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Introduction: The incidences of acute rheumatic fever (ARF) and rheumatic heart disease (RHD), which were leading causes of death in children in the 1920s, have decreased substantially. Considering the recent resurgence of scarlet fever and increased incidence of streptococcal pharyngitis in children, an investigation of the current status of ARF and RHD may be worthwhile.



Objective: To summarize the prevalence trends, pathogenic factors, and prevention strategies for ARF and RHD in children.



Methods: A selective search of literature published between January 1920 and February 2023 was done in PubMed, using the terms “acute rheumatic fever”, “rheumatic heart disease”, “group A Streptococcus”, “pharyngitis”, “pharyngeal tonsillitis”, “scarlet fever”, “impetigo”, “obstructive sleep apnea syndrome” and “child”.



Results: Overcrowded homes and inadequate sanitation led to recurrent group A streptococcal infection, and the causal relationship between group A streptococcal infection and ARF/RHD was well established. Streptococcal infectious diseases, such as group A streptococcal pharyngeal tonsillitis, SF, impetigo, and obstructive sleep apnea syndrome, were associated with the occurrence of ARF and RHD. ARF and RHD were still prevalent in young people of developing countries and economically poor populations of high-income countries. Universal disease registration systems were critical to locating disease outbreaks, tracking disease transmission, and identifying high-risk populations. Four-level prevention strategies were effective in reducing the incidence and mortality of ARF and RHD.



Conclusions: Registry and preventive measures for ARF and RHD should be strengthened in areas of dense population; poor sanitation; resurgence of SF; and high incidence of streptococcal pharyngitis, impetigo, and obstructive sleep apnea syndrome.
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1. Introduction

Acute rheumatic fever (ARF) and rheumatic heart disease (RHD) are immune disorders caused by group A Streptococcus (GAS) infections; these conditions were the leading cause of death among children in the 1920s (1, 2). However, the improvement of economic and living conditions, as well as the widespread use of antibiotics, led to a marked decrease in the frequency of GAS infections, which was paralleled by a decrease in the incidence of ARF and RHD (3–6). By the 1980s, RHD among children had almost disappeared in developed countries of Europe and North America, but continued to cause a heavy disease burden in developing and low-income countries (7, 8).However, with the re-emergence of scarlet fever (SF) and the high incidence of streptococcal pharyngitis in children in recent years, is an increase in the incidence of ARF and RHD really far away?

This review was aimed at summarizing the changing epidemiology and potential risk factors and prevention strategies for ARF and RHD in children.



2. Objective and methods

In order to summarize the prevalence trends, pathogenic factors, as well as prevention and control measures of ARF and RHD in children, a selective literature search was performed for entries published between January 1920 and February 2023 in PubMed. The following search terms were used: “ARF”, “RHD”, “group A Streptococcus”, “pharyngitis”, “pharyngeal tonsillitis”, “scarlet fever”, “impetigo”, “obstructive sleep apnea syndrome”, and “child”.



3. Results and discussion


3.1. Epidemiology of ARF and RHD

ARF is an autoimmune reactive disease caused by untreated Streptococcus pyogenes, or GAS, infection in genetically susceptible hosts; it often occurs 2–3 weeks after GAS infection (2). The clinical manifestations of ARF include carditis, mono- or polyarthritis, Sydenham's chorea, erythema marginatum, and subcutaneous nodules, with secondary manifestations of fever, arthralgia, elevated levels of inflammatory markers [erythrocyte sedimentation rate (ESR), C-reactive protein (CRP)], and prolonged P-R interval (4, 9). There are 3 stages in the development of ARF:bacterial sore throat, ARF, and RHD (9). About 60% of individuals with ARF develop RHD within 10 years of the initial diagnosis, and recurrent ARF exacerbates existing heart damage (10).

RHD is one of the most common and preventable forms of acquired heart disease, and it is caused by chronic heart valve damage due to a single severe or multiple recurrent episodes of ARF (11). RHD can lead to complications such as heart failure, endocarditis, embolic stroke, and atrial fibrillation, which may be fatal in severe cases (9). RHD is the leading cause of morbidity and mortality in children aged 5–15 years (1).

ARF and RHD occur worldwide. Their incidence is influenced by various factors such as geographic location, climate, season, economic status, nutritional status, housing and sanitation, gender, GAS infection rate, ethnicity, and family susceptibility (2, 4). Factors such as cold weather, humidity; autumn, winter, and spring (especially spring) seasons; poverty; overcrowded households; and prevalence of GAS infection are associated with increased prevalence of ARF and RHD (2, 4). The prevalence of ARF is higher in girls than in boys (4, 10, 12). Pacific Islander children and indigenous Maori children have a high likelihood of developing ARF (5).

ARF and RHD were prevalent in the late 19th and early 20th centuries (4). In the 1920s, ARF was the leading cause of death among individuals aged 5–20 years old in the United States (7). Since the early 20th century, the incidence and prevalence of ARF and RHD have trended downward in developed countries, which is thought to be the result of improved living conditions and the use of antibiotics for the treatment of GAS infections. However, RF and RHD continue to remain as leading causes of morbidity and mortality in young people from developing countries. The World Health Organization cites overcrowding, poor housing conditions, inadequate nutrition, and lack of health care as reasons for the persistence of these disease in developing countries.

