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Opinion statement
Early recognition of group A streptococcal pharyngitis and appropriate management with benzathine penicillin using local clinical prediction rules together with
validated rapi-strep testing when available should be incorporated in primary
health care. A directed approach to the differential diagnosis of acute rheumatic
fever now includes the concept of low-risk versus medium-to-high risk populations. Initiation of secondary prophylaxis and the establishment of early medium
to long-term care plans is a key aspect of the management of ARF. It is a
requirement to identify high-risk individuals with RHD such as those with heart
failure, pregnant women, and those with severe disease and multiple valve
involvement. As penicillin is the mainstay of primary and secondary prevention,
further research into penicillin supply chains, alternate preparations and modes of
delivery is required.
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Introduction
Acute rheumatic fever (ARF) and its sequel, rheumatic
heart disease (RHD), cause significant morbidity and
mortality in developing countries, yet they are underrecognized as global health problems [1]. A recent surge
in the scientific exploration of ARF and RHD has resulted in alternate hypotheses regarding the pathogenesis of
ARF, new global burden of disease estimates and revised
diagnostic criteria. These scientific advances have been

mirrored by the declaration of their commitment to end
ARF/RHD on the part of international agencies, such as
the World Heart Federation (WHF) [2], the World
Health Organization (WHO) [3], and the African Union
(AU) [4]. This review summarizes these findings and
provides a clinical perspective on ARF/RHD pathogenesis, epidemiology, diagnosis, prevention, management
and control.

Pathophysiology
Although epidemiological and immunological studies have clearly identified
group A β-hemolytic streptococcus (GAS) as the etiologic agent triggering ARF
in a susceptible host, the molecular pathways linking GAS to ARF are still poorly
understood. Molecular mimicry and autoimmunity probably play a pivotal role
in the pathogenesis of ARF and carditis [5] since it was shown that the streptococcal M protein shares an α-helical coiled structure with cardiac proteins
such as myosin and that antibodies isolated from ARF patients cross-react with
both M protein and heart tissue. Elevated in patients with valvular involvement,
these antibodies are significantly reduced after surgical removal of inflamed
valves and they correlate with poor prognosis [6]. Moreover, heart-M protein
cross-reactive T cells have been isolated from the myocardium and the valves of
RHD patients suggesting their involvement in the pathophysiology of the
disease [7, 8]. However, the role of collagen should not be underestimated, as
shown by recent studies demonstrating pathological findings in subendothelial
and perivascular connective tissue in ARF [9].
It has been demonstrated that a streptococcal M protein domain called PARF
(peptide associated with rheumatic fever) binds to the CB3 region of collagen
type IV resulting in an antibody response to the collagen with consequent
inflammation [10]. However, a recent study in New Zealand (NZ) has shown
that among 74 GAS strains associated with ARF, only one GAS isolate contained
the PARF motif, thus suggesting that additional and/or complementary mechanisms are likely to be involved with ARF pathogenesis [11].
At the clinical level, chronic RHD characterized by fibrinous pericarditis and
interstitial granulomas or Aschoff’s nodules (loose granulomas with central
fibrinoid necrosis and giant multinucleated cells) in the myocardium can
resolve without residual damage while those associated with valvulitis usually
lead to permanent damage [12]. This variation may be related to the healing
capacity of the valvular endothelial cells [13, 14], together with exposure to
collagen, either released from damaged valves or bound to GAS [15]. Once the
valves are damaged, anti-collagen antibodies may well be part of the complex
autoimmune response responsible for ongoing damage. Overall, these studies
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suggest that ARF/RHD result from a complex interplay among multiple streptococcal antigens, cross-reactive antibodies and multi-pronged immune targets.

