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Abstract

:

Rheumatic heart disease (RHD) represents a serious cardiac sequela of acute rheumatic fever, occurring in 30–45% of patients. RHD is multifactorial, with a strong familial predisposition and known environmental risk factors that drive loss of immunological tolerance. The gut and oral microbiome have recently been implicated in the pathogenesis of RHD. Disruption of the delicate balance of the microbiome, or dysbiosis, is thought to lead to autoimmune responses through several different mechanisms including molecular mimicry, epitope spreading, and bystander activation. However, data on the microbiomes of RHD patients are scarce. Therefore, in this comprehensive review, we explore the various dimensions of the intricate relationship between the microbiome and the immune system in RHD and other rheumatic diseases to explore the potential effect of microbiota on RHD and opportunities for diagnosis and treatment.
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1. Introduction


1.1. Rheumatic Heart Disease


Rheumatic heart disease (RHD) is a serious cardiac sequela of acute rheumatic fever that can result in cardiac failure and valvular damage in children and young adults [1]. Rheumatic fever remains a significant healthcare burden in low- and middle-income countries [2]. Pharyngeal infection with beta-hemolytic group A streptococcal bacteria causes a systemic inflammatory response 2–3 weeks after the infection, which subsequently damages the tissues of several organs, especially the heart, joints, brain, and skin [3]. The clinical presentation is variable, but the most common manifestations are painful joints and cardiac involvement, the latter including carditis, valvular lesions, conductive system disorders, and pericardial disease. Cutaneous (erythema marginata, subcutaneous nodules) and neurological (Sydenham’s chorea) manifestations also occur.



Acute rheumatic fever occurs in about 0.3–3% of people infected with group A streptococci. The inflammatory tissue damage usually resolves within weeks to months and valvular involvement in this phase is most often minimal to moderate. Nevertheless, about 30–45% of patients with acute rheumatic fever will develop permanent valvular damage and chronic rheumatic disease, in which there is persistent inflammation of heart tissue in the absence of bacteria [4,5]. This immunological reaction and the vulnerability of the infected individual to rheumatic fever or long-term RHD depend on three main factors: the bacterial strain, host genetic predisposition, and aberrant host immune responses (Figure 1) [6,7]. The virulence of GAS strains plays a pivotal role in initiating and perpetuating the cascade of events leading to RHD. Virulence factors such as M-proteins, which facilitate immune evasion, and streptolysin O, which induces tissue damage, contribute to the heightened pathogenicity of certain GAS strains. Additionally, GAS strains capable of forming biofilms on cardiac surfaces create a conducive environment for persistent infections and exacerbate immune responses. The interplay between these bacterial attributes, the host’s genetic susceptibility, and the subsequent immune responses forms the basis of RHD pathogenesis. It is important to highlight that there are several infections that may be linked to varying degrees of cardiac manifestations. For instance, Mycoplasma pneumoniae, as part of a spectrum of extra-pulmonary reactive manifestations, can also give rise to cardiac issues [8,9].



In terms of an underlying mechanism, RHD is thought to be driven by an autoimmune response occurring due to antigenic mimicry between specific bacterial surface proteins and antigens expressed at the cell surface of genetically predisposed individuals [10]. These bacterial surface proteins, which mimic elements of human cardiac myosin including the carbohydrate epitope, N-acetyl glucosamine, and spiral M protein, activate CD4+ T cells, B cells, and macrophages, which target host cells [4]. Moreover, monocyte activation produces proinflammatory cytokines including tissue necrosis factor alpha (TNF) and interleukins 1 and 2 (IL-1 and IL-2), which contribute to the long-term effects of rheumatic fever [11].



Mediated by immune activation, antigen-antibody complexes cause the degeneration of connective tissue, tissue edema, and formation of Aschoff nodules, which consist of plasma cells, macrophages, polymorphonuclear leukocytes, Anitschkow cells, multinucleated cells, and a few lymphocytes. These nodules are found in the endocardium, subendocardium, and around myocardial blood vessels [12]. Furthermore, vascular cell adhesion molecule 1 (VCAM-1) is expressed on the endocardium, which helps CD4+ cells to adhere to the endocardium to cause valve inflammation and neovascularization, in turn promoting blood flow and further delivery of inflammatory cells that further damage the valves [12].



