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This research project delves into the multifaceted dynamics of Mycobacterium tuberculosis (M.tb) endocarditis, a significant yet
uncommon manifestation of tuberculosis (TB). Beginning with an overview of M.tb and the global challenges posed by TB, we
navigate through the bacterium’s evolution, transmission modes, and the intricate host immune response. The pathology and
pathophysiology of M.tb endocarditis are explored, emphasizing its complexities and the host’s efforts to contain the pathogen.
The study extends to atypical mycobacterial endocarditis, highlighting the emergence of species like M.chimaera, M.fortuitum,
and M.chelonae, with a focus on their association with life-threatening mycobacterial endocarditis. Clinical presentations and
complications of M.tb endocarditis are detailed, addressing challenges in diagnosis, drug-resistant, co-infections with Human
Immunodeficiency Virus (HIV), and potential sepsis. The research underscores the need for a deeper understanding of M.tb en-
docarditis to enhance prevention, diagnosis, and treatment strategies. Examining the genetic and environmental factors influenc-
ing M.tb endocarditis, the study discusses the interplay of immune-related genes, environmental conditions, and predispositions
contributing to infection susceptibility. Despite challenges in treatment due to its rarity, the research highlights current proto-
cols, surgical interventions, and promising pharmaceutical developments. Lastly, unraveling these intricate factors is crucial for
refining strategies and conducting large-scale trials to address this global health threat effectively.
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Introduction to Mycobacterium Tuberculosis Among its array of complications, M.tb can give rise
to cardiac diseases such as pericarditis (2%—5% frequency),
myocarditis (0.14%—-2% frequency), or aortitis (0.3% fre-
quency) [3]. In its evolutionary journey, M.tb has adeptly
adapted to exploit the physiological and pathological in-
tricacies of the human host. M.tb employs several routes
of entry into host cells, ranging from the injured dermal
layer and mucous membranes to the gastrointestinal sys-
tem. However, it predominantly gains entry via the respi-
ratory system [4]. M.tb is primarily airborne, and its trans-
mission primarily occurs through respiratory droplets. This
mode of transmission allows it to access the respiratory tract
and become ensnared within the lung parenchyma. Once
within the host, M.tb can interact with the host’s immune
system through various mechanisms, often invading im-
mune cells, such as macrophages, mast cells, dendritic cells,
and neutrophils [5]. Notably, the bactericidal activity of
macrophages may be compromised due to the presence of
surfactants within alveolar sacs. This results in the aerosol
route becoming the primary path of infection [4]. Conse-
quently, an immune response is triggered, marked by the

Mycobacterium tuberculosis (M.tb), an aerobic, gram-
positive, acid-fast, non-motile, non-spore-forming bacilli,
is the causative agent of tuberculosis (TB). TB is a global
health concern associated with severe pulmonary and extra-
pulmonary complications despite being a curable and pre-
ventable disease [1]. Astonishingly, in 2021, approxi-
mately 1.6 million people succumbed to TB, highlighting
the ongoing threat it poses, ranking it as the 13th lead-
ing cause of death worldwide. TB is a disease that knows
no bounds, affecting individuals across all age groups and
regions, with a staggering 10.6 million cases reported in
2021 [2]. The incidence of Mycobacterium tuberculosis
(M.tb) endocarditis in the United States is quite low, and
it’s considered a rare clinical entity. Mycobacterial endo-
carditis, including M.tb endocarditis, is infrequently en-
countered compared to other forms of endocarditis, such
as those caused by bacterial species like Staphylococcus or
Streptococcus [1]. It’s challenging to provide precise inci-
dence figures because of its rarity and the fact that cases are
sporadic [1].
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activation of host defense cytokines and chemokines such
as interleukin-1 (IL-1), tumor necrosis factor-a (TNF-«),
IL-12, IL-6, and lipoxins. These elements work in concert
to either destroy infected cells through necrosis or induce
apoptosis via prostaglandins [6].

In contrast, key chemokines like Chemokin (C-C mo-
tif) ligand 19 (CCL-19) and CCL-21, along with IL-12, fa-
cilitate the activation and differentiation of CD4 T cells into
T-helper (Th1) cells in M.tb-infected dendritic cells. These
Thl cells subsequently release TNF-a and interferon-y
(IFN-v), which are pivotal in the activation of macrophages
when exposed to M.tb, setting the stage for inflammatory
processes [7]. This immune response leads to the formation
of granulomas, essentially aggregations of macrophages en-
capsulating the pathogen. Initially, the granuloma is sur-
rounded by foamy macrophages and phagocytic mononu-
clear cells enclosed by lymphocytes. The granuloma’s abil-
ity to shield itself is significantly bolstered by cytokines
such as TNF-«, IFN-7, and IL-1/, while IL-10 acts as a
chief negative regulator of the inflammatory response [8].