Current epidemiology of GAS, ARF, and RHD around the world
Group A streptococcus
GAS causes a range of human infections, the most common of which is
pharyngitis in children 5–15 years of age. GAS impetigo remains a common
childhood infection in tropical developing countries [16, 17]. Controversy still
remains regarding the role of GAS in infections other than pharyngitis [18–20].
The epidemiology of GAS upper respiratory infection in Fiji shows an incidence
of 14.7 cases per 100 child-years (95% CI, 11.2–18.8) and among African
countries, proportions of sore throats due to GAS ranging from 9.3% in Morocco to 41.3% in Tunisia [21, 22].
Subtyping based on the highly variable N-terminus of the GAS surface M
protein allows for characterization of GAS into 9200 so-called emm-types [23,
24]. Recently, Sanderson-Smith proposed a classification scheme based on 48
emm-clusters, facilitating surveillance and the vaccines development [25]. Significant global variation in emm-type distribution has been reported,
highlighting the failure to include predominant emm-subtypes from the south
Pacific [26] and Africa [27] in earlier M-protein based vaccine initiatives.

Acute rheumatic fever and rheumatic heart disease
The incidence of ARF peaks between 5 and 15 years of age and is rare over
30 years of age, with approximately 60% of people with ARF in endemic
communities subsequently developing RHD [28, 29]. ARF incidence is similar
in males and females but the risk of RHD is 1.6–2.0 times greater in women [29,
30] likely due to several factors including worsening of existing disease during
pregnancy [31, 32], GAS exposure during child rearing, limited access to services
and intrinsic/hormonal factors [33]. The most recent estimates of the global
burden of RHD include 9 million disability-adjusted life years lost, 33 million
prevalent cases and 275,000 deaths each year, with deaths occurring predominantly in low- and middle-income countries (LMICs) as depicted in Fig. 1 [34–

Fig. 1. Global prevalence and mortality rates. Source: data derived from Global Burden of Disease data 2010/2013.
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36]. RHD prevalence increases with age [29] with survival varying with access
and adherence to secondary prophylaxis to prevent ARF recurrence, severity of
valvular damage and access to specialist management and surgery [17, 37].
The epidemiology of RHD varies by region [17], with a particularly high
prevalence in Africa [32, 38, 39] and the Pacific region [40–43] but a high
burden also in Latin America [44], the Middle East [45, 46] and Asia [17, 47].
The age-distribution of prevalent RHD cases globally reflect two distinct epidemics. The first epidemic occurred until the mid-20th century in high-income
countries where the majority of surviving prevalent cases is over 50 years of age
with few incident cases [17, 34]. The second on-going epidemic is characterized
by a very high incidence in LMICs and among disadvantaged communities
living in industrialized countries [17, 34] such as minority indigenous peoples
living in Australasia [29, 48–50] and North America [51–54]. This on-going
epidemic is reflected in high proportions of cases at young ages, reducing with
age due to poor survival. Australia is a good case study to contrast two populations experiencing different epidemics in the same country, using RHD/ARF
hospital admission counts as a proxy for burden in Australia. RHD is also
associated with almost a quarter of prevalent Indigenous Australian stroke cases
aged 20–34 years [55].