A genetic predisposition for RHD is well established. Epidemiological studies have shown that individuals with parents who developed RHD are more susceptible to developing the disease, and there is 44% concordance in RHD for monozygotic twins and 12% for dizygotic twins [13], equating to a heritability of approximately 0.6 [14]. Furthermore, genome-wide association studies (GWAS) have established that certain genetic variants in the major histocompatibility complex, especially human leukocyte antigen class II, and in other immune system genes are associated with the disease [15]. However, a more recently established risk factor for RHD is dysbiosis of the oral cavity and the gut microbiota, as discussed below [16].




1.2. Signaling Pathway in RHD


Several signaling pathways are now known to be important in the pathogenesis of RHD. One of the most important signaling pathways involved in RHD is the Toll signaling pathway, where each member of the Toll-like receptor family recognizes distinct pathogen-associated molecular patterns (PAMPs) derived from microbial pathogens. TLR2 and TLR4 are of particular relevance to RHD, as they recognize components of group A Streptococcus, lipoteichoic acid and lipopolysaccharide, respectively [17]. Activation of TLR2 and TLR4 triggers a cascade of intracellular events that lead to the production of pro-inflammatory cytokines and immune cell recruitment. Most Toll-like receptors, including TLR2 and TLR4, activate the MyD88-dependent pathway, which initiates critical downstream signaling events [18], including the activation of the nuclear factor-kappa B (NF-κB) transcription factor and mitogen-activated protein kinases (MAPKs). These pathways in turn activate expression of pro-inflammatory cytokines such as IL-1β, IL-6, and tumor necrosis factor-alpha (TNF-α) [19]. Indeed, MAPK cascades including extracellular signal-regulated kinases (ERKs), c-Jun N-terminal kinases (JNKs), and p38 MAPK are activated in RHD, thereby contributing to valve degeneration and fibrosis [20]. Activation of transforming growth factor-beta (TGF-β)—a multifunctional cytokine that regulates various cellular processes including immune responses, cell proliferation, and extracellular matrix (ECM) remodeling—has also been reported in RHD, where it contributes to valvular inflammation, fibrosis, and calcification. Dysregulated TGF-β pathway activation leads to an imbalance between ECM synthesis and degradation, resulting in valvular dysfunction [21].



The lectin pathway is one of the three complement activation pathways, along with the classical and alternative pathways. The lectin pathway is initiated by the binding of pattern recognition molecules known as lectins to carbohydrate structures present on microbial surfaces. In RHD, the mannose-binding lectin (MBL) is of particular importance, since it recognizes carbohydrate moieties on the surface of group A Streptococcus, triggering complement activation. Dysregulated MBL-mediated lectin signaling in RHD contributes to excessive inflammation and tissue injury [22]. Complement activation plays a critical role in host defenses and immune regulation and, in RHD, it is activated via multiple mechanisms, including the lectin pathway. Complement components such as C3 and C5 contribute to the amplification of the inflammatory response by generating anaphylatoxins (C3a and C5a) and assembling the membrane attack complex (MAC), resulting in tissue injury [23]. Additionally, complement activation promotes the recruitment and activation of immune cells, exacerbating the inflammatory cascade and sustaining inflammation and tissue injury in RHD patients. Interestingly, there is emerging evidence of a bidirectional relationship between the microbiome and complement activation, wherein the microbiome influences complement activity and complement components shape the composition and function of the microbiome [24].



Therefore, our objective in this review is to understand the various dimensions of the intricate relationship between the microbiome and the immune system in RHD and other rheumatic diseases to explore the potential effect of microbiota on RHD and opportunities for diagnosis and treatment. This may help in developing prophylaxis or treatment protocols to protect children from developing RHD and permanent damage of the heart valves.





2. Human Microbiota


The human microbiota consists of microorganisms (bacteria, fungi, and viruses) that reside on or within the human body [25]. Different factors influence microbial composition such as diet, age, and xenobiotics, which result in large inter/intra-personal diversity in the human microbiota. In addition, the composition of microbial communities differs at different body sites (such as the gut, skin, oral cavity, and vagina) [26]. The human microbiota has been shown to play an important role in different physiological processes, such as immune homeostasis, inflammation [27], and nutrient and drug metabolism [28].



The gut microbiota is a dynamic and diverse microbial community that resides in the digestive system, and it is the largest compared with other body sites [29]. The intestinal microbiota contains over 1500 species, mainly of the phyla Bacteroidetes and Firmicutes, which account for 90% of the gut microbial community [30]. The gut microbiota plays an important role in protecting the host against pathogens by colonizing mucosal surfaces and producing microbial metabolites [31]. It also plays an essential role in digestion and metabolism. Perhaps unsurprisingly, given its physiological relevance, the human microbiome is now implicated in the development of several different diseases including cardiovascular disorders [32], metabolic diseases [33], and neurological disorders [34].



The second most complex microbial community is found in the oral cavity, and it has been shown to influence both oral and systematic health [35]. The oral microbiota is diverse, comprising ~700 species, of which only 54% have been cultured and named [36]. The oral microbial community can be altered by the presence of periodontal pathogens, which then affect microbiome–host interactions, resulting in local inflammation and periodontal tissue destruction [37]. Oral microbial dysbiosis has also been associated with different diseases, such as cancer, inflammatory bowel disease, cardiovascular disorders, Alzheimer’s disease, celiac disease, and IgA nephropathy [38,39,40]. Therefore, an in-depth understanding of the involvement of the human microbiota in health and its interaction with the host could help in the development of new therapies that maintain host-microbiota homeostasis [41]. To achieve this, it is first necessary to understand the complex interactions occurring between microbiota and host as well as microbe–microbe interactions within the host.




3. The Role of Microbiota in the Pathogenesis of RHD


Several studies have now implicated the gut microbiome in a number of cardiovascular disorders including pulmonary arterial hypertension [42], chronic heart failure [43], intracranial aneurysms [44], and atherosclerosis [45]. Furthermore, the oral microbiota has also been associated with cardiovascular disorders, as periodontal bacteria DNA has been detected in cardiac tissues and atherosclerotic plaques [45,46]. In addition, periodontitis (inflammatory oral disease) is associated with an increased risk of developing stroke, atherosclerosis, rheumatoid arthritis, and diabetes [47]. However, there are only limited data on the potential role of the gut and oral microbiota in the pathogenesis of RHD (Figure 2).



Shi and colleagues recently analyzed the microbial composition of RHD patients and identified a potential role for microbiota in the pathogenesis of RHD [16]. The authors showed that RHD patients have altered gut and oral microbiota, which they suggested might translocate to the mitral valves and increase the severity of the disease. They detected an increased relative abundance of Bifidobacterium and Eubacterium and decreased relative abundance of Faecalibacterum and Bacteroides in RHD patients compared with controls. Although Bifidobacterium and Eubacterium are usually considered part of the normal flora [48], several studies have detected increased levels of these organisms in patients with different inflammatory and autoimmune disorders, such as inflammatory bowel disease and systemic lupus erythematosus (SLE) [49,50]. In addition, Faecalibacterum and Bacteroides are known to be important producers of propionate and butyrate [51], which play essential roles in mediating immunity [52]. Therefore, decreased levels of Faecalibacterum and Bacteroides might decrease propionate and butyrate levels, thereby negatively impacting the immune system and promoting the development of RHD. It has also been suggested that, during progression of RHD, a decrease in some beneficial microbial genera (Faecalibacterum and Bacteroides) disrupts immune homeostasis, thus, increasing Bifidobacterium and Eubacterium as a feedback mechanism [16]. Short chain fatty acids (SCFAs), such as butyrate, produced from various gut microbial species are well known to affect immune homeostasis and inflammatory response [53]. Studies have shown that SCFAs play a role in B-cell differentiation through histone deacetylase (HDAC) inhibition [54]. Also, several studies have showed the implication of B-cells in the pathogenesis of RHD through its interaction with T-cells and enhancing the production of interleukins [55]. Therefore, reduced levels of SCFAs and its metabolite negatively impacting the immune system could be implicated in the pathogenesis of RHD.



However, the exact function of these gut microbial genera in RHD has yet to be established. In comparison to other cardiovascular disorders, patients with chronic heart failure have a low abundance of Bifidobacterium [43], which is opposite to the pattern seen in RHD patients. In patients with pulmonary arterial hypertension, Bacteroides are decreased while Bifidobacterium are increased [42], similar to RHD cases [16]. However, pulmonary arterial hypertension patients have decreased abundance of Eubacterium [42], which were found to be increased in RHD patients [16]. Therefore, it has been proposed that the same bacteria show pleiotropism, thereby playing different roles in different cardiovascular conditions. Gong and colleagues studied a cohort of RHD patients with atrial fibrillation to examine associations between serum trimethylamine N-oxide (TMAO) (a gut microbiome metabolite) levels and thrombus formation [56], and patients who developed thrombus had higher levels of TMAO, betaine, and choline compared with patients who did not develop thrombus. In addition, TMAO levels were positively associated with platelet hyperactivity and thrombus formation in RHD patients with atrial fibrillation [56].



In RHD patients, there appears to be greater microbial richness in the salivary microbiota compared with healthy controls, which may be due to poor oral hygiene [16,57]. Furthermore, Streptococcus levels were found to be higher in the saliva and subgingival plaques of RHD patients [16]. In the same study, Roseburia, Lachnoanaerobaculum, and Corynebacterium in subgingival plaques correlated positively with RHD severity. In addition, potential transmission of the oral and gut microbiome to the mitral valves in RHD patients was inferred through shared microbial genera at the different sites [16]: Streptococcus, Shigella, Lactobacillus, and Bacteroides were common in the mitral valve and fecal samples, while Streptococcus and Fusobacterium were shared between the mitral valves and saliva/subgingival plaques. In addition, increased and decreased levels of Proteobacteria and Firmicutes, respectively, were detected in the mitral valves compared with the gut, subgingival plaques, and saliva. Streptococcus was abundantly distributed in the mitral valves of all RHD patients, which could support the theory that streptococcal infection can translocate to the circulation and access the subendothelial collagen matrix [58]. Therefore, translocation of these microbial genera to heart valves might release antigens that induce an autoimmune response against the cardiac tissues in RHD patients (Figure 3). In addition, the blood microbiome might represent an independent biomarker for cardiovascular disorders and autoimmune rheumatic disorders [59], but there has yet to be a direct study of the blood microbiome in RHD patients.




4. Lessons from Other Rheumatic Disorders—The Role of Microbiota


4.1. Joint Involvement and Rheumatoid Arthritis


Rheumatoid arthritis (RA) is an autoimmune disease that affects the joints and is characterized by the presence of circulating rheumatoid factor and anti-citrullinate peptide antibodies. RA has a multifactorial pathogenesis, with both genetic and environmental factors involved [60]. There have now been several studies on the potential role of microbiota, mainly the oral microbiota, in the disease [61,62,63,64]. The gut is implicated in the pathogenesis of RA through intestinal epithelial barrier integrity loss and the development of gut inflammation. Matie and colleagues showed that the gut permeability of patients with active RA was enhanced compared with controls, and the permeability was positively correlated with disease severity [65]. This enhanced gut permeability in RA could be due to gut microbial dysbiosis characterized by reduced gut microbial diversity and enhanced abundance of Eggerthella, Actinomyces, Turicibacter, and Streptococcus [66]. It has also been suggested that Actinobacteria, mainly Collinsella and Eggerthella genera, play an important role in the pathogenesis of RA and can be used as a biomarker to predict RA status [66]. Collinsella might contribute to RA pathogenesis through tight junction disruption and molecular mimicry, as it shares sequences with DRB1*0401 [67], thereby leading to increased gut permeability and enhanced immune activation and inflammation. In addition, treatment with methotrexate (the main drug used in patients with RA) partially restored gut microbial dysbiosis in RA patients [62,67], further suggesting that the gut microbiota may be a useful prognostic tool. Moreover, a recent systematic review showed that the gut microbial profile of RA patients shows decreased abundance of Faecalibacterium and increased abundance of Streptococcus [61]. Another study reported increased enrichment of butyrate-consuming species and decreased enrichment of butyrate-producing bacteria in RA patients; this reduction in beneficial butyrate-producing bacteria was also correlated with anti-citrullinated peptide antibody production and severity of joint deformity [32]. Other studies have detected an increased abundance of Prevotella copri in RA animal models and patients and a strong correlation with early stage disease [68,69]. Prevotella copri was associated with severe arthritis, increased Th-17 levels, and induction of IL-6 and IL-23 (Th-17-related cytokines) [68]. Therefore, intestinal Prevotella copri might initiate the development of RA. It is also important to mention that the patient characteristics (disease stage (early/late), disease severity) may also contribute to the different detected microbial compositions [66]. Therefore, further functional studies are needed to clearly understand the role played by the gut microbiota in RA development.



Other autoimmune arthritides have also been reported to be associated with changes in the microbiota profile, such as in ankylosing spondylitis and psoriatic arthritis [70]. A quantitative metagenomic study found that patients with ankylosing spondylitis had increased abundance of Prevotella melanogenic and Prevotella copri and decreased abundance of Bacteroides spp. [71]. It has been also reported that inflammasome activation is associated with gut microbial dysbiosis in ankylosing spondylitis [72], and certain enriched species might induce autoimmunity by molecular mimicry [73].



Furthermore, in a systematic review and meta-analysis, periodontitis was found to be more frequently present in RA patients, with a risk ratio of 1.13 compared with healthy controls [74]. A recent pilot study found that Streptococcus parasanguinis and Actinomyces meyeri are abundant at subgingival sites of patients with RA, while Gemella morbillorum, Kingella denitrificans, Prevotella melaninogenica, and Leptotrichia spp. were abundant in controls [63]. Another study showed that patients positive for anti-citrullinate peptide antibodies have increased abundance of P. gingivalis and a dysbiotic subgingival microbiome profile [64], therefore supporting the hypothesis that the oral microbiota could be an important player in RA pathogenesis. Similarly, another study found that 75% of RA patients suffer from moderate–severe periodontitis, which was associated with anti-citrullinate peptide antibody production, a disrupted subgingival microbial profile, and increased inflammatory mediators [75]. Despite the link between RA and periodontal disease reported in various studies [74,75,76], the exact relationship and mechanism have yet to be identified. However, different mechanisms have been proposed as to how the oral microbiota is involved in RA pathogenesis, namely molecular mimicry, Th-17 activation, microbial translocation, microbial profile modulation, and P. gingivalis peptidylarginine deiminase (PPAD) citrullination [77].




4.2. Skin Involvement and Dermatomyositis


Microbiota have also been implicated in the skin manifestations observed in patients with different rheumatic diseases, such as SLE and dermatomyositis. SLE is a multifactorial autoimmune disorder with common cutaneous manifestations [78]. Since the skin microbiota is considered an important contributor to the pathology of many dermatological diseases [79], it is important to discuss its potential role in autoimmune rheumatic diseases. In a study of SLE patients with cutaneous manifestations, the skin microbial diversity was reduced, with decreased abundance of Ralstonia, Klebsiella, and Prevotella compared with healthy controls [78]. In addition, the same study showed an increased abundance of Firmicutes, Actinobacteria, Staphylococcus, and Proteobacteria in both lesional and unaffected skin of SLE patients. S. aureus and S. epidermidis were also identified as potential skin biomarkers for the diagnosis of SLE. Another recent study found increased Halomonas and decreased Pelagibacterium, Novosphingobium, and Curvibacter in the skin lesions of SLE patients compared with healthy skin areas [80]. The gut microbiome has also been implicated in dermatomyositis (DM), an autoimmune myopathy associated with muscle weakness and skin rashes. DM patients were reported to have lower gut microbial diversity compared with healthy controls [81], and a subgroup of DM patients with interstitial lung disease (ILD)-associated MSA had decreased abundance of Christensenellaceae and Ruminococcaceae. There are only limited data on the role of the skin microbiota in rheumatoid autoimmune disorders such as SLE, and further studies are warranted to identify and elucidate the function of specific skin microbial species in the cutaneous manifestations of patients with rheumatoid disorders.