The pro-inflammatory cytokines, including TNF-«
and IFN-v, play vital roles. TNF-a promotes granuloma
formation, while IFN-v enhances antigen presentation and
recruits CD4™ T lymphocytes and cytotoxic T lympho-
cytes, mediating mycobacterial elimination. On the other
hand, IL-10, with its anti-inflammatory properties, is pro-
duced by macrophages and T-cells upon M.tb infection.
IL-10 dampens macrophage function by downregulating
TNF-a expression, reducing IFN-vy production by T-cells,
ultimately facilitating M.tb survival [8]. These cytokines
are carefully regulated and secreted by macrophages and
dendritic cells upon detecting specific pathogen-associated
molecular patterns (PAMPs) via pattern-recognition re-
ceptors (PRRs) that recognize M.tb’s signature molecules
[8]. PRRs play a pivotal role in initiating both the in-
nate and adaptive immune responses to M.tb [9]. Within
macrophages, two distinct pathways are responsible for de-
tecting M.tb infectious molecular patterns. The first path-
way involves the inflammasome complex, NOD-like re-
ceptor pyrin domain-containing 3 (NLRP3). This com-
plex recognizes DNA and leads to the maturation of pro-
interleukin-18 (pro-IL-173) into mature IL-15 [10]. The
second pathway, which complements the first, is responsi-
ble for the expression of type I interferons after the activa-
tion of the PRR STING sensor protein, which senses cyclic
dinucleotides [8].

As the infection progresses, granulomas evolve, de-
veloping a fibrous capsule, reduced blood vessel supply,
and an increase in foamy macrophages within the capsule.
The fate of granulomas hinges on the host’s immune com-
petence, as they can either contain the pathogen within the
capsule or lead to the release of pathogenic contents through
liquefaction and cavitation, resulting in lung tissue dam-
age. This process can cause productive cough, enabling
pathogen spread to different lung areas [11]. The bacterium

may also remain dormant in a non-replicating granuloma
state, leading to a latent form of M.tb [12] (Fig. 1). Un-
der conditions of immunosuppression and reactivation, the
pathogen can disseminate to various organ systems, giving
rise to a diverse range of symptoms and diseases affect-
ing lymph nodes, meninges, the heart, and bones [7,8,13]
(Fig. 1). M.tb predominantly presents as pulmonary tuber-
culosis in approximately 85% of cases. However, it can
manifest as extra-pulmonary TB in individuals with a his-
tory of immunosuppression, such as those with Human Im-
munodeficiency Virus (HIV), organ transplant recipients,
and individuals with diabetes mellitus [7]. Clinical presen-
tations of M.tb infection are often nonspecific, character-
ized by slow development and nonspecific symptoms, in-
cluding productive cough, purulent or bloody mucus dis-
charge, chest pain, fatigue, dyspnea, fever, and night sweats
[14]. Through the lymphatic and circulatory systems, M.tb
may disseminate to other areas, including the brain, leading
to meningitis. Less commonly, it can travel to the heart,
causing pericarditis or endocarditis [15].

Lastly, Mycobacterium tuberculosis is a remarkable
pathogen known for its ability to circumvent the human
immune system. Its impact extends beyond the respira-
tory system, affecting multiple organ systems when left
unchecked. The intricate interplay between the bacterium
and the host’s immune response results in a complex disease
process with varied clinical presentations. Understanding
this dynamic is crucial for improving TB prevention, diag-
nosis, and treatment.

Pathology and Pathophysiology of M.tb
Endocarditis

Endocarditis is a medical condition characterized by
the inflammation of the heart valves, predominantly af-
fecting the mitral and aortic valves. The presence of
pre-existing valvular damage and underlying cardiac dis-
eases significantly predisposes individuals to this ailment.
It’s important to distinguish between infective and non-
infective endocarditis, with tuberculous endocarditis being
a distinct form of infective endocarditis. Infective endo-
carditis is a complex interplay of various factors leading to
inflammation. It typically begins with bacteria attaching
themselves to and colonizing the valve tissue [16] (Fig. 2).
This adhesion involves specific interactions with molecules
like fibrinogen and other surface proteins, such as clump-
ing factors and coagulase, providing the foundation for pro-
longed bacterial adherence [17] (Fig. 2). A study in ani-
mal models has even revealed increased dextran synthesis
within platelet-fibrin matrices as a result of bacterial ad-
herence, particularly in the context of aortic valve endo-
carditis [18]. Once the environment becomes conducive to
the proliferation of bacterial pathogens, new masses com-
prised of fibrin and platelets, known as vegetations, begin to
form. These vegetations produce toxins that degrade valvu-
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Fig. 1. Mycobacterium tuberculosis (M.tb) Pathological manifestations. M.tb infects the human airway through inhalation. Its pri-

mary presentation leads to Ghon’s complex and granuloma formation, consisting of macrophages and giant cells, including the pathogenic

species, prompted by tumor necrosis factor-ao (TNF-«/). Primary infections commonly enter a latent stage, where a patient’s lung usually

develops fibrosis and scarring. Upon reactivation of M.tb or immunosuppression, patients can present with secondary tuberculosis (TB)

and develop lung lesions. M.tb can also gain access to the bloodstream if the infection is not contained and could lead to a systemic

manifestation known as Miliary TB. In Milliary TB, patients can suffer multiple organ failure, and the infection could be lethal. (The

figure was created by Biorender. https://www.biorender.com/).

lar tissues, ultimately leading to further fibrin-platelet ag-
gregation and the activation of extrinsic clotting pathways
(Fig. 2). This process results in a cytokine storm and ini-
tiates a positive feedback loop. As the vegetations con-
tinue to grow, they promote a pro-inflammatory chemokine
response, further exacerbating the progression of infective
endocarditis [19,20]. This cycle is exemplified by the for-
mation of circulating immune complexes, especially in pa-
tients with infective endocarditis, and is often associated
with ocular, renal, and skin manifestations [21].

Infective endocarditis, by affecting the heart valves,
interferes with the ability of arterial blood to flow efficiently
from the heart to the rest of the body, resulting in system-
atic pathological manifestations. These effects cascade into
end-organ complications, often giving rise to abscess for-
mation in local tissues and triggering immune responses due
to bacteremia. Beginning within the heart, the growth of
vegetations on the lining of the aortic and mitral valves can
lead to the destruction of the valve leaflets, papillary mus-

cle, and interventricular septum. This progressive damage
may ultimately lead to conditions such as myocardial in-
farction and acute coronary syndrome, primarily affecting
the mitral and aortic valves [22]. Tricuspid valve infections,
although less common, can lead to emboli depositions in
the lungs when infective endocarditis affects the right side
of the heart. This is due to the natural blood flow from the
heart to the lungs, resulting in septic emboli. In some cases,
this condition may cause pleural effusions and pneumonia,
as the clots formed from infected thrombus can appear as
round pulmonary infiltrates, occasionally mistaken for tu-
mors on chest radiographs [23,24]. Additionally, infective
endocarditis frequently exhibits skin findings like Osler’s
nodes and Janeway lesions, which are characteristic of its
progressive focal necrotizing vasculitis [25]. Osler’s nodes,
characterized by painful red lesions, are a consequence of
immune complex depositions and emboli lodging in the glo-
mus apparatus of the dermis [26].
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The accumulation of emboli can lead to the forma-
tion of aneurysms in cerebral vessels, particularly due to
damage inflicted on the vasa vasorum and smaller arter-
ies that are essential for cerebral blood flow. The middle
cerebral artery and its branches are among the most com-
monly affected. Although this can result in symptomatic
presentations of cerebral aneurysms, many patients with in-
fective endocarditis may have cerebral lesions from cere-
brovascular complications identified only through magnetic
resonance imaging (MRI), often without any neurological
symptoms [27,28]. Furthermore, in smaller vessels, some
of these emboli may accumulate in the nerve layer of the
retina, presenting as retinal hemorrhages known as Roth
spots [29]. In advanced stages of infective endocarditis, es-
pecially when directly infected by Staphylococcus aureus
(S. aureus), ocular infections may occur, leading to con-

ditions like endophthalmitis. This inflammatory condition
affects the vitreous and aqueous humor of the eye, causing
discomfort and visual disturbances [30].

While S. aureus is the most common bacterial agent
associated with infective endocarditis [31], tuberculous en-
docarditis represents a rare and intriguing variation of this
condition, which warrants further exploration. Tuberculous
endocarditis, much like other bacterial agents, leverages
a similar pathophysiological mechanism to infect valvular
structures of the heart [32]. Despite tuberculosis posing a
significant global health threat, there are documented case
reports that shed light on the signs and symptoms character-
istic of TB endocarditis. For example, one patient with TB
endocarditis displayed significant calcification and granu-
lomas on the anterior mitral leaflet [33]. Another case in-
volved a 17-year-old girl who was diagnosed with infec-
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tive endocarditis via transthoracic echocardiography [34].
Her examination revealed that she was tachycardic, tachyp-
neic, hypotensive, and febrile [34]. The echocardiogram
indicated the presence of large vegetations on both mitral
valve leaflets, with dimensions of 32 x 15 mm on the poste-
rior mitral leaflet [34]. Additionally, vegetations were ob-
served on the septal leaflet of the tricuspid valve and the
aortic valve, along with moderate acute and chronic inflam-
mation, fibrin, and granulation tissue formation, alongside
granulomas. The mitral valve displayed focal necrosis with
calcification, characterized by typical epithelioid cells and
multinucleated giant cells. This case serves as an illustra-
tive example of infective endocarditis and the accompany-
ing severe aortic regurgitation. The confirmation of tuber-
culosis was made through histopathological analysis of the
vegetation [34]. It’s essential to note that valvular endo-
carditis attributed to Mycobacterium tuberculosis is exceed-
ingly rare and is typically reported within the context of mil-
iary tuberculosis. For instance, Cope ef al. [35] reported a
case of disseminated tuberculosis that was accompanied by
echocardiographically documented aortic valvulitis. This
condition was resolved through anti-tuberculous therapy.
Moreover, three cases of right-sided tuberculous endocardi-
tis have been observed in individuals who were intravenous
drug abusers with HIV and had disseminated tuberculo-
sis. The histopathological evaluation of these cases indi-
cated the presence of endocardial miliary tubercles, poly-
poidal tubercles resembling myxomas, nodules on valves,
and thrombi containing entrapped tubercle bacilli. Interest-
ingly, there are no reports in the literature of valvular en-
docarditis attributed to Mycobacterium tuberculosis occur-
ring independently of miliary tuberculosis in immunocom-
petent patients [34]. Recent cases have even involved in-
fants presenting with intracardiac tuberculomas in the con-
text of miliary tuberculosis [36]. In some instances, the
right atrium has also been found to be involved in cases of
TB endocarditis [37]. Nevertheless, due to the slow growth
rate of mycobacteria, the diagnosis and assessment of My-
cobacterial endocarditis can be challenging to achieve prior
to death, contributing to the limited understanding of its
pathophysiology [38].

In conclusion, endocarditis is a complex condition
with infective endocarditis presenting as a multifaceted ail-
ment that significantly impacts heart valves and can lead to
widespread, systemic complications. While Staphylococ-
cus aureus is the primary causative agent for infective endo-
carditis, tuberculous endocarditis represents a rare variant
of this condition, necessitating further research to enhance
our comprehension of this intricate medical phenomenon.

Atypical Mycobacteria Endocarditis.

Endocarditis is traditionally associated with bacterial
species like Staphylococcus and Streptococcus. However,
atypical mycobacteria have emerged as rare yet critical
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contributors to life-threatening mycobacterial endocarditis.
Noteworthy species among these atypical mycobacteria in-
clude Mycobacterium chimaera (M.chimaera), Mycobac-
terium fortuitum (M.fortuitum), and Mycobacterium che-
lonae (M.chelonae), which have been linked to endocardi-
tis [39] (Table 1). These species are generally categorized
as opportunistic pathogens and are commonly associated
with immunocompromised individuals and those with pre-
existing cardiac conditions. Atypical mycobacteria can be
found in various natural reservoirs, including soil, domes-
tic and wild animals, water, food products, and even sewage
[39]. Previous research indicates that atypical mycobacte-
ria can produce biofilms, which enhance their resistance to
antimicrobial agents. However, further studies are neces-
sary to fully comprehend the implications of these species
in the disease process [39].

Table 1. Types of Atypical Mycobacterial species.

Non-tuberculous (Atypical) Mycobacteria

Rapid Growing Slow Growing
M.chelonae M.avium complex
M.fortuitum M.intracellulare
M.marinum M.chimaera
M.uclerans M.haemophilum

M.chelonae-abscessus complex M.xenopi
M.abscessus subsp.massiliense M.kanasasii
M.absessus subsp. bolletii M.simiae
M.smeqmatis M.terrae complex
M.vaccae M.gordonae
M.tuberculosis complex
M.leprae

M.marinum

M.uclerans

Key Opportunistic Pathogens Saprophytes True Pathogens

Endocarditis caused by M.chimaera has shown a
strong association with a history of heart valve surgery.
Typically, M.chimaera is known to primarily cause pul-
monary disease; however, recent cases have revealed it as a
cause of prosthetic valve endocarditis following heart valve
surgery [37]. Public Health England (PHE) has identified
that M.chimaera can lead to severe infections in a small
portion of patients following cardiac surgery. The UK, in
collaboration with various international organizations, has
linked these infections to contaminated heater-cooler units
(HCUs) used during cardiopulmonary bypass surgery [38].
The European Center for Disease Prevention and Control
(ECDC) reported 52 cases of invasive cardiovascular infec-
tions caused by M.chimaera. These cases involved patients
who had previously undergone open-heart surgery in seven
European countries since 2011 [38]. M.chimaera can ex-
hibit long latency periods following cardiothoracic surgery,
with the time between surgery and symptom development
varying from 2 to 58 months [38]. A Swiss investigative
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team identified the source of M.chimaera during the years
2014-2015. They determined that the bacterium originated
from the 3T HCU of cardiopulmonary bypass equipment,
which transmitted the bacteria to the surgical site via con-
taminated water [38]. Invasive Mycobacterium chimaera
infections after open-heart surgery have been reported in-
ternationally and are associated with aerosols generated by
contaminated HCUs used during surgery [39]. M.chimaera
is now recognized as an emerging pathogen causing se-
vere infections of heart valve prostheses, vascular grafts,
and disseminated infections after open-heart surgery [40].
A study has identified aerosol release through breaches in
heater-cooler tanks, leading to the recovery of Mycobac-
terium chimaera and other pathogens from water and air
samples [41].

Additional reports of endocarditis have established a
clear link between M.chelonae and patients with a history
of heart disease. In one case report, an immunocompro-
mised patient was diagnosed with disseminated M.chelonae
infection following pacemaker-lead endocarditis [42]. The
patient had experienced persistent pacemaker malfunction,
necessitating multiple replacements, which increased the
risk of infection. Notably, this was the first reported case
of pacemaker-lead endocarditis due to M.chelonae, and the
patient achieved full recovery following a brief period of
combination therapy [42]. In another case report, an im-
munocompromised patient with a history of rheumatic heart
disease was diagnosed with endocarditis despite having no
prior history of heart disease, recent surgery, or skin infec-
tion. The patient fell ill after developing cerebral infarction
due to embolization from the aortic valve [43].

Similar associations have been observed in endocardi-
tis cases related to M.fortuitum. For instance, a patient
with a history of mitral valve replacement eight years prior
was diagnosed with M.fortuitum pulmonic valve endo-
carditis [44]. Another patient with a surgical history of
cardioverter-defibrillator implantation was diagnosed with
native valve endocarditis and M.fortuitum pacemaker in-
fection [45]. A Serbian study found that three children re-
ceived combination treatment for M. fortuitum-related en-
docarditis shortly after cardiac surgery [46]. These studies,
along with others, suggest that individuals with a history
of cardiac surgery and pre-existing cardiac conditions face
a heightened risk of developing atypical mycobacterial en-
docarditis.

Table 1 shows the different types of mycobacterial
species, which belong to three categories, opportunistic,
true pathogenic, and Saprophytes. Opportunistic species,
like M.chelonae, are usually not infective in healthy adults
and can cause pathology in immunocompromised individ-
uals. True pathogens, such as M.leprae, come equipped
with infective properties and can cause disease in healthy
and immunocompromised individuals. Saprophytes, like
M.gordonae, obtain their nutrition from dissolved organic
materials and can usually cause disease in immunocompro-

mised individuals only. Besides, atypical mycobacterium
species can be classified as rapid-growing or slow-growing,
which can be Saprophytic, true pathogenic, or opportunis-
tic.

Clinical Presentation and Complications of
M.tb Endocarditis

Clinical Presentation

Tuberculosis (TB) stands as a persistent global health
threat and has been a leading cause of mortality world-
wide. It held the grim distinction of being the single most
significant cause of death attributed to a single infectious
agent until the recent emergence of the SARS-CoV-2 virus,
which has overshadowed it in terms of global impact [47].
An estimated one-quarter of the world’s population is be-
lieved to have been exposed to Mycobacterium tuberculo-
sis (M.tb), the causative agent of TB. However, only a small
fraction of individuals exposed to M.tb will progress to de-
velop symptomatic disease and become capable of trans-
mitting the infection to others [47]. In the absence of treat-
ment, TB carries a high mortality rate, estimated at approx-
imately 50 percent [47]. However, the prolonged duration
of TB treatment introduces concerns related to patient com-
pliance, healthcare coverage, and the emergence of drug-
resistant forms of the disease [48—50].