Diagnosis and clinical features of acute rheumatic fever
ARF is a systemic inflammatory autoimmune reaction that appears 2–4 weeks
after GAS pharyngitis with major manifestations including carditis (50–78%)
[56–58], arthritis (35–88%), [56, 58], erythema marginatum (G6%) [59], and
subcutaneous nodules (G1–13%) [58, 60]. Additionally, 2–19% [56, 61] of
patients present with Sydenhams’ chorea, a neurological condition characterized by involuntary movements and behavioral changes [60]. Minor manifestations include PR prolongation, less severe joint manifestations, fever, and
elevated inflammatory markers [62].
The carditis of ARF is a pancarditis, with valvulitis being the most common
presentation [63]. It ranges widely in severity from mild sub-clinical involvement (16.8%) [64] to severe carditis with congestive heart failure and/or death
(20%) [56]. Most cases involved the mitral valve. Isolated aortic valve disease
occurs in only 2% of patients and right-sided valvulitis is seen only in combination with left [65].
The arthritis of ARF is most classically a painful large joint migratory
polyarthritis. The arthritis improves dramatically with anti-inflammatory therapy and a history of self-medication prior to presentation can mask recognition.
Evidence from Australia [61, 66], India [67], and the Pacific [68] has highlighted
the importance of monoarthritis and polyarthralgia in the presentation of ARF,
and the most recent diagnostic criteria now take these presentations into
account [62].
Sydenham’s chorea occurs 1–8 months after GAS infection [69]. Choreiform
movements are non-rhythmic, involuntary, often asymmetrical, and disappear
with sleep. Concurrent muscular weakness and emotional disturbances (crying,
restlessness, obsessive-compulsive symptoms, rare psychosis) can occur [70].
Alternate diagnoses should be excluded. Evidence of recent GAS infection and/
or carditis provides supporting evidence of ARF, but is not needed to make the
diagnosis [71].
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The 2015 Jones criteria
ARF remains a clinical diagnosis, with no single confirmatory test. The
most widely used diagnostic criteria (The Jones Criteria) were first proposed in 1944 (Jones, 1944), and were recently modified in 2015 [62].
Diagnosis with an initial episode of ARF requires documentation of a
recent streptococcal infection and at least two major or one major and
two minor criteria (see Table 1). The 2015 Jones criteria include several
important changes to previous iterations including the inclusion of
echocardiography for the diagnosis of carditis, two sets of criteria based
on risk stratification, and the provision of specific recommendations for
diagnosis of recurrent ARF.
Sub-clinical carditis (SCC) is now recognized as a manifestation of ARF. A
meta-analysis of 23 studies from 5 continents demonstrated that 16.8% of
patients with ARF had SCC and that almost half of these (44.7%) showed
progressive valve disease [64]. Thus, the 2015 Jones criteria place a high importance on echocardiography and provide specific diagnostic criteria for SCC.
Clinical or SCC fulfills a major criterion in all populations. It is recommended
that, when possible, all patients with confirmed or suspected ARF undergo
echocardiography to evaluate for carditis, with those who are negative on first
evaluation undergoing repeated study to assess for evolving cardiac disease [62].
Additionally, echocardiography is considered more specific than auscultation
[72], and a normal echocardiogram excludes the diagnosis of clinical carditis
[62].
The 2015 Jones criteria distinguish low-risk populations, where it is important
to avoid over-diagnosis of ARF, from moderate-to-high risk populations, where it
is most important to ensure ARF is not missed [62]. Clinicians are directed to the
moderate-to-high risk pathway if a suspected ARF patient is not clearly from a
low-risk group (ARF incidence G2 per 100,000 school-aged children per year or
an all-age prevalence of RHD of ≤1 per 1000 population per year).
Patients with ARF are at high risk for recurrent ARF. Patients with a history of
ARF/RHD, documentation of a recent streptococcal infection, and exclusion of
competing diagnoses should be diagnosed with recurrent ARF when 2 major, 1
major and 2 minor, or 3 minor criteria are fulfilled [62].

Management of acute rheumatic fever
Management of ARF involves controlling inflammation, managing carditis,
eradicating GAS and preventing recurrences (see Table 2). Aspirin has been the
mainstay of anti-inflammatory treatment and is most commonly used in
practice. Naproxen may have equivalent efficacy with fewer side effects [73]. In
cases of severe rheumatic carditis, most clinicians believe the addition of
glucocorticoids has therapeutic benefit, but contemporary studies are lacking.
Other anti-inflammatory agents (e.g., ACTH, immunoglobulins) have not been
shown to be superior in modification of carditis and are not routinely recommended.
Patients with severe carditis should also be managed with conventional heart failure therapy. Bed rest for those with moderate-to-severe
carditis is still recommended but there is a lack of contemporary data
supporting this practice [74]. Surgery during the acute phase is avoided
when possible and is associated with poor outcomes [75]. Pharyngeal
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Table 1. Summary of the 2015 Jones criteria [62]
Evidence of Preceding GAS Infecon (at least one of the following)
1. Increased or rising an-streptolysin O ter or other streptococcal anbodies(an-DNASE
B). A rise in ter is beer evidence than a single ter result
2. A posive throat culture for group A [beta]-hemolyc streptococci
3. A posive rapid group A streptococcal carbohydrate angen test in a child whose clinical
presentaon suggests a high pretest probabