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ABSTRACT
Rheumatic heart disease (RHD) is a major burden in low- to mid-income countries, where each
year it accounts for over a million premature deaths associated with severe valve disease.
Life-saving valve replacement procedures are not available to the majority of affected RHD
patients, contributing to an increased risk of death in young adults and creating a devastating
impact. In December 2017, a group of representatives of major cardiothoracic societies and
industry, discussed the plight of the millions of patients who suffer from RHD. A comprehensive
solution based on this global partnership was outlined in ‘‘The Cape Town Declaration on Access
to Cardiac Surgery in the Developing World’’. The key challenge in controlling RHD is related
to identification and removal of barriers to the translation of existing knowledge into policy,
programs, and practice to provide high-quality care for patients with RHD. This review provides
an overview on RHD by emphasizing the disease medical and economic burdens worldwide, risk
factors, recent advance for early disease detection, and overall preventive strategies.
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INTRODUCTION
Acute rheumatic fever (ARF) is the result of an abnormal response to pharyngitis caused
by infection caused by a group A streptococcal infection in a genetically susceptible
host1–4. The long-term damage to cardiac valves caused by ARF is known as rheumatic
heart disease (RHD), which is an important cause of mortality in resource-poor settings
around the world4.

Rheumatic heart disease (RHD) is a major burden in low- to mid-income countries,
where it is the leading cause of cardiovascular death in children and young adults5–7.
Severe valve disease, which is potentially amenable to intervention, remains strongly
associated with mortality6,8, especially where life-saving cardiac surgery is either scarce
or absent. Valve replacement surgeries are not available to the majority of affected RHD
patients, contributing to an increased risk of death and major adverse outcomes8–10.

Although ARF has declined over the past 2 decades in industrialized countries, there
are still a large number of chronic RHD cases, often complicated by chronic congestive
heart failure and recurrent thromboembolic phenomena, both posing greater challenges
for management5,11. Most deaths occur in young adults, who would otherwise be
at the most productive years of their lives, indicating the devastating impact of this
condition9,12. Additionally, RHD causes substantial disability in children and adults, which
can affect quality of life and economic growth12.

Accordingly, in December 2017, on the occasion of 50th anniversary of the world’s first
heart transplant, a group of representatives including the major global and regional
cardiothoracic societies, nongovernmental organizations and industry, discussed the
plight of the millions of patients who suffer from RHD10. A comprehensive solution based
on a global coalition aims to:

(1) advocate jointly-agreed prescription and audit policies to governments;
(2) engage industry for large-scale initiatives;
(3) incentivize donors to participate in programs, and
(4) recognize regional centers and training programs as outlined in ‘‘The Cape Town

Declaration on Access to Cardiac Surgery in the Developing World’’.
This strategy was a reaction to the slow progress in prevention in the past 15 years,

implying that surgery will remain an integral part of the treatment of RHD for several
generations. As such, it is imperative that this action is taken urgently.

The most important complication of RHD is valvular heart damage leading to altered
hemodynamics, ventricular remodeling, and sequential heart failure13,14. Surgical
interventions are required to replace or repair the damaged heart valves. In a small
proportion of patients, balloon valvotomies could be an option and promising tailor-
made transcatheter heart valve prostheses for rheumatic patients are in pre-clinical
trials15. However, rates of the use of percutaneous and surgical interventions in resource-
poor settings may be limited by the shortage of health facilities and trained staff9,11,16.
Additionally, many patients with RHD are first diagnosed with advanced disease, at a
stage when valve intervention there is limited impact on outcomes9,12.

Despite the observed progress in research on RHD pathogenesis, a number of key
questions remain. Specifically, the underlying mechanisms involved in the development
of severe valve dysfunction are not completely understood. There is significant variability
in individual susceptibility to RHD, including higher frequency of disease in females.
The cause of this association is not known, which warrants further investigation to
understand sex specificity in the occurrence of RHD7,17. Furthermore, the burden of RHD
in women is underappreciated, leading to high maternal and fetal mortality9.
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The aim of this review is to provide an overview on RHD by raising awareness of the
disease and its effects on medical and economic burdens worldwide, risk factors, recent
advance for early disease detection, and overall preventive strategies.