More than 15 million cases of RHD are estimated to occur worldwide, with 282,000 new cases and 233,000 deaths per year (13). During the 1920s and 1940s, the incidence of ARF and RHD in children was significantly reduced by measures such as changes in living conditions, nutritional support, and extended physical and psychological rest at the onset of the disease (14). With the use of penicillin in clinical practice after the 1940s, the incidence of ARF and RHD decreased further (5, 15). During the same period, primary and secondary prevention systems for ARF and RHD were established (6). In the 1970s, ARF and RHD were rare in most European countries and developed countries of North America (7). The incidence of RHD was almost zero in the 1980s (8). ARF can cause heart valve damage in severe cases, but remain asymptomatic (i.e., subclinical carditis) in some (16). Currently, subclinical carditis, or asymptomatic RHD, is considered as a manifestation of ARF, and early diagnosis and timely secondary prevention of asymptomatic RHD can prevent permanent valve damage due to recurrent ARF (17). The use of echocardiography and Doppler technology in clinical practice has improved the detection rate of RHD, allowing early diagnosis and intervention even in asymptomatic, latent RHD and thereby contributing to the reduction in morbidity and mortality associated with RHD (17). By the end of the 20th century, ARF and RHD had virtually disappeared from developed countries (18). However, they remained significant causes of morbidity and mortality in economically backward, developing, and war-torn countries and economically poor populations of high-income countries (19). For example, the incidence of ARF in New Zealand children has not declined significantly since the 1980s (20). Between 1985 and 2000, ARF and RHD had a resurgence in urban and middle-class white populations in Salt Lake City, Utah, and its mountainous region (15). During the past 20 years, Italy and the southern Central European country of Slovenia have shown signs of resurgence of ARF and RHD (21, 22). ARF and RHD remain a problem that cannot be ignored in economically developed countries such as Israel and Italy (23). The global prevalence of RHD increased by 70.49% between 1990 and 2019 (24). Africa and south Asia have large burden of ARF and RHD. According to the Global Burden of Disease Survey results, the age-standardized disability-adjusted life years rate for RHD was the highest among South Asian superregion, and Central Sub-Saharan Africa ranked the next highest in 2019 (25). Thus it is reasonable to infer that, the burden of ARF and RHD is evident in most parts of the world.

In China, the risk of ARF and RHD is medium to high (26). The incidence of ARF and RHD had peaked in the 1940s–1950s, but began to decline during the 1950s–1970s (26). Since then, the prevalence of ARF and RHD has varied across regions of China due to various reasons, including geography, climate, and economics. By the end of the 1980s, ARF and RHD had become rare diseases in Taiwan, China (27). However, by the early 21st century, there appeared to be a resurgence of ARF and RHD in children in Taiwan, China (28). Between 1969 and 1985, the hospitalization rate for ARF in Hong Kong, China, had decreased by 97%, and the hospitalization rate for RHD decreased from 6.3 to 3.0 per 1,000 hospitalized population (29).

Since the 1950s, the incidence of ARF and RHD in mainland China has been on a downward trend (28), decreasing from >100/100,000 in the 1970s–1990s to 5–20/100,000 in the 1990s–2010s (8), although there was an increase in 1960s–1970s (26). In the 1990s, the burden of ARF in mainland China was still heavy, and children comprised the majority of the population with ARF and RHD. In some areas, primary and secondary measures for the prevention of ARF and RHD had not been implemented, and the prevalence of ARF among primary and secondary school students aged 5–18 years was as high as 20.05/100,000 (30). In some regions, the level of control of ARF and RHD is only equivalent to that of Europe and the USA during 1950s–1960s (31). In the early 21st century, with the improvement of economic level, medical care, and housing conditions, the majority population of RHD patients had changed from children to adults and the elderly, but RHD remains the leading cause of valvular heart disease in mainland China (32). Since the nineties of the twentieth century, literature on RHD in Chinese children has become scarce, and many young doctors do not know about ARF and RHD.



3.2. Pathogenic factors of ARF and RHD

Acute pharyngitis is an acute, specific or non-specific inflammatory response of the pharyngeal mucosa, submucosa and lymphatic tissues and is a common disease that occurs in children between the ages of 5 and 15 years (1, 9). The main clinical manifestations are sore throat, painful swallowing and fever. GAS is the most common bacterial cause of acute pharyngitis in children, accounting for approximately 20%–30% of cases of acute pharyngitis in children (33). ARF in childhood is usually triggered by GAS infection of the pharyngeal tonsillitis, and RHD is a potential complication of untreated streptococcal pharyngeal tonsillitis (34). Approximately 616 million people worldwide suffer from acute streptococcal pharyngeal tonsillitis each year (13). ARF complications occur in about 5%–6% of the population (13). In Argentina, 18.1% of rural children are carriers of GAS infection in the throat (35). GAS is the pathogenic cause in 17.7% of the cases of acute pharyngitis among Tunisian children (36). Since 2014, the incidence of acute streptococcal pharyngeal tonsillitis and peri-tonsillar abscesses has spiked in England (37). In 2018, there was an outbreak of acute streptococcal pharyngitis among recruits in Quebec, Canada (38).