From an epidemiological perspective, M.tb can infect
virtually any organ within the human body, including the
intestines, meninges, lymph nodes, heart, kidneys, bones,
joints, skin, and lungs [51,52]. In all forms of M.tb dis-
ease, the infection can enter a prolonged latency phase be-
fore becoming active, symptomatic, and potentially trans-
missible [52]. Pulmonary TB, which is responsible for the
majority of M.tb cases (85 percent), presents with a spec-
trum of symptoms. The most common symptoms include
chronic productive cough, hemoptysis, fever, night sweats,
loss of appetite, fatigue, weight loss, and malaise [53]. Pul-
monary TB can co-occur with various conditions such as
lymphadenitis, kidney involvement, bone and joint infec-
tions, meningitis, or miliary disease [52].

M.tb endocarditis, on the other hand, is a rare form of
extra-pulmonary TB in which M.tb infects the inner lining
of the heart, primarily around the heart valves [50]. Cases
of M.tb endocarditis are often superimposed on other extra-
pulmonary TB forms, notably miliary TB disease. The di-
agnostic challenge lies in the fact that the symptoms of mil-
iary TB may overshadow the presence of concurrent en-
docarditis. Remarkably, in older case reports dating back
to the early 1900s, the diagnosis of endocarditis was fre-
quently established during autopsies after patients had suc-
cumbed to miliary TB [50,54,55]. The clinical presenta-
tion of M.tb endocarditis typically mirrors the symptoms of
miliary TB disease, featuring common manifestations such
as fever, chest pain, dyspnea, and cardiac murmurs [50,56]
(Fig. 3). TB endocarditis rarely co-occurs with symptoms
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of other cardiovascular diseases, like pericarditis, which
may involve severe chest pain upon coughing and breath-
ing [50]. Recent case reports have unveiled instances of
TB endocarditis during surgical procedures on both native
and prosthetic heart valves. These cases were character-
ized by the presence of valvular vegetations, later histo-
logically confirmed to contain M.tb within cardiac tissue
[50,51]. Unlike pulmonary TB, sputum testing is not a re-
liable diagnostic tool for M.tb endocarditis. The M.tb in-
fection is confined to the patient’s blood and cardiac tissue,
rendering the presence of bacteria in sputum unlikely unless
pulmonary symptoms co-occur with endocarditis, which is
a rare scenario [50]. Additionally, it is important to note
that Myocardial endocarditis is only contagious when ac-
companied by pulmonary symptoms [50,57].

. Fever

. Cardiac Murmurs

M.tb Endocarditis
clinical

Dyspnea presentations

. Chest pain

Colors represent the
Proportion of Symptoms

Fig. 3. Clinical Symptoms of Infective TB Endocarditis. Fig. 3
shows the most common clinical manifestations of M.tb endo-
carditis, ordered from most common to least common, including
fever, cardiac murmurs, Dyspnea, and chest pain. (The figure was

created by Biorender. https://www.biorender.com/).

Complications of M.tb Endocarditis

A major concern in the management of M.tb endo-
carditis is the emergence and increasing prevalence of drug-
resistant TB variants. The World Health Organization
(WHO) has classified these variants as isoniazid-resistant
TB, multi-drug-resistant TB, and extensively drug-resistant
TB [47]. The growing prevalence of drug-resistant forms
poses a significant challenge in treating various TB pre-
sentations. TB endocarditis is often complicated by co-
infection with other diseases, particularly HIV. HIV infec-
tion impairs the immune system, making it more suscep-
tible to TB, and extra-pulmonary TB variants, including
TB endocarditis, are notably more common in patients with
both TB and HIV. A study suggests that TB endocarditis
should be considered a possibility in all patients with HIV
and valvular heart disease [57]. Sepsis, a potentially fatal
complication, is more common in individuals with compro-
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mised immune systems, further complicating the diagnosis
and treatment of TB endocarditis [58,59]. Some cases of
M.tb endocarditis may present with massive hemoptysis, a
complication arising from M.tb reaching the blood supply
in the lungs, specifically in the bronchial or pulmonary sys-
tems [59]. Chronic complications, such as valvular tissue
scarring, lung airway and parenchymal damage, bronchiec-
tasis, chronic obstructive pulmonary disease (COPD), and
aspergillomas, may persist even after the effective clear-
ance of the TB infection from the patient’s system [58,59].

Environmental and Genetic Predispositions to
M.tb Endocarditis

The interplay between various factors, including ge-
netics and environmental predispositions, can result in in-
creased susceptibility to the development of M.tb infec-
tions. Many genes have a vital role in the immune system’s
overall efficacy of the body’s response when encountering
a pathogen, such as M.tb. Previous research has demon-
strated polymorphisms in human leukocyte class II genes
(HLA), specifically HLA-DRBI*14, have been associated
with higher susceptibility to M.tb, as these genetic varia-
tions were more prevalent in patients with active M.tb in-
fections [60]. Additionally, polymorphisms of the toll-like
receptor (7LR2) gene in Moroccan populations were asso-
ciated with increased susceptibility to TB, as the TLR sig-
naling pathway is responsible for the body’s ability to rec-
ognize and combat M.tb infection [61,62]. Patients with the
homozygous genotype of the Arg753GlIn polymorphism in
the TLR2 gene have nearly a 6-fold higher risk of develop-
ing M.tb [63]. Genetic variability in the immune response
contributes to the predisposition to acquiring diseases such
as M.tb.

Vitamin D receptor genes are also heavily involved
in the innate immune system, and the FokI-FF polymor-
phism, in conjunction with Vitamin D deficiency (measured
through plasma vitamin D levels), showed a higher risk
for M.tb infections [64]. Single nucleotide polymorphisms
(SNPs) in specific cytokine genes are highly associated with
M.tb infection risk. The G-308A variant in the promoter re-
gion of the TNF-a gene has been shown to affect the down-
stream signaling of the pro-inflammatory response related
to M.tb [65]. Similarly, other SNPs in IL-10 (-1082 G/A)
and IFN-g (+874 T/A) have been associated with the de-
velopment of M.tb infections, as they alter the levels of
these cytokines, which play a vital role in the regulation of
a healthy immune response [65,66].

One study demonstrated patterns of inheritance, as
those residing in densely populated regions rampant with
M.tb developed a resistance to the disease. In contrast,
those more susceptible to developing M.tb had ancestors
from M.tb-free regions [67]. In addition, twin studies have
also played a vital role in proving host gene prevalence,
with higher incidence seen in monozygotic twins [68].
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Several environmental factors have contributed to the
development of M.tb infections over time. A prior epidemi-
ological study has shown a correlation between overcrowd-
ing, homelessness, and urbanization with higher rates of
M.tb infection [69]. Sociodemographic studies performed
in Malaysia showed a higher rate of M.tb cases in prisons,
as they involved dense inmates in poorly ventilated envi-
ronments with drug addicts, HIV carriers, and other high-
risk groups [70]. Understanding predisposing environmen-
tal factors that harbor higher M.tb infection rates will help
provide information regarding which populations require a
higher priority for TB screening and control.

Infectious endocarditis is an inflammation resulting
from a bacterial infection within the inner lining of the
heart chambers and valves [71] (Fig. 2). Individuals with
weakened immune systems, possibly due to SNPs, are at
a higher risk of developing extra-pulmonary TB, includ-
ing TB endocarditis. In a case study, a patient presented
with findings of M.tb infection but received a negative M.tb
test result. This led clinicians to consider extra-pulmonary
screening to identify better and treat blood culture-negative
infective endocarditis [72]. SNPs within 7LR2, specifically
R753Q, which were previously associated with M.tb infec-
tions, also increased susceptibility to infective endocarditis
[62]. Another case study of a patient in Nepal demonstrates
how environmental risk factors, including intravenous drug
use, smoking, and heavy alcohol use, can increase the risk
of infective endocarditis due to M.tb [66]. A 19-month-
old from a developing country, newly diagnosed with HIV,
had a unique presentation of focal neurological deficits as a
symptom of extra-pulmonary TB [73]. The immunocom-
promised environment of HIV and the predisposition of
limited access to care increase the risk of conditions such
as infective endocarditis [73]. Currently, there is limited
research regarding the genetic and environmental predis-
positions contributing directly to TB endocarditis, so the
generalizability of case study results cannot be applied.

Treatment Options (Including Current and
Future Perspective) of M.tb Endocarditis

Current Treatment Protocol

Designing and testing an effective treatment protocol
for M.tb endocarditis presents inherent challenges. Stud-
ies are typically conducted retrospectively, and they of-
ten encompass mixed clinical presentations [74]. Because
M.tb endocarditis is relatively rare, treatment protocols are
typically extrapolated from the historical success of man-
aging pulmonary or miliary TB [75]. The current treat-
ment regimen relies on a combination therapy involving
four drugs: isoniazid, rifampicin, ethambutol, and pyraz-
inamide, with distinct dosages for initial and continuation
phases [74]. Dosages may vary, but successful outcomes
have been reported with ethambutol (20 mg/kg/day), iso-
niazid (10 mg/kg/day), pyrazinamide (25 mg/kg/day), and

rifampicin (10 mg/kg/day). The treatment duration ex-
tends to six months if the pathogen is confirmed as M.tb
culture-positive. In cases where pyrazinamide was initially
omitted, the treatment duration should be extended to nine
months [76]. In select instances, only isoniazid and ri-
fampicin are retained for the continuation phase, which is
typically of an extended duration; moreover, anti-TB treat-
ment is extended to 12 months in most scenarios [76]. Due
to the slow growth rate of M.tb and the unreliability of blood
culture sensitivity, the initial phase frequently commences
before pathogen confirmation is available [71]. An Xpert
MTB/RIF assay may be conducted to assess rifampin resis-
tance, thereby aiding in preventing overtreatment and avert-
ing the development of drug-resistant infections.