Epidemiology: challenges and global disease burden
There is increasing interest in RHD worldwide over the past decade, driven in part by the
availability of echocardiography-based screening in countries in which the condition
remains endemic18,19. Echocardiographic screening has played a pivotal role to estimate
the burden of RHD and to guide policies for the control of disease20–23. The overall
prevalence of subclinical RHD seen on echocardiography is seven to eight times higher
than that of clinically manifested disease24. However, the majority of studies used
echocardiographic screening that has been conducted in children attending schools,
among which RHD may be less frequent than in the total population23. Indeed, emerging
data suggest that RHD is detected more frequently in adults and children in community
settings25,26.

The global burden of RHD is significant, especially in populations living in limited-
resource countries5. A systematic literature review as part of the 2015 Global Burden of
Disease study estimated about 33 million individuals (0.4% of the global population) are
currently living with RHD. The number of disability-adjusted life-years due to RHD in 2015
was 10.5 million, accounting for 0.43% of global disability-adjusted life-years due to any
other cause. Most disability-adjusted life-years due to RHD were the result of years of life
lost, which indicated that premature death was a main cause of total health loss from
RHD. The highest death rates were in the highest prevalence regions, and no significant
decline in mortality over 1990 to 2015 was detected in a number of countries. The highest
age-standardized mortality due to and prevalence of RHD was observed in Oceania,
South Asia, and central sub-Saharan Africa5.

It is important to emphasize that much of the morbidity and mortality of RHD can
be prevented by existing therapies9, but if left untreated, subsequent heart failure and
death is almost inevitable. The REMEDY study (Global Rheumatic Heart Disease Registry)
documented high rates of disability and premature death across African and Asian
countries, which was largely attributable to advanced disease at the time of presentation8.
This study confirmed that RHD is still a major cause of preventable death and suffering in
children and young adults in low- and middle-income countries. Suboptimal utilization of
secondary antibiotic prophylaxis, oral anticoagulation, and contraception, and variations
in the use of percutaneous and surgical interventions by country income level contribute
to high prevalence of major cardiovascular complications.

After a period of relative neglect, there has recently been a growing need to raise
awareness of RHD and its devastating impact6. In 2015, a civil society movement, RHD
Action, was launched to create awareness and support countries looking at addressing
RHD6. More recently, the World Health Assembly adopted a resolution to reinvigorate
global and national rheumatic fever and RHD prevention and control efforts.

The key challenge in controlling RHD is related to the identification and removal of
barriers to the translation of existing knowledge into policy, programs, and practice6.
There is good evidence that the successful elimination of RHD and relief from its
debilitating consequences in those already affected can occur on the basis of
comprehensive programs5. The goal of such programs must be to improve the delivery
of proven control strategies that were shown to affect people and communities.
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Demographical and environmental risk factors
ARF largely occurs in children, particularly those living in socioeconomic deprivation with
highest incidence among children aged 10–14 years, followed by those aged 5–9 years27.
Recurrent episodes often affect slightly older children, adolescents and young adults but
are rarely observed beyond the age of 35–40 years. In contrast, peak prevalence of RHD
is in adulthood, usually between the ages of 25 years and 45 years4. In endemic areas,
the disease may progress more rapidly with children presenting with severe valvular
lesions, whereas in developed countries, the progression of disease is more indolent and
manifests at older ages28.

