].

Evidence linking Takayasu arteritis and tuberculosis

Indirect evidence suggesting a pathogenic connection be-
tween TA and TB has been accumulated over decades. An
excellent systematic review on this topic has been recently
published in Clinical Rheumatology [6]. Briefly, there are
many clinical cases of adolescents and adults with TA in
which an active TB infection has been demonstrated.
Among these patients, the lungs have been the most frequent
anatomic site of infection, although there are descriptions of
extrapulmonary infections, including tuberculous lymphade-
nopathy, central nervous system and renal TB, in addition to
Bazin’s erythema induratum (nodular vasculitis) and other
cutaneous manifestations associated with TB infection [5]. A
large retrospective study conducted in China on 1105 patients
with TA reported that 109 (9.9%) of them had evidence of TB
infection, including 53 (48.6%) patients diagnosed with TB
before the onset of TA, 23 (21.1%) with a simultaneous diag-
nosis of TA and TB, and 24 (22.0%) patients who developed
TB after TA. Pulmonary TB was the most common site of
infection, while pulmonary artery involvement and pulmo-
nary hypertension were found most frequently in TA patients
with TB infection [7].

An enhancement in humoral and cellular immune re-
sponses directed toward cell stress proteins such as the myco-
bacterial 65 kDa heat shock protein (HSP) and its human
homolog 60 kDa HSP has been consistently found in patients
with TA [8, 9]. There is also a delayed hypersensitivity to
tuberculin in TA patients, with a higher frequency than that
observed in their counterparts without TA, in both children
and adult populations [10]. Moreover, a Mexican study eval-
uated the presence of 1S7610 and HupB genes in aortic tissue
specimens from autopsies of patients with TA, pulmonary TB,
or atherosclerotic aortic disease [11]. The IS6110 sequence is
shared by several members of the M. tuberculosis complex,
and the HupB gene encodes a histone-like protein that can
differentiate M. tuberculosis and M. bovis. In this study,

@ Springer

156110 and HupB sequences were detected in 70% of TA
tissue samples, 82% in TB, and 32% of aortic atherosclerosis
samples. Importantly, as incidental findings during necropsy,
tuberculous lesions were found adjacent to the aorta or else-
where in 48% of TA patients; additionally, 32% of individuals
with atherosclerosis, which were included as negative con-
trols, yielded positive results for the 1S6//0 and HupB se-
quences. Considering the prevalence of TB in Mexico, these
results are highly significant [11]. Based on these data, the
authors speculated that M. tuberculosis could take advantage
of the high concentration of oxygen in the aorta, evade the
immune system, and proliferate in its wall [11]. Said other-
wise, this hypothesis offers an explanation of how arteritis
might be the result of a TB infection directly in the vessel wall.

If TA 1is the result of M. tuberculosis infection, either di-
rectly in the arterial wall or away from the actual location of
the mycobacterium infection, is not a minor issue due to the
risk of pulmonary reactivation and disseminated TB associat-
ed with the use of tumor necrosis factor (TNF) inhibitors,
which are increasingly prescribed as therapy in large vessel
vasculitis [12], as well as the increasing use of Bacille
Calmette-Gueérin (BCG) for vaccination purposes worldwide
[5, 12]. In this regard, studies developed in recent years have
begun to challenge the physiopathogenic connection between
TA and TB, suggesting the association is a purely epiphenom-
enal matter. It has been discussed that intradermal delayed
hypersensitivity tuberculin tests could be a misinterpretation
of active TB infection particularly in individuals from coun-
tries where routine BCG vaccination is performed early in life,
although this issue has been partially settled with the advent of
functional tests known as interferon-gamma release assays
(IGRA) [13]. These assays are able to identify latent and ac-
tive M. tuberculosis infection in a highly specific manner; in
this regard, a Turkish study showed that patients with TA have
a similar IGRA response compared to controls (22.3% versus
22.4%) despite having a significantly higher frequency in the
positivity to the tuberculin test (62.5% versus 41.4%, respec-
tively) [14]. Likewise, studies based on molecular techniques
and even on the direct demonstration of the presence of
M. tuberculosis in aortic tissues of patients with TA also point
to a lack of pathogenic association between both entities. A
recent study in Brazil compared the presence of mycobacterial
DNA measured by three different sequences, including the
186110, the HSP65 gene, and the 16S ribosomal RNA gene
in peripheral blood from 32 TA patients and in arterial speci-
mens from 10 patients with TA; untreated individuals with
active TB and healthy blood donors were included as controls
[15]. No mycobacterial nucleic acid sequences were found in
blood samples from patients with TA or healthy blood donors,
while the 756110 sequence was found in peripheral blood of
78.5% of individuals with active TB. In addition, the IS6110
sequence was detected in the arterial sample of a single patient
with arterial TB, but it could not be found in any of the tissue
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samples obtained from patients with TA [15]. Similarly, a
French study evaluated the presence of M. tuberculosis by
acid-fast and auramine-fluorochrome staining, mycobacterial
cultures in Lowenstein-Jensen media, and amplification of
16S ribosomal RNA in arterial specimens (aorta and carotid
arteries) from 10 patients with TA undergoing surgery.
Histological examination showed active TA lesions in arterial
samples from five patients, but none of the diagnostic tech-
nologies used were able to detect M. tuberculosis in any of the
arterial specimens [16].

From an epidemiological point of view, although the num-
ber of incident TB cases is slowly decreasing worldwide, the
frequency of TA (or a least its detection) seems to be increas-
ing in several countries around the world. According to the
Global Tuberculosis Report 2019 (World Health
Organization), an estimate of 10.0 million (range, 9.0 to 11.1
million) of people fell ill with TB in 2018, with the majority of
cases occurring in the regions of Southeast Asia, Africa, and
the Western Pacific [17]. The global average rate of decline in
TB incidence rate was 1.6% per year in the 2000-2018 period,
and 2.0% per year between 2017 and 2018 [17]. In contrast,
data collected from the Korean National Health Insurance
have shown a steady increase in the age-standardized preva-
lence of TA from 15.4 per million (95% confidence interval,
14.3 to 16.5) in 2006 to 28.9 per million (27.4 to 30.3) in 2013
[18]. Likewise, an epidemiological study conducted in
Norway in the period 1999-2012 (based on a population de-
nominator of 2.8 million) reported an unusual prevalence of
22.0 cases of TA per million, with a striking doubling of the
average annual incidence rate in the second half of the study
period (2008-2012) [19].

Tuberculosis reactivation in patients with Takayasu
arteritis using TNF inhibitors

Reliable clinical and laboratory strategies focused on resolv-
ing whether TA and TB are pathogenically linked or if their
association is only epiphenomenal in nature have not yet been
developed. However, the key role that TNF plays in catalyzing
tissue damage in TA, as well as in keeping the inflammatory
mechanisms that limit the spread of latent M. tuberculosis, has
been adequately established [20]. Indeed, TNF is involved in
several processes including macrophage activation and re-
cruitment of natural killer cells, granulocytes, fibroblasts,
and T cells to sites of chronic inflammation, which in turn
leads to the formation of granulomas, the hallmark of TA
and TB [20]. In TB infection, granulomas are composed of
inflammatory cells and viable M. tuberculosis, so its conser-
vation is critical for the adequate containment of mycobacteria
[20]. That partly explains why TNF inhibition may interfere
with protective, physiological inflammatory responses medi-
ated by TNF, causing disruption of formed granulomas and
the consequent release of viable mycobacteria [21]. After

therapy with TNF inhibitors, the risk of TB is increased up
to 25 times, depending on the clinical setting and the type of
TNF antagonist used [20]. Most cases of TB occur shortly
after the initiation of TNF inhibitors, and the reactivation of
latent M. tuberculosis infection shows a characteristically rap-
id progression [20, 21]. Consequently, we speculate that reac-
tivation and dissemination of M. tuberculosis from latent foci
of infection in patients with TA who receive TNF inhibitors
may be the proof-of-concept necessary to settle the dispute.

In order to better understand the possible pathogenic asso-
ciation between TA and TB, we conducted a comprehensive
literature search in PubMed to identify all published studies
related to the use of TNF inhibitors in patients with TA. The
full text of each study was reviewed, and the occurrence of TB
infection was thoroughly investigated. It should be noted that
we exclude single-case reports to minimize possible percep-
tion bias. Table 1 summarizes all available studies on the sub-
jectuntil October 2019. A total of 13 studies were selected and
reviewed, which in total included 214 patients with TA
[22-34]. As expected, most of the included patients were
women from geographic areas with a high incidence of TA,
such as those from the Mediterranean basin or South Korea, as
well as from countries with high migratory mobility, such as
the USA or France. All studies had a follow-up period of at
least 9 months. With the exception of golimumab, all com-
mercially available TNF inhibitors were used, and the most
commonly prescribed drug was infliximab. Notably, the oc-
currence of TB was observed only in two individuals exposed
to TNF inhibitors, for a total frequency of 0.93%. The first
case, from a retrospective series of 15 cases, corresponded to a
pulmonary infection due to M. tuberculosis fortuitously dis-
covered due to a cavitation of the upper right lobe in a French
patient who received infliximab; TB screening before initia-
tion of anti-TNF therapy was not performed [26]. The second
case, from a retrospective series that included 49 patients stud-
ied by the same group of researchers, corresponded to a pul-
monary tuberculous reactivation associated with the use of
infliximab [30].

The development of TB in approximately 1% of patients
with TA after the use of TNF inhibitors is similar to that
observed in other rheumatic diseases. A recently published
systematic review analyzed the incidence of TB in patients
receiving TNF inhibitors for various rheumatic conditions,
including 52 observational studies. A total of 947 cases of
TB were documented, with a cumulative incidence of 9.62
cases per 1000 exposed patients [35]. Similarly, the
“Brazilian Registry of Biological Therapies in Rheumatic
Diseases” recently described the occurrence of 5 cases of TB
among 942 patients with RA who received anti-TNF therapies
(infliximab, adalimumab, and etanercept), which corresponds
to a frequency of 0.53% [36]. Likewise, the “Adalimumab
Pregnancy Exposure Registry”, an observational cohort study
conducted in North America, described the occurrence of 63
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cases of active TB in a cohort of 15,152 women with RA
(frequency of 0.41%) in treatment with adalimumab during
pregnancy [37]. In adult patients with moderate to severe
chronic plaque psoriasis, the use of adalimumab was associ-
ated with the development of tuberculosis in 16 of 3723 indi-
viduals (frequency of 0.42%) exposed to the drug [38]. Also,
in a Portuguese cohort of 765 individuals with different in-
flammatory diseases, including rheumatoid arthritis, ankylos-
ing spondylitis, and inflammatory bowel disease, 25 patients
(3.26%) had TB associated with the use of TNF inhibitors for
a period of observation covering from 2001 to 2012 [39].
Finally, the appearance of active TB was observed in 16 indi-
viduals undergoing TNF inhibition (infliximab and

Fig. 1 A novel model on the
pathogenesis of Takayasu arteritis
that may explain the alleged
association with Mycobacterium
tuberculosis infection
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Toward a new model that could unify the evidence
linking Takayasu arteritis with tuberculosis
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tests, we have already formulated a hypothesis about a model
of pathogenesis based on the loss of self-tolerance against
stress-induced cell molecules, with the innate immune system
as the main culprit in the onset, amplification and progression
of the inflammatory response observed in TA [5, 41]. This
novel pathogenic model seems to unify the fundamental epi-
demiological, inflammatory, and immunogenic evidence that
links TA and TB. This model has already been published in
extended format [5], but is briefly presented in the following
paragraphs (Fig. 1):

* At an early non-self-reactive stage, nonspecific in-
sults such as infections, shear stress, imbalance of
the redox environment, and other inflammatory stim-
uli could induce endoplasmic reticulum stress in vas-
cular endothelial cells, which in turn would lead to
increased expression of stress-induced proteins such
as HSP and unfolded proteins. These “warning of
danger” molecules could be detected by innate cyto-
toxic cells (i.e., natural killer cells and yd T cells)
through Toll-like and NOD-like receptors. After rec-
ognition, cytotoxic cells would be activated, promot-
ing apoptosis of vascular endothelial cells and there-
by increasing the stress on the cellular environment.

* In a subsequent innate self-reactive stage, stressed
vascular endothelial cells could activate transcription
of the MIC-A gene. MIC-A molecules on the endothe-
lium could be recognized by NKG2D receptors on
infiltrating natural killer cells and oligoclonally ex-
panded yd T cells, which in turn would result in cy-
tolytic responses against endothelial targeted-cells ex-
pressing MIC-A molecules. The production of large
amounts of interferon-gamma by infiltrating lympho-
cytes would enhance and amplify the expression of
class Il and I major histocompatibility complex
(MHC) molecules. Co-expression of MHC proteins
and vascular antigens (perhaps muted or misfolded
self-antigens) could lead to a massive vascular homing
of a3 CD4+ and CD8+ T cells.

* Finally, in a self-reactive adaptive immune stage,
oligoclonally expanded and self-reactive 3 CD4+ T cells
could boost the progression and perpetuation of the
inflammatory/immune response. In genetically suscepti-
ble individuals, different T cell subsets could provide help
for the switch to IgG isotype and the production of
“arteritic” autoantibodies such as anti-endothelial and an-
ti-60/65 kDa HSP antibodies. In addition, T cell subsets
might modulate the expansion and effector functions of
infiltrating macrophages, driving its transformation into
Langhans giant cells with the consequent granuloma for-
mation. Late in the disease course, infiltrating CD4+ and
CD8+ T cells would promote the massive deposition of
collagen and matrix proteins by active fibroblasts, which
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would lead to arterial wall fibrosis, typical of the pulseless
phase of chronic TA.

Concluding remarks

An accumulation of indirect evidence has suggested an intrigu-
ing potential association between TA and TB. Until recently, the
possibility of the aforementioned association was only a matter
of academic and research interest. However, the advent of
cytokine-targeted therapies, particularly TNF inhibition, has
placed the potential association as a matter of top priority.

Growing evidence shows that patients with TA have no
greater risk of developing TB than individuals with other
rheumatic diseases when they are exposed to TNF inhibitors.
The absence of mycobacterial reactivation may be the proof-
of-concept to confirm that the association between TA and TB
is simply an epiphenomenal matter, not a causal one.
Although speculative, we propose a novel pathogenic model
that reconciles laboratory evidence with epidemiological and
clinical information, while providing rationality for a judi-
cious use of TNF inhibitors in TA.
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