Future Perspective

DNA gyrase, a type Il topoisomerase enzyme cru-
cial for DNA processes in M.tb, is inhibited to induce
bacterial death. This inhibition, crucial for transcription,
replication, and recombination, leads to permanent double-
strand breaks and the accumulation of cleaved DNA frag-
ments [77]. Chemical entities targeting GyrB, especially
aminobenzimidazoles, exhibit potent activity against drug-
resistant TB [78]. The optimization of these entities led to
the development of SPR720, representing a novel class of
GyrB inhibitors [78]. This discovery underscores the po-
tential for GyrB as a target for tackling drug-resistant TB
and introduces SPR720 as a promising candidate in this re-
gard [78].

The diarylquinoline bedaquiline (BDQ), a recently ap-
proved anti-TB drug, inhibits the ¢ subunit of mycobacterial
Adenosine Triphosphate (ATP) synthase, disrupting energy
metabolism and reducing intracellular ATP levels in M.tb
[79,80]. However, BDQ poses challenges due to potent in-
hibition of the human ether-a-go-go-related gene (hERG)
cardiac potassium channel, associated with QT prolonga-
tion and arrhythmia, leading to a black box warning [81].
To address these issues, next-generation lead optimization
aimed at reducing lipophilicity and cardiotoxicity was ini-
tiated, resulting in the identification of two compounds,
TBAJ-587 and TBAJ-876 [81]. In animal models, TBAJ-
587 demonstrates better efficacy than BDQ, while TBAJ-
876 shows comparable activity. Importantly, the hERG in-
hibitory activities of TBAJ-587 and TBAJ-876 are lower
than BDQ [82]. Both compounds are currently in Phase I
clinical trials [78]. These developments highlight promis-
ing alternatives to BDQ with improved safety profiles and
enhanced anti-TB efficacy [83].

The cytochrome b subunit (QcrB) of the cytochrome
bcl complex in M.tb has emerged as a target, and imida-
zopyridine amides (IPAs) were identified through pheno-
typic screening as potent inhibitors of QcrB [84]. Q203,
an optimized IPA derivative, exhibited strong growth inhi-
bition against DS M.tb H37Rv strain (MIC50 = 2.7 nM)
and MDR/XDR M.tb clinical isolates (MIC90 <0.43 nM
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for most DR strains) [84]. It demonstrated minimal cy-
totoxicity, good tolerance in mice, and low risk of car-
diotoxicity, advancing into Phase II clinical trials (Telace-
bec) [84]. Another QcrB inhibitor, TB47, a pyrazolo [1,5-
a] pyridine-3-carboxamide derivative, showed potent anti-
TB activities against various M.tb clinical isolates [85].
TB47 displayed promising pharmacokinetics (PK) and toxi-
city profiles, synergizing with pyrazinamide (PZA) and RIF
in mouse infection models, suggesting potential efficacy
in combination therapies [85]. These compounds present
valuable candidates targeting QcrB, showcasing both po-
tent anti-TB activities and favorable safety profiles [84,85].

Conclusion

The diagnosis and assessment of tuberculous endo-
carditis present significant challenges, mainly due to the
slow growth rate of mycobacterial agents, leading to a lim-
ited understanding of its pathophysiology. Despite the in-
frequency of mycobacterial endocarditis, its prognosis can
be severe. The intrinsic resistance of mycobacterial species
to various antimicrobial agents complicates treatment, em-
phasizing the need for prompt and precise therapeutic inter-
ventions. Further investigations are crucial to refine treat-
ment strategies and achieve accurate differential diagnoses,
especially considering the potential involvement of atypical
mycobacterial species. Given the challenges in treating my-
cobacterial endocarditis, there is a pressing need for exten-
sive research efforts to explore preventive measures. This
includes the development of an enhanced tuberculosis vac-
cine. Additionally, gaining comprehensive insights into the
synergistic interplay between genetic predispositions and
environmental factors influencing Mycobacterium tuber-
culosis (M.tb) infections and infectious endocarditis holds
promise. This knowledge can pave the way for more per-
sonalized approaches to clinical diagnosis, management,
and prevention. Overall, addressing these challenges re-
quires a multidisciplinary effort to enhance our understand-
ing and develop effective strategies for tackling mycobac-
terial endocarditis.
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