Impetigo is the most common bacterial skin infection in children aged 2–5 years, and GAS is one of the main causative agents (39). In New Zealand, studies have shown that GAS is the causative agent in approximately 12.7% of the cases of childhood impetigo (40). Global statistics from 2015 show that more than 162 million children in low- and middle-income countries have impetigo, with the median prevalence being the highest in children in warm and humid Oceania (29.7%); further, half of the children living in remote Aboriginal communities in northern Australia and Torres Strait Islanders develop impetigo (44.5%) (41). The median prevalence of impetigo in children from marginalized communities in high-income countries has been reported to be as high as 19.4% (42). During July–August 2018, there was an increase in the incidence of impetigo in Dutch children for unknown reasons (43).

Conventionally, ARF is not thought to occur after skin infections. However, contemporary studies have confirmed the association between impetigo and ARF and RHD. In Australia and New Zealand, where the prevalence of streptococcal impetigo is high and that of streptococcal pharyngitis is low, the prevalence of ARF and RHD is among the highest in the world (10, 39).

Obstructive sleep apnea syndrome (OSAS) is a common pediatric disorder characterized by recurrent events of partial or complete upper airway obstruction during sleep. The prevalence of OSAS is approximately 1%–5%, and it results in abnormal ventilation and sleep patterns (44). The peak age of prevalence is 5–8 years. Adenoids and tonsillar overgrowth are the most common causes of upper airway restriction during sleep. Tonsillectomy with or without adenoidectomy is the first-line treatment for OSAS. The correlation of ARF and RHD with enlarged tonsils has been frequently reported, and tonsillectomy is a treatment for ARF and RHD. In 2016, Viciani et al. found that GAS infection was strongly associated with the development of OSAS and that about 50% of children with OSAS carry GAS strains on their enlarged tonsils and had the M18 type of GAS strain that can cause ARF (45).

SF is a clinical syndrome associated with streptococcal pharyngeal tonsillitis that most often affects children aged 5–15 years, with clinical manifestations of fever, rash, streptococcal pharyngotonsillitis, and bayberry tongue (46). By the mid-20th century, SF had largely disappeared in developed countries (12). However, since the 2010s, SF has resurfaced in China, the United Kingdom, Germany, and Spain, among other countries (47). The relationship of epidemics of streptococcal infection to rheumatism has long been emphasized. SF is closely related to ARF and RHD; as early as 1902–1905, Galabin and Longstaff investigated the relationship between SF and ARF (2, 48). A recent history of SF was one of the conditions for GAS infection included in the Jones Criteria for the Diagnosis of ARF (1965 edition) (49).



3.3. Prevention and control strategies of ARF and RHD

ARF and RHD are potentially fatal diseases that are prevalent in socioeconomically deprived areas of the world, but they can be prevented and eradicated with a four-tier prevention and control strategies comprising primordial, primary, secondary and tertiary levels (50, 51).

Primordial prevention of ARF and RHD comprises measures aimed at improving the environmental, social, and economic conditions of people at risk and eliminating exposure to socioeconomic and environmental risk factors (50–52). ARF and RHD are often referred to as “diseases of poverty”. Environmental factors such as overcrowded homes and inadequate sanitation are fundamental reasons for the recurrence of GAS infections in childhood, while socioeconomic factors such as lack of medical resources, inadequate nutrition, unemployment, low income, overall socioeconomic status, low educational level, and social status are factors that contribute to the occurrence of ARF and RHD (52). Thus, primordial prevention refers to reducing the incidence of GAS infection, ARF, and RHD through interventions that target socioeconomic or environmental factors. Studies have shown that the incidence of GAS infection, ARF and RHD can be reduced by providing environmental health and educational support based on community needs through community health workers (51). The effectiveness of primordial prevention has also been confirmed by the results of ARF and RHD prevention and control in Europe and North America in the early 20th century (14). Primordial prevention should be part of a comprehensive strategy to eliminate RHD as a public health problem.

Primary prevention is the use of antibiotics to treat acute group A streptococcal infections in the absence of an effective vaccine to reduce the incidence of ARF (51–53). The clearance rates of penicillin, cephalosporins and macrolides for GAS infections have been reported to be 84.1%, 82.7%, and 71.7%, respectively. The eradication rate of erythromycin was about 80% for sensitive GAS strains and 60% for drug-resistant GAS strains (54). Primary prevention measures and control strategies of early detection and eradication of GAS infection have been shown to reduce the risk of ARF and RHD by 80% (53). Antibiotics are an important tool to combat GAS infections, and primary prevention is based on the early and correct diagnosis of acute GAS infections. However, viruses may be the actual causative agent of acute pharyngitis in approximately 10%–25% of school-aged children who test positive for GAS and have clinical symptoms (55). The reason for this false implication of GAS in viral infections is the presence of asymptomatic GAS colonization (or carriage) in the pharynx/tonsils of some school-aged children (56). GAS colonization (or carriage) is currently defined by a positive GAS pharyngeal swab culture that does not produce an ASO antibody response (57). The risk of colonization (or carriage) with GAS strains for transmission, the development of septic infection, complications of ARF, and the ability of antibiotic therapy to clear colonies of GAS strains still remain controversial (1, 35).This makes it difficult to implement primary prevention strategies for ARF and RHD.

Secondary prevention is a strategy to prevent the recurrence of ARF and the progression of RHD to the severe form (allowing the disease to subside) by continuing antibiotics in people who have had previous episodes of ARF or who already have RHD (58). Regular administration of benzylpenicillin G (BPG) reduces streptococcal pharynx/tonsil infections and ARF recurrence rates (9, 50). Early detection of ARF and use of antibiotics for secondary prevention is essential to combat RHD. However, a treatment strategy of intramuscular injection of BPG every 4 weeks for at least 5–10 years makes adherence a key determinant of success in the secondary prevention of ARF and RHD (59). Lack of funding, remoteness of facilities, lack of medical resources, fear of side effects, painful injections, and lack of awareness of the importance of treatment have been reported as the main reasons for poor adherence to secondary prevention (60). Inadequate adherence to secondary prevention measures increases the risk of recurrence of ARF and worsening of RHD after each recurrence of ARF (9, 60). Optimizing adherence and ensuring safe and adequate supplies of medications are key to the success of secondary prevention, and a delivery model with dedicated services, case management, and family support can improve adherence to secondary prevention in the ARF/RHD population (61).

Tertiary prevention strategies comprise the pharmacological and surgical management of RHD complications to reduce the morbidity and mortality associated with RHD (50, 51). Tertiary interventions for RHD include medical management of heart failure; surgical management of valvular lesions; and treatment of embolic stroke, infective endocarditis, and arrhythmic complications (50). Angiotensin-converting enzymes, diuretics, and fluid restriction are the mainstays of the treatment of heart failure (9, 62). Surgical treatment is the main treatment option required to rescue RHD patients with uncontrolled drug-associated congestive heart failure (63). Valve repair or valve replacement is the common surgical treatment for rheumatic valve disease, with valve repair being superior to valve replacement (64). Bipolar radiofrequency ablation is the most common surgical treatment for mitral valve disease and also an effective technique for the treatment of long-term persistent RHD-associated atrial fibrillation during mitral valve replacement (65). Percutaneous balloon mitral valvuloplasty is an effective treatment for isolated Mitral Stenosis(MS) or MS with mild degree of Mitral Valve Insufficiency (66). Atrial fibrillation is a common complication of RHD valve disease, and atrial fibrillation can cause heart failure, stroke, peripheral thromboembolism, and premature death. Early diagnosis and treatment of endocarditis and the use of anticoagulants to prevent and treat RHD-associated atrial fibrillation and prosthetic valve-related embolic disease are important components of the tertiary prevention strategy for RHD (64). RHD is the most serious sequela of ARF and is often a poor outcome of ineffective primordial, primary, and secondary prevention, and tertiary prevention has an important role to play in areas with a high prevalence of RHD (67).

Knowledge of the prevalence of pathogenic GAS strains can help in planning appropriate strategies for the prevention of ARF and RHD. Universal disease registration systems are crucial to locating disease outbreaks, tracking disease transmission, identifying high-risk populations, and making decisions about disease control. The global disease registry reporting system began in July 1837, and SF, ARF, and RHD are diseases that require registration and reporting (68). The prevalence of GAS infection-associated diseases has changed over time, and there are differences in the types of GAS infection-associated diseases registered in different countries and regions. For example, SF is a legally reported disease in many Asian countries and the UK, but not in the US (69). In view of the resurgence of SF and ARF in several countries or regions, some countries around the world have started developing measures to strengthen the surveillance of GAS infection and thereby prevent progression to RHD—a fatal complication associated with GAS infection (23, 69). Regions with high incidence of RHD, such as Australia, have accumulated a rich experience in the management of ARF and RHD registration and reporting systems (10).




4. Conclusions

GAS is a pathogen that has re-emerged worldwide. It can cause a variety of superficial diseases such as pharyngitis, SF, impetigo, and OSAS, which are recognized causative factors of ARF and RHD. Prevention of ARF and RHD and registry of incident cases should be strengthened in areas of dense population and poor sanitation, in areas where the incidence of streptococcal pharyngitis and impetigo remains high, and in areas where SF and invasive streptococcal infections are resurgent.



Author contributions

YZ and YY: proposed the topic of this review. DY, QL and YL: conducted a literature search and wrote this review. YZ and YY: revised and edited the manuscript. All authors contributed to the article and approved the submitted version.



Funding

This work was supported by the Project of the Expert Committee on Clinical Application and Drug Resistance Evaluation of Antimicrobial Drugs of the National Health Commission (KJYWZWH-OT-02-2021-06), Guangdong High-level Hospital Construction Fund, Shenzhen Fund for Guangdong Provincial High-level Clinical Key Specialties (SZGSP012), Guangdong Medical Research Fund (A2021437), Shenzhen Key Medical Discipline Construction Fund (SZXK032), and Hospital Level Project of Shenzhen Children’s Hospital (ynkt2020-zz19).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

1. Yokchoo N, Patanarapeelert N, Patanarapeelert K. The effect of group A streptococcal carrier on the epidemic model of acute rheumatic fever. Theor Biol Med Model. (2019) 16:1–9. doi: 10.1186/s12976-019-0110-8

2. Coburn AF, Pauli RH. Studies on the relationship of streptococcus hemolyticus to the rheumatic process: I. Observations on the Ecology of Hemolytic Streptococcus in Relation to the Epidemiology of Rheumatic Fever. J Exper Med. (1932) 56:609–32. doi: 10.1084/jem.56.5.609

3. Watkins D, Zuhlke L, Engel M, Daniels R, Francis V, Shaboodien G, et al. Seven key actions to eradicate rheumatic heart disease in Africa: the Addis Ababa communiqué: cardiovascular topics. Cardiovasc J Afr. (2016) 27:184–7. doi: 10.5830/CVJA-2015-090

4. Bussiere HC, Rhea LJ. Acute rheumatic fever and chorea in children: an analysis of 100 cases treated in the wards of the Children’s memorial hospital, Montreal. Can Med Assoc J. (1926) 16:35.

5. Stanhope J. New Zealand trends in rheumatic fever: 1885–1971. N Z Med J. (1975) 82:297–9. doi: 10.1056/NEJM197506262922625

6. Stollerman GH. The use of antibiotics for the prevention of rheumatic fever. Am J Med. (1954) 17:757–67. doi: 10.1016/0002-9343(54)90220-X

7. Hajar R. Rheumatic fever and rheumatic heart disease a historical perspective. Heart Views. (2016) 17:120. doi: 10.4103/1995-705X.192572

8. Seckeler MD, Hoke TR. The worldwide epidemiology of acute rheumatic fever and rheumatic heart disease. Clin Epidemiol. (2011) 3:67–84. doi: 10.2147/CLEP.S12977

9. Carapetis JR, Beaton A, Cunningham MW, Guilherme L, Karthikeyan G, Mayosi BM, et al. Acute rheumatic fever and rheumatic heart disease. Nat Rev Dis Primers. (2016) 2:15084. doi: 10.1038/nrdp.2015.84

10. Lawrence JG, Carapetis JR, Griffiths K, Edwards K, Condon JR. Acute rheumatic fever and rheumatic heart disease: incidence and progression in the northern territory of Australia, 1997 to 2010. Circulation. (2013) 128:492–501. doi: 10.1161/CIRCULATIONAHA.113.001477

11. Bennett J, Moreland NJ, Zhang J, Crane J, Sika-Paotonu D, Carapetis J, et al. Risk factors for group A streptococcal pharyngitis and skin infections: a case control study. Lancet Reg Health West Pac. (2022) 26:100507. doi: 10.1016/j.lanwpc.2022.100507

12. McDonald SA, van Wijhe M, de Gier B, Korthals Altes H, Vlaminckx BJ, Hahné S, et al. The dynamics of scarlet fever in The Netherlands, 1906–1920: a historical analysis. R Soc Open Sci. (2022) 9:220030. doi: 10.1098/rsos.220030

13. Carapetis JR, Steer AC, Mulholland EK, Weber M. The global burden of group A streptococcal diseases. Lancet Infect Dis. (2005) 5:685–94. doi: 10.1016/S1473-3099(05)70267-X

14. Taran LM. The treatment of acute rheumatic fever and acute rheumatic heart disease in children. Med Clin N Am. (1947) 31:557–80. doi: 10.1016/S0025-7125(16)35812-6

15. Sergent JS. Acute rheumatic fever. Trans Am Clin Climatol Assoc. (1993) 104:15. doi: 10.1136/bmj.2.4941.731

16. Condemi F, Rossi G, Lupiz M, Pagano A, Zamatto F, Marini S, et al. Screening of asymptomatic rheumatic heart disease among refugee/migrant children and youths in Italy. Pediatr Rheumatol. (2019) 17:1–9. doi: 10.1186/s12969-019-0314-9

17. Reményi B, Wilson N, Steer A, Ferreira B, Kado J, Kumar K, et al. World heart federation criteria for echocardiographic diagnosis of rheumatic heart disease—an evidence-based guideline. Nat Rev Cardiol. (2012) 9:297–309. doi: 10.1038/nrcardio.2012.7