ARF is equally common in males and females, whereas RHD occurs more commonly
in females. In the published literature of the current era, clinically detected RHD is
most commonly diagnosed in individuals aged 20 to 50 years with nearly two-thirds
of cases occurring in females28. Women are not only prone to have a higher incidence
of rheumatic mitral stenosis but are also at an increased risk of death in the setting of
RHD29. The particular burden of RHD on women needs more attention. RHD in pregnancy
is becoming increasingly recognized. In the REMEDY study, 60% of patients were women,
most of childbearing age, and only 4% were on contraceptives. Pregnancy in women
with RHD is a hidden cause of maternal as well as fetal mortality9,12. Data from endemic
countries suggest that RHD is a leading cause of indirect obstetric death, which in turn
accounts for 25% of all maternal deaths in developing countries30. This effect relates to
the worsening of pre-existing disease as a result of hemodynamic changes that occur
during pregnancy, rather than any increase in susceptibility to ARF or RHD because of
pregnancy.

Overall, RHD is a disease of poverty, overcrowding, poor sanitation, and inadequate
access to health care31. Several studies have confirmed the significant association of
low socioeconomic status and increased prevalence of RHD (Table 1), indicating that
socioeconomic factors play an important role in pathophysiology of RHD32.

The vast majority of differences in risk between populations around the world can be
explained by environmental factors. The relative contribution of each of these individual
risks is difficult to elucidate given that many of them overlap and most are associated
with poverty and economic disadvantage. Household overcrowding is perhaps the
most described risk factor among all of the environmental factors, which is amenable to
improvement4.

Table 1 Association between socioeconomic factors and the prevalence of RHD in different populations.

Reference (Author/year) Country No of individuals Socio-economic characteristics

Chun, 198449 USA,Hawaii* 104 Low socio-economic status
Vlajinac, 199150 Yugoslavia 148 Home dampness, Low education of mother**

Steer, 199951 Samoa Survey of RHD in 8767 school children Rural background
Dobson, 201252 Fiji 80 Maternal unemployment
Riaz, 201353 Bangladesh 103 Illiteracy and overcrowding
Beg, 201654 Pakistan 130 Low economic status, poor hygienic conditions, and

illiteracy
Shrestha, 201655 Nepal 53 subclinical RHD Governmental schools and unemployment of parents
Gurney, 201627 New Zealand 711 with ARF Deprivation strata

Notes.
*Among ethnic groups of Hawaii.
**Less than 4 years of elementary school.
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Presentation and diagnostic of RHD
Clinical myocarditis during initial ARF is a pan-myocarditis with resolution most often
in the first year following acute stage2. In contrast, chronic RHD is almost exclusively
dominated by valvular pathology. Although all four valves can be affected by rheumatic
fever, left-sided valvular involvement is most commonly seen. The mitral valve is affected
in almost all RHD cases13, with regurgitation in the early stages, and stenosis in later
stages. The aortic valve is involved in 20–30% of cases13, and the tricuspid valve
can also be affected, albeit less commonly. The interval between the initial episode
of rheumatic fever and clinical evidence of valve disease is variable, ranging from a few
years to more than 20 years. However, RHD has a more aggressive course in sub-Saharan
Africa and other low-income regions33.

Both ARF and RHD result in characteristic morphological changes of the mitral valve.
The morphological characteristics of ARF are extreme annular dilatation (typically from
23 mm to 37 mm) and prolapse of the anterior leaflet due to elongated but hardly ever
ruptured chordae. Together with a largely normal posterior leaflet with only minimal
chordal shortening due to the annular dilatation, the echocardiographic hallmark of
ARF is a posteriorily-directed regurgitation jet. Typically, imaging diagnostic features are
thickening at the leaflet edges and subvalvular apparatus, shortened chordae tendineae,
commissural fusion, calcification, and restricted leaflet motion. Usually, the base and
mid-sections of the leaflets move toward the ventricular apex, while the motion of the
leaflet tips is restricted because of fusion of the anterior and posterior leaflets along the
medial and lateral commissures34.

Echocardiography is the primary tool for evaluation patients with RHD35. Numerous
studies over the last 2 decades have addressed the role of echocardiography in the
diagnosis of ARF and chronic RHD2. Screening echocardiography to identify RHD has
emerged as a powerful tool for active case finding, epidemiology, and advocacy20–23, 36–39.
There is increasing evidence demonstrating that echocardiography-based screening
may be the most promising approach for preventing disease progression2,40. However,
the natural history of RHD in children with subclinical abnormalities detected by
echocardiography remains unknown41,42. The challenge is how to manage clinically
children with silent RHD, whose prevalence is substantially higher than the cases of overt
RHD24.

Echocardiography has become a reliable method for assessment of valve lesions
secondary to RHD, which provides the anatomic changes, and accurately quantifies
the severity of the valve stenosis or regurgitation35,43. In rheumatic mitral stenosis,
echocardiography allows for detailed evaluation of mitral valve morphology, including
assessment of leaflet thickness, leaflet mobility, the degree of calcification, and the
extent of subvalvular involvement (Figure 1A–D). Percutaneous mitral valvuloplasty is
the treatment of choice for patients with mitral stenosis, and echocardiography plays
a crucial role in the assessment of severity of mitral stenosis and suitability for the
procedure44,45.

Mitral valve regurgitation is the most common abnormality seen in patients with
RHD18,33,46, particularly in the early stages. Mitral regurgitation (MR) primarily results
from morphological changes that reflect chronic scarring of the mitral valve leaflets
and mitral valve apparatus. The typical echocardiographic feature of MR is valvular
thickening, particularly at the free edge of the leaflets. Chordal thickening is also a
common characteristic of rheumatic involvement and results in the restricted movement
of the mitral leaflets. The coaptation defect is typically associated with significant
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Figure 1 Transthoracic echocardiography from a patient with severe mitral stenosis in
parasternal long-axis (A) and short-axis (B) views. Both leaflets are thickened with a pliable anterior
leaflet on the long-axis view and fusion of both commissures on the short-axis view. The anterior leaflet
has been described as opening in a ‘‘hockey stick’’ appearance in parasternal long axis view (arrow).
Transthoracic echocardiography from a patient with severe mitral regurgitation, apical four-chamber view.
A coaptation defect of mitral valve can be detected (arrow) with severely dilated left atrium (C). Color flow
mapping showing severe mitral regurgitation (D). LA = left atrium; LV = left ventricle; Ao = aorta; RV =
right ventricle MV = mitral valve area, RA = right atrium.

rheumatic MR (Figure 1B–D). Chordal rupture resulting in flail leaflet with severe MR may
be seen in ARF33.

Three-dimensional echocardiography imaging is increasingly being used for evaluating
mitral valve morphology, specifically the pattern of rheumatic commissural involvement,
as well as for determining the time and the appropriate therapy for valve intervention
(Figure 2A–D).

Potential strategies for RHD control
Prevention strategies are the most appealing option for sustainable disease control in
developing nations. The WHO global action plan is to reduce the premature mortality
of non-communicable in 25% by the year of 2025, and the control and prevention
of RHD has great impact in achieving this goal47. The preventive strategies include
primordial, primary, secondary, and tertiary prevention, each of which is specific for
certain susceptible groups and situations.

Primordial prevention applies to the general population, especially in
socioeconomically disadvantaged contexts, and involves prophylactic strategies to avoid
streptococcal infection. This prevention was the responsible for the decline in cases
of acute rheumatic fever and RHD in most of the countries in the 20th even before the
introduction of antibiotics48. The precariousness of this type of prevention in resource-
poor settings justifies the fact that rheumatic fever is still a major public health challenge
among these populations4. Improving community awareness has been demonstrated by
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Figure 2 Three-dimensional transesophageal echocardiography images of rheumatic mitral
stenosis.Mitral valve seen from the left atrium (A). En face view of the mitral valve from the left ventricle
(B). Rheumatic mitral stenosis with symmetric commissural thickening. Severe rheumatic mitral stenosis
with significant thickening of anterolateral commissure, leading to an eccentric valve orifice (D).

programs incorporating public education campaigns into their RHD control strategies as
a vital element.

Sore throat detection and treatment and prevention of recurrent streptococcal
infection with long-term antibiotics are other approaches to reduce ARF and RHD
burden3. However, it is now well known that there is poor use of established preventive
and control strategies in populations with RHD. The barriers to uptake of simple,
inexpensive treatments such as penicillin are numerous but mainly reflect the lack of
systems to identify and to track patients with RHD in the community4. Establishment of
ARF and RHD registers for this purpose has been advocated as an important step towards
disease control. Case-finding, referral and treatment monitoring as part of school health
or other child health programs is possible with education of providers and additional
funding.

Final considerations
RHD has largely disappeared from wealthy countries, which may be a consequence
of improvements in socioeconomic conditions and the widespread use of penicillin G
benzathine to treat streptococcal pharyngitis. On the other hand, RHD is the major cause
of cardiovascular death in children and young adults in developing countries and its
treatment remains a challenge.

Although echocardiographic screening has played a major role to early diagnosis of
RHD, key questions have been raised on optimal therapy for patients already suffering
from the disease. The lack of access to cardiac surgery as a life-saving treatment
continues to represent a fatal endpoint of the disease for millions of patients. Most
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Figure 3 Gross and histological pathomorphological aspects of a rheumatic mitral valve
in an end state of the disease. (A) Mitral valves are thick and stiff and show scar retraction. (B)
Representative image of Picrosirius red staining showing intense collagen deposition e high degree of
fibrosis. (C) Representative immunohistochemistry image for CD68+ cells evidencing a high frequency of
macrophages in the inflammatory infiltrate. (D) Representative image of Hematoxylin and Eosin staining
of anterior mitral valve leaflets showing presence of nodular calcification (deep purple) and intense
inflammatory infiltrate.

affected patients present with severe valve disease, when timely valve intervention may
improve outcomes in these patients.

Strategies to provide high-quality tertiary care for patients with RHD should be
proposed, including sustainable cardiac surgical services. An integrated approach that
supports training new generation of surgeons at established cardiac surgical centers in
high-income countries would oversee the development of cardiac surgery in the low- to
mid-income countries. Efforts should be accelerated towards tailor-made engineering
solutions, including tissue engineered and transcatheter valves to treat young patients
with RHD.

Renewed interest in RHD and a first global effort to unite the scientific potential
of high-income regions with the clinical experience of low-and mid-income countries
promise to breathe new life into the combat of an old health problem. In industrialized
countries the socioeconomic developments of the 1950s and 1960s led to the near
abolition of RHD, which had continued unabated in overcrowding and poverty. Yet, in the
absence of cardiac surgical capabilities even the extent to which RHD requires surgical
intervention had remained in the dark. This changed with the process initiated by the
Cape Town Declaration10. Beyond creating a global structure that promises to unite
the research capacity of developed countries with the clinical exposure of developing
countries, one of the significant secondary gains of the Cape Town Process was to
elucidate the true magnitude of the clinical problem.
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For the first time, a multi-nation effort representing almost 4 billion people of 16
countries showed the annual need for life-saving heart valve surgery for RHD. As the
umbrella structure created under the Cape Town Declaration is based on 5 pillars of
which two are sites with a high clinical burden of RHD and one is a renowned academic
institution in a high-income country, research efforts can be expected to see a distinct
boost.

Together with the emerging medical science and newly awakened global policies to
tackle RHD, chances have never been so great to end a health debacle that has targeted
the poorest and weakest of societies for too long.

FUNDING
Dr. Elena Aikawa is supported by National Institutes of Health (NIH) grants R01HL 136431,
R01HL 141917 and R01HL 147095.

DISCLOSURES
None.

REFERENCES
[1] Bryant PA, Robins-Browne R, Carapetis JR, Curtis N. Some of the people, some of the time: Susceptibility

to acute rheumatic fever. Circulation. 2009;119:742–753.
[2] Gewitz MH, Baltimore RS, Tani LY, Sable CA, Shulman ST, Carapetis J, et al. Revision of the jones criteria

for the diagnosis of acute rheumatic fever in the era of doppler echocardiography: A scientific statement
from the american heart association. Circulation. 2015;131:1806–1818.

[3] Karthikeyan G, Guilherme L. Acute rheumatic fever. Lancet . 2018;392:161–174.
[4] Carapetis JR, Beaton A, Cunningham MW, Guilherme L, Karthikeyan G, Mayosi BM, et al. Acute rheumatic

fever and rheumatic heart disease. Nature reviews. Disease primers. 2016;2:15084.
[5] Watkins DA, Johnson CO, Colquhoun SM, Karthikeyan G, Beaton A, Bukhman G, et al. Global, regional,

and national burden of rheumatic heart disease, 1990–2015. The New England journal of medicine.
2017;377:713–722.

[6] Watkins DA, Beaton AZ, Carapetis JR, Karthikeyan G, Mayosi BM, Wyber R, et al. Rheumatic heart
disease worldwide: Jacc scientific expert panel. Journal of the American College of Cardiology .
2018;72:1397–1416.

[7] Leal MTBC, Passos LSA, Guarçoni FV, Aguiar JMdS, Silva RBRd, Paula TMNd, et al. Rheumatic heart
disease in the modern era: Recent developments and current challenges. Revista da Sociedade
Brasileira de Medicina Tropical. 2019;52.

[8] Zuhlke L, Karthikeyan G, Engel ME, Rangarajan S, Mackie P, Cupido-Katya Mauff B, et al. Clinical
outcomes in 3343 children and adults with rheumatic heart disease from 14 low- and middle-income
countries: Two-year follow-up of the global rheumatic heart disease registry (the remedy study).
Circulation. 2016;134:1456–1466.

[9] Zuhlke L, Engel ME, Karthikeyan G, Rangarajan S, Mackie P, Cupido B, et al. Characteristics,
complications, and gaps in evidence-based interventions in rheumatic heart disease: The global
rheumatic heart disease registry (the remedy study). European heart journal. 2015;36:1115–1122a.

[10] Zilla P, Bolman RM, Yacoub MH, Beyersdorf F, Sliwa K, Zuhlke L, et al. The cape town declaration on
access to cardiac surgery in the developing world. Cardiovascular journal of Africa. 2018a;29:256–259.

[11] Zilla P, Yacoub M, Zuhlke L, Beyersdorf F, Sliwa K, Khubulava G, et al. Global unmet needs in cardiac
surgery. Glob Heart . 2018;13:293–303.

[12] Carapetis JR. The stark reality of rheumatic heart disease. European heart journal. 2015;36:1070–1073.
[13] Marijon E, Mirabel M, Celermajer DS, Jouven X. Rheumatic heart disease. Lancet . 2012;379:953–964.
[14] Sliwa K, Carrington M, Mayosi BM, Zigiriadis E, Mvungi R, Stewart S. Incidence and characteristics of

newly diagnosed rheumatic heart disease in urban african adults: Insights from the heart of soweto
study. European heart journal. 2010;31:719–727.

[15] Erratum to: ‘Tavi for low to middle income countries’. Eur Heart J . 2018;39:1406.
[16] Sliwa K, Zilla P. Rheumatic heart disease: The tip of the iceberg. Circulation. 2012;125:3060–3062.
[17] Kaplan EL. Pathogenesis of acute rheumatic fever and rheumatic heart disease: Evasive after half a

century of clinical, epidemiological, and laboratory investigation. Heart . 2005;91:3–4.
[18] Saxena A, Zuhlke L, Wilson N. Echocardiographic screening for rheumatic heart disease: Issues for the

cardiology community. Global heart . 2013;8:197–202.
[19] Engelman D, Wheaton GR, Mataika RL, Kado JH, Colquhoun SM, Remenyi B, et al. Screening-detected

rheumatic heart disease can progress to severe disease. Heart Asia. 2016;8:67–73.



Page 10 of 11
Passos et al. GCSP 2020:26

[20] Marijon E, Ou P, Celermajer DS, Ferreira B, Mocumbi AO, Jani D, et al. Prevalence of rheumatic
heart disease detected by echocardiographic screening. The New England journal of medicine.
2007;357:470–476.

[21] Beaton A, Okello E, Lwabi P, Mondo C, McCarter R, Sable C. Echocardiography screening for rheumatic
heart disease in ugandan schoolchildren. Circulation. 2012;125:3127–3132.

[22] Nascimento BR, Beaton AZ, Nunes MC, Diamantino AC, Carmo GA, Oliveira KK, et al. Echocardiographic
prevalence of rheumatic heart disease in brazilian schoolchildren: Data from the provar study.
International journal of cardiology . 2016;219:439–445.

[23] Roberts K, Maguire G, Brown A, Atkinson D, Remenyi B, Wheaton G, et al. Echocardiographic screening
for rheumatic heart disease in high and low risk australian children. Circulation. 2014;129:1953–1961.

[24] Rothenbuhler M, O’Sullivan CJ, Stortecky S, Stefanini GG, Spitzer E, Estill J, et al. Active surveillance for
rheumatic heart disease in endemic regions: A systematic review and meta-analysis of prevalence
among children and adolescents. The Lancet. Global health. 2014;2:e717–726.

[25] Gemechu T, Mahmoud H, Parry EH, Phillips DI, Yacoub MH. Community-based prevalence study of
rheumatic heart disease in rural ethiopia. European journal of preventive cardiology . 2017;24:717–723.

[26] Nascimento BR, Beaton AZ, Diamantino AC, Mariado Carmo PN, Reese AT, Oliveira KK, et al. 2017.
Comparison between different strategies of rheumatic heart disease echocardiographic screening in
brazil: Data from the provar study.

[27] Gurney J, Stanley J, Baker M, Wilson N, Sarfati D. Estimating the risk of acute rheumatic fever in new
zealand by age, ethnicity and deprivation. Epidemiology & Infection. 2016;144:3058–3067.

[28] Zühlke LJ, Beaton A, Engel ME, Hugo-Hamman CT, Karthikeyan G, Katzenellenbogen JM, et al. Group
a streptococcus, acute rheumatic fever and rheumatic heart disease: Epidemiology and clinical
considerations. Current treatment options in cardiovascular medicine. 2017;19:15.

[29] Oli K, Asmera J. Rheumatic heart disease in ethiopia: Could it be more malignant? Ethiopian medical
journal. 2004;42:1–8.

[30] Say L, Chou D, Gemmill A, Tunçalp Ö, Moller A-B, Daniels J, et al. Global causes of maternal death: A who
systematic analysis. The Lancet Global Health. 2014;2:e323–e333.

[31] Carapetis JR, Currie BJ. Mortality due to acute rheumatic fever and rheumatic heart disease in the
northern territory: A preventable cause of death in aboriginal people. Australian and New Zealand
journal of public health. 1999;23:159–163.

[32] Sharma N, Toor D. Impact of socio-economic factors on increased risk and progression of rheumatic
heart disease in developing nations. Current infectious disease reports. 2019;21:21.

[33] Sika-Paotonu D, Beaton A, Raghu A, Steer A, Carapetis J. 2017. Acute rheumatic fever and rheumatic
heart disease.

[34] Chandrashekhar Y, Westaby S, Narula J. Mitral stenosis. Lancet . 2009;374:1271–1283.
[35] Saxena A. Echocardiographic diagnosis of chronic rheumatic valvular lesions. Global heart .

2013;8:203–212.
[36] Marijon E, Celermajer DS, Tafflet M, El-Haou S, Jani DN, Ferreira B, et al. Rheumatic heart disease

screening by echocardiography: The inadequacy of world health organization criteria for optimizing
the diagnosis of subclinical disease. Circulation. 2009;120(2009):663–668.

[37] Paar JA, Berrios NM, Rose JD, Caceres M, Pena R, Perez W, et al. Prevalence of rheumatic heart disease in
children and young adults in nicaragua. The American journal of cardiology . 2010;105:1809–1814.

[38] Engel ME, Haileamlak A, Zuhlke L, Lemmer CE, Nkepu S, van de Wall M, et al. Prevalence of
rheumatic heart disease in 4720 asymptomatic scholars from south africa and ethiopia. Heart .
2015;101:1389–1394.

[39] Mirabel M, Fauchier T, Bacquelin R, Tafflet M, Germain A, Robillard C, et al. Echocardiography
screening to detect rheumatic heart disease: A cohort study of schoolchildren in french pacific islands.
International journal of cardiology . 2015;188(2015):89–95.

[40] Cannon J, Roberts K, Milne C, Carapetis JR. Rheumatic heart disease severity, progression and outcomes:
A multi-state model. Journal of the American Heart Association. 2017;6.

[41] Zuhlke L, Mayosi BM. Echocardiographic screening for subclinical rheumatic heart disease remains a
research tool pending studies of impact on prognosis. Current cardiology reports. 2013;15:343.

[42] Roberts K, Colquhoun S, Steer A, Remenyi B, Carapetis J. Screening for rheumatic heart disease: Current
approaches and controversies. Nature reviews. Cardiology . 2013;10:49–58.

[43] Baumgartner H, Falk V, Bax JJ, De Bonis M, Hamm C, Holm PJ, et al. esc/eacts guidelines for the
management of valvular heart disease. European heart journal. 2017;38:2739–2791.

[44] Nunes MC, Tan TC, Elmariah S, do Lago R, Margey R, Cruz-Gonzalez I, et al. The echo score revisited:
Impact of incorporating commissural morphology and leaflet displacement to the prediction of outcome
for patients undergoing percutaneous mitral valvuloplasty. Circulation. 2014;129:886–895.

[45] Nunes MC, Nascimento BR, Lodi-Junqueira L, Tan TC, Athayde GR, Hung J. Update on percutaneous
mitral commissurotomy. Heart . 2016;102:500–507.

[46] Rowe JC, Bland EF, Sprague HB, White PD. The course of mitral stenosis without surgery: Ten- and
twenty-year perspectives. Annals of internal medicine. 1960;52:741–749.

[47] White A. 2018. Who resolution on rheumatic heart disease..
[48] Gordis L. The virtual disappearance of rheumatic fever in the united states: Lessons in the rise and fall

of disease. T. Duckett jones memorial lecture. Circulation. 1985;72:1155–1162.
[49] Chun LT, Reddy V, Rhoads GG. Occurrence and prevention of rheumatic fever among ethnic groups of

hawaii. American journal of diseases of children. 1984;138:476–478.



Page 11 of 11
Passos et al. GCSP 2020:26

[50] Vlajinac H, Adanja B, Marinković J, Jarebinski M. Influence of socio-economic and other factors on
rheumatic fever occurrence. European journal of epidemiology . 1991;7:702–704.

[51] Steer AC, Kado J, Wilson N, Tuiketei T, Batzloff M, Waqatakirewa L, et al. High prevalence of rheumatic
heart disease by clinical and echocardiographic screening among children in fiji. The Journal of heart
valve disease. 2009;18:327–335.

[52] Dobson J, Steer AC, Colquhoun S, Kado J. Environmental factors and rheumatic heart disease in fiji.
Pediatric cardiology . 2012;33:332–336.

[53] Riaz BK, Selim S, Karim MN, Chowdhury KN, Chowdhury SH, Rahman MR. Risk factors of rheumatic heart
disease in bangladesh: A case-control study. Journal of health, population, and nutrition. 2013;31:70.

[54] Beg AB, Younas M, Asma T. Rheumatic heart disease (rhd). The Professional Medical Journal.
2016;23:324–327.

[55] Shrestha NR, Karki P, Mahto R, Gurung K, Pandey N, Agrawal K, et al. Prevalence of subclinical rheumatic
heart disease in eastern nepal: A school-based cross-sectional study. JAMA cardiology . 2016;1:89–96.