4.3. Neurological Involvement and Fibromyalgia Syndrome


Various studies have shown that the gut microbial profile affects different brain processes through the so-called “gut-brain axis” [82]. Therefore, the gut microbiota could be involved in the neurological manifestations of different rheumatic disorders. Fibromyalgia syndrome (FMS) is a chronic rheumatic disorder associated with cognitive deficiencies, memory, and depression [83,84], and FMS has been associated with an altered gut microbial profile, with Parabacteroides merdae, Clostridium scindens, and Blautia hydrogenotrophica all differentially abundant compared with healthy controls [85]. Another study revealed involvement of the gut microbiota in FMS patients with chronic widespread musculoskeletal pain. The authors of this study detected reduced microbial diversity in FMS patients with chronic pain, with Coprococcus significantly depleted [86]. Finally, Garcia and colleagues detected a lower abundance of Bifidobacterium and Eubacterium, which are known to be involved in the neurotransmitter metabolism in FMS cases [87]. The same study also found a reduction in glutamate and serine levels, suggesting a reduction in neurotransmitter metabolism in FMS patients.



From the available literature regarding microbial profiles in different rheumatic disorders, we can observe the potential interplay between microbiome and immunity in the pathogenesis of these diseases. Although this will provide insight into the role of the microbiome in RHD, many studies are still needed to investigate the functional mechanism correlating the microbiome with RHD pathogenesis. Since several immunological pathways are involved in the pathogenesis of RHD, it is suggested that gut and oral microbial dysbiosis negatively affect the immune system leading to a dysregulated immunity and enhanced inflammation response in RHD. In addition, due to the similar pattern of lower gut permeability and decreased SCFAs producing bacteria between RHD [16] and other rheumatic disorders [71,88], the relationship between gut microbial alteration and immunity could be a possible player in RHD. However, till this date there is no study that functionally assesses the impact of microbiome on RHD pathogenesis. Further studies are needed on gut permeability and bacterial translocation in RHD cases, as observed in other rheumatic disorders, such as rheumatoid arthritis [89]. In addition, due to the correlation between immunity and SCFAs [90], it is essential to study the circulating and fecal levels of SCFAs in RHD patients and correlate their levels with RHD clinical indices. This will provide more insight into the microbial profile of RHD patients. In addition, identifying the SCFAs profile in these patients will further give insight into the pathogenic mechanism of the disease. Furthermore, oral and gut microbial profile are affected by several genetic and environmental stimuli (Diet, medication,, etc.), thereby, it is important to take these factors into consideration while investigating RHD cases. Although 16S microbial profiling is a valuable tool for identifying the gut microbial profile, it has several limitations, such as low taxonomical resolutions and the inability to identify several microbial strains [91]. There is also a need for large-scale studies to further understand the complex interaction between microbiome, immunity, and RHD development.





5. Probiotics Use in Rheumatic Diseases


Probiotics are microorganisms that regulate the gut microbiota through the secretion of various metabolites (e.g., short-chain fatty acids, SCFAs) to regulate the immune system and improve health [92,93]. Although probiotics have not been investigated as a therapeutic option for patients with RHD or in cases of rheumatic fever, lessons can be learned from other autoimmune rheumatoid disorders. In SLE, long-term supplementation with probiotics has been proposed to balance the gut microbial profile, consequently reducing antibody production and inflammation and attenuating the clinical manifestations of SLE [94]. Mu et al., showed that, in an SLE mouse model, administration of probiotics (lactobacilli and L. reuteri) reduced endotoxemia, reduced intestinal IL-6, increased IL-10, and improved Treg–Th17 balance [95]. In addition, a recent randomized controlled trial of RA patients assessed the impact of an anti-inflammatory diet supplemented with probiotics on cardiovascular risk factors [96] and found that probiotic supplementation improved CVD risk markers, namely blood lipid profile and B100/Apo-A1 ratio [96]. Another study showed that probiotic supplementation improved the disease activity score of RA patients and decreased serum insulin and high-sensitivity C-reactive protein (hs-CRP) levels [97]. Although the impact of probiotics on gut health is well known, the molecular and biological mechanisms underlying their anti-inflammatory and immunomodulatory role in different rheumatic disorders have yet to be fully defined. It has been suggested that probiotics mediate their beneficial effects through three main actions: antimicrobial, immune response regulation, and competitive exclusion [94]. SCFAs are important mediators of these functions as they regulate the function of different immune cell types, thereby modulating the immune response and inflammation [98,99]. Probiotics were also found to regulate T helper and T reg cell function and induce immune tolerance, since they are important players in the pathology of different rheumatic disorders [100]. Additional studies are now needed to fully understand the role of probiotics in RHD, to pave the way for personalized treatment using probiotics in these patients.