18. Watkins DA, Beaton AZ, Carapetis JR, Karthikeyan G, Mayosi BM, Wyber R, et al. Rheumatic heart disease worldwide: JACC scientific expert panel. J Am Coll Cardiol. (2018) 72:1397–416. doi: 10.1016/j.jacc.2018.06.063

19. Roth GA, Mensah GA, Johnson CO, Addolorato G, Ammirati E, Baddour LM, et al. Global burden of cardiovascular diseases and risk factors, 1990–2019: update from the GBD 2019 study. J Am Coll Cardiol. (2020) 76:2982–3021. doi: 10.1016/j.jacc.2020.11.010

20. Jaine R, Baker M, Venugopal K. Epidemiology of acute rheumatic fever in New Zealand 1996–2005. J Paediatr Child Health. (2008) 44:564–71. doi: 10.1111/j.1440-1754.2008.01384.x

21. Munteanu V, Petaccia A, Contecaru N, Amodio E, Agostoni CV. Paediatric acute rheumatic fever in developed countries: neglected or negligible disease? Results from an observational study in lombardy (Italy). AIMS Public Health. (2018) 5:135. doi: 10.3934/publichealth.2018.2.135

22. Kočevar U, Toplak N, Kosmač B, Kopač L, Vesel S, Krajnc N, et al. Acute rheumatic fever outbreak in southern central European country. Eur J Pediatr. (2017) 176:23–9. doi: 10.1007/s00431-016-2801-z

23. Tal R, Hamad Saied M, Zidani R, Levinsky Y, Straussberg R, Amir J, et al. Rheumatic fever in a developed country–is it still relevant? A retrospective, 25 years follow-up. Pediatr Rheumatol. (2022) 20:20. doi: 10.1186/s12969-022-00678-7

24. Ou Z, Yu D, Liang Y, Wu J, He H, Li Y, et al. Global burden of rheumatic heart disease: trends from 1990 to 2019. Arthritis Res Ther. (2022) 24:138. doi: 10.1186/s13075-022-02829-3

25. Ghamari S, Abbasi-Kangevari M, Saeedi Moghaddam S, Aminorroaya A, Rezaei N, Shobeiri P, et al. Rheumatic heart disease is a neglected disease relative to its burden worldwide: findings from global burden of disease 2019. J Am Heart Assoc. (2022) 11:e025284. doi: 10.1161/jaha.122.025284

26. Cui J, Guo X, Yuan X, Wu H, Yu G, Li B, et al. Analysis of rheumatic heart disease mortality in the Chinese population: a joinpoint and age–period–cohort study. Int J Environ Res Public Health. (2022) 19:9872. doi: 10.3390/ijerph19169872

27. Wang C, Liu C, Li Y, Liu M. Adult-onset acute rheumatic fever: possible resurgence in southern Taiwan. J Clin Rheumatol. (2005) 11:146–9. doi: 10.1097/01.rhu.0000164821.73024.86

28. Yang M-C, Wu P-L, Lin T-I, Wu J-R. Resurgence of acute rheumatic fever in Taiwan in 2020. J Formos Med Assoc. (2021) 120:1785–7. doi: 10.1016/j.jfma.2021.03.013

29. Woo K-S, Vallance-Owen J. Changing prevalence and pattern of cardiovascular diseases in Hong Kong: a perspective in the 1990s. Chin Med J. (1988) 101:579–86

30. Huang Z, Rao X, Chen R, Chen Y, Xu L, Hu Y, et al. Investigation on the prevalence of rheumatic fever among primary and secondary school students in China. Chin J Cardiol. (1998) 26:94–7. doi: 10.3760/j:issn:0253-3758.1998.02.004

31. Rose V, Boyd A, Ashton T. Incidence of heart disease in children in the city of Toronto. Can Med Assoc J. (1964) 91:95–100.

32. Yang Y, Wang Z, Chen Z, Wang X, Zhang L, Li S, et al. Current status and etiology of valvular heart disease in China: a population-based survey. BMC Cardiovasc Disord. (2021) 21:1–9. doi: 10.1186/s12872-020-01829-y

33. Shulman ST, Bisno AL, Clegg HW, Gerber MA, Kaplan EL, Lee G, et al. Clinical practice guideline for the diagnosis and management of group A streptococcal pharyngitis: 2012 update by the infectious diseases society of America. Clin Infect Dis. (2012) 55:e86–102. doi: 10.1093/cid/cis629

34. Karthikeyan G, Guilherme L. Acute rheumatic fever. Lancet. (2018) 392:161–74. doi: 10.1016/s0140-6736(18)30999-1

35. Delpech G, Sparo M, Baldaccini B, Pourcel G, Lissarrague S, Allende LG. Throat carriage rate and antimicrobial resistance of Streptococcus pyogenes in rural children in Argentina. J Prev Med Pub Health. (2017) 50:127. doi: 10.3961/jpmph.15.073

36. Mzoughi R, Bouallègue O, Selmi H, Ben Said H, Essoussi A, Jeddi M. Group A streptococci in children with acute pharyngitis in Sousse, Tunisia. East Mediterr Health J. (2004) 10:488–93. doi: 10.26719/2004.10.4-5.488

37. Mettias B, Jenkins D, Rea P. Ten-year prevalence of acute hospital ENT infections and the impact of COVID: a large population study. Clin Otolaryngol. (2023) 48:10–6. doi: 10.1111/coa.13978

38. Strauss B, Tepper M, Lu D, Gagnon F, Girard E, Demczuk W, et al. Three sequential outbreaks of group A Streptococcus over a two-year period at the Canadian forces leadership and recruit school, St. Jean Garrison, Québec. Can Commun Dis Rep. (2020):46:256–63. doi: 10.14745/ccdr.v46i09a02

39. Barth DD, Mullane MJ, Sampson C, Chou C, Pickering J, Nicol MP, et al. Missing piece study protocol: prospective surveillance to determine the epidemiology of group a streptococcal pharyngitis and impetigo in remote western Australia. BMJ Open. (2022) 12:e057296. doi: 10.1136/bmjopen-2021-057296

40. Oliver J, Bennett J, Thomas S, Zhang J, Pierse N, Moreland NJ, et al. Preceding group A Streptococcus skin and throat infections are individually associated with acute rheumatic fever: evidence from New Zealand. BMJ Global Health. (2021) 6:e007038. doi: 10.1136/bmjgh-2021-007038

41. Bowen AC, Mahe A, Hay RJ, Andrews RM, Steer AC, Tong SY, et al. The global epidemiology of impetigo: a systematic review of the population prevalence of impetigo and pyoderma. PLoS One. (2015) 10:e0136789. doi: 10.1371/journal.pone.0136789

42. Ricciardo BM, Kessaris H-L, Kumarasinghe SP, Carapetis JR, Bowen AC. The burden of bacterial skin infection, scabies and atopic dermatitis among urban-living indigenous children in high-income countries: a protocol for a systematic review. Syst Rev. (2022) 11:1–6. doi: 10.1186/s13643-022-02038-8

43. Research, NIfHS. Meer kinderen met krentenbaard dit najaar, oorzaak onbekend (2018). Available at: https://www.nivel.nl/nl/nieuws/meer-kinderen-met-krentenbaard-dit-najaar-oorzaak-onbekend

44. Marcus CL, Brooks LJ, Ward SD, Draper KA, Gozal D, Halbower AC, et al. Diagnosis and management of childhood obstructive sleep apnea syndrome. Pediatrics. (2012) 130:e714–e55. doi: 10.1542/peds.2012-1672

45. Viciani E, Montagnani F, Tavarini S, Tordini G, Maccari S, Morandi M, et al. Paediatric obstructive sleep apnoea syndrome (OSAS) is associated with tonsil colonisation by Streptococcus pyogenes. Sci Rep. (2016) 6:20609. doi: 10.1038/srep20609

46. Chiou C-S, Liao T-L, Wang T-H, Chang H-L, Liao J-C, Li C-C. Epidemiology and molecular characterization of Streptococcus pyogenes recovered from scarlet fever patients in central Taiwan from 1996 to 1999. J Clin Microbiol. (2004) 42:3998–4006. doi: 10.1128/JCM.42.9.3998-4006.2004

47. Liu Y, Chan T, Yap L, Luo Y, Xu W, Qin S, et al. Resurgence of scarlet fever in China: a 13-year population-based surveillance study. Lancet Infect Dis. (2018) 18:903–12. doi: 10.1016/s1473-3099(18)30231-7

48. Macdonald T. Scarlet fever and tonsillitis in relation to acute rheumatism. Br Med J. (1950) 1:992. doi: 10.1136/bmj.1.4660.992

49. Jones C. Jones criteria (revised) for guidance in diagnosis of rheumatic fever. Circulation. (1965) 32:664–9. doi: 10.1161/01.CIR.32.6.995

50. Katzenellenbogen JM, Ralph AP, Wyber R, Carapetis JR. Rheumatic heart disease: infectious disease origin, chronic care approach. BMC Health Serv Res. (2017) 17:1–16. doi: 10.1186/s12913-017-2747-5

51. Wyber R, Kelly A, Lee AM, Mungatopi V, Kerrigan V, Babui S, et al. Formative evaluation of a community-based approach to reduce the incidence of strep A infections and acute rheumatic fever. Aust N Z J Public Health. (2021) 45:449–54. doi: 10.1111/1753-6405.13127

52. Ralph AP, Kelly A, Lee A-M, Mungatopi VL, Babui SR, Budhathoki NK, et al. Evaluation of a community-led program for primordial and primary prevention of rheumatic fever in remote northern Australia. Int J Environ Res Public Health. (2022) 19:10215. doi: 10.3390/ijerph191610215

53. Robertson KA, Volmink JA, Mayosi BM. Antibiotics for the primary prevention of acute rheumatic fever: a meta-analysis. BMC Cardiovasc Disord. (2005) 5:1–9. doi: 10.1186/1471-2261-5-11

54. Varaldo PE, Debbia EA, Nicoletti G, Pavesio D, Ripa S, Schito GC, et al. Nationwide survey in Italy of treatment of Streptococcus pyogenes pharyngitis in children: influence of macrolide resistance on clinical and microbiological outcomes. Clin Infect Dis. (1999) 29:869–73. doi: 10.1086/520451

55. Rick A-M, Zaheer HA, Martin JM. Clinical features of group a streptococcus in children with pharyngitis: carriers versus acute infection. Pediatr Infect Dis J. (2020) 39:483. doi: 10.1097/INF.0000000000002602

56. Anja A, Beyene G, S/Mariam Z, Daka D. Asymptomatic pharyngeal carriage rate of Streptococcus pyogenes, its associated factors and antibiotic susceptibility pattern among school children in Hawassa town, southern Ethiopia. BMC Res Notes. (2019) 12:1–6. doi: 10.1186/s13104-019-4601-9

57. Bryant AE, Stevens DsL. Streptococcus pyogenes. Mandell, douglas, and bennett’s principles and practice of infectious diseases. 9th ed. Philadelphia, PA: Elsevier (2020).

58. Manyemba J, Mayosi BM. Penicillin for secondary prevention of rheumatic fever. Cochrane Database Syst Rev. (2002) 3:CD002227. doi: 10.1002/14651858.CD002227

59. Belay W, Dessie A, Ahmed H, Gedlu E, Mariyo A, Shehibo A, et al. Secondary prevention of rheumatic heart disease in Ethiopia: a multicenter study. BMC Cardiovasc Disord. (2022) 22:26. doi: 10.1186/s12872-022-02473-4

60. Kevat PM, Gunnarsson R, Reeves BM, Ruben AR. Adherence rates and risk factors for suboptimal adherence to secondary prophylaxis for rheumatic fever. J Paediatr Child Health. (2021) 57:419–24. doi: 10.1111/jpc.15239

61. Liaw J, Gorton S, Heal C, White A. Adherence to secondary prevention of rheumatic fever and rheumatic heart disease in young people: an 11-year retrospective study. Aust N Z J Public Health. (2022) 46:758–63. doi: 10.1111/1753-6405.13250

62. Ambari AM, Setianto B, Santoso A, Radi B, Dwiputra B, Susilowati E, et al. Angiotensin converting enzyme inhibitors (ACEIs) decrease the progression of cardiac fibrosis in rheumatic heart disease through the inhibition of IL-33/sST2. Front Cardiovasc Med. (2020) 7:115. doi: 10.3389/fcvm.2020.00115

63. Kumar RK, Tandon R. Rheumatic fever & rheumatic heart disease: the last 50 years. India J Med Res. (2013) 137:643–58.

64. Kumar R, Antunes M, Beaton A, Mirabel M, Nkomo V, Okello E, et al. Contemporary diagnosis and management of rheumatic heart disease: implications for closing the gap: a scientific statement from the American heart association. Circulation. (2020) 142:e337–e57. doi: 10.1161/CIR.0000000000000921

65. Zhu X, Li Q, Li Y, Wu Z. Analysis of bipolar radiofrequency ablation in treatment of atrial fibrillation associated with rheumatic heart disease. PLoS One. (2016) 11:e0151248. doi: 10.1371/journal.pone.0151248

66. Lu L, Hong L, Fang J, Chen L. Effectiveness of percutaneous balloon mitral valvuloplasty for rheumatic mitral stenosis with mild to severe mitral regurgitation. BioMed Res Int. (2016) 2016:3298343. doi: 10.1155/2016/3298343

67. Techane T, Legesse B, Ayalew Y, Hailu A. Rheumatic heart disease knowledge and associated factors among nurses working in cardiac centers at public and private hospitals of Addis Ababa: cross sectional study. BMC Nurs. (2022) 21:1–10. doi: 10.1186/s12912-022-00910-5

68. Gale A. A century of changes in the mortality and incidence of the principal infections of childhood. Arch Dis Child. (1945) 20:2. doi: 10.1136/adc.20.101.2

69. Cubria MB, Delgado J, Shah BJ, Sanson MA, Flores AR. Identification of epidemic scarlet fever group A Streptococcus strains in the paediatric population of Houston, TX, USA. Access Microbiol. (2021) 3:000274. doi: 10.1099/acmi.0.000274







OPS/images/crossmark.jpg
(®) Check for updates.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		The rise and fall of acute rheumatic fever and rheumatic heart disease: a mini review

		1. Introduction



		2. Objective and methods



		3. Results and discussion



		3.1. Epidemiology of ARF and RHD



		3.2. Pathogenic factors of ARF and RHD



		3.3. Prevention and control strategies of ARF and RHD











		4. Conclusions



		Author contributions



		Funding



		Conflict of interest



		Publisher's note



		References



















OPS/images/cover.jpg
, frontiers ‘ Frontiers in Cardiovascular Medicine

The rise and fall of acute
rheumatic fever and rheumatic
heart disease: a mini review





OPS/images/logo.jpg
& frontiers | Frontiers in Cardiovascular Medicine