6. Conclusions


In conclusion, exploring microbiome variations in rheumatic diseases has yielded valuable insights into the intricate interaction between the immune system and the body’s microorganisms. However, much remains undiscovered concerning RHD. Given the belief that gut dysbiosis contributes to RA by disrupting barriers and causing inflammation, it is reasonable to speculate similar mechanisms in RHD. The complexity arises from RHDs diversity, genetic and environmental influences, and the dynamic microbiome. However, leveraging advanced sequencing and innovative research, we are poised to uncover the microbiome-RHD connections. This knowledge offers potential for innovative therapies and personalized interventions.
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Figure 1. Development of rheumatic heart disease is influenced by different factors. After pharyngeal infection with beta-hemolytic group A streptococcal bacteria, less than 3% of patients develop rheumatic fever and around 40% of those patients develop rheumatic heart disease. Antigenic mimicry, genetic predisposition, and gut/oral microbiota all determine susceptibility to RHD. Figure generated using Biorender.com (accessed on 1 June 2023). 
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Figure 2. Disruption of the delicate balance of the microbiome, or dysbiosis, leads to autoimmune reactions causing a systemic inflammatory response. This immunological reaction causes damage to different tissues and organs, mainly the heart, joints, brain, and skin. Figure generated using Biorender.com (accessed on 1 June 2023). 
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Figure 3. A schematic showing the possible role of microbiota in the pathogenesis of RHD after group A streptococcal (GAS) infection. (A) In genetically predisposed individuals, different possible mechanisms could play potential roles in RHD initiation or progression, such as molecular Mimicry between Streptococcal M protein and cardiac myosin [52] and epitope spreading [53]. Other potential mechanisms, such as bystander activation and gut barrier integrity, have not been directly linked to RHD. (B) Primed autoreactive cells could activate other cells. (C) Primed autoreactive cells, autoantibodies, complement factors, and other immunomodulators transfer to the heart and cause valvular damage. Figure reprinted/adapted with permission from refs. Abdallah et al., 2021 [6], and Carlus et al., 2020 [52]. 






Figure 3. A schematic showing the possible role of microbiota in the pathogenesis of RHD after group A streptococcal (GAS) infection. (A) In genetically predisposed individuals, different possible mechanisms could play potential roles in RHD initiation or progression, such as molecular Mimicry between Streptococcal M protein and cardiac myosin [52] and epitope spreading [53]. Other potential mechanisms, such as bystander activation and gut barrier integrity, have not been directly linked to RHD. (B) Primed autoreactive cells could activate other cells. (C) Primed autoreactive cells, autoantibodies, complement factors, and other immunomodulators transfer to the heart and cause valvular damage. Figure reprinted/adapted with permission from refs. Abdallah et al., 2021 [6], and Carlus et al., 2020 [52].



[image: Medicina 59 01629 g003]













	
	
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.











© 2023 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).








Check ACS Ref Order





Check CrossRef













media/file4.png
Oral microbiota Q

Erythema marginatum

[ Heart valves]

microbiota

Y
& N are
Cytokines &
Metabolites

() -
il f L ®. Rheumatic

Arthritis

B cell secrete
autoantibodies
and primed T-cells






nav.xhtml


  medicina-59-01629


  
    		
      medicina-59-01629
    


  




  





media/file0.png





media/file2.png
Streptococcal Antigen
infection Mimicry

/ IR 1t /
. . Genetic
Microbiome Cactors






media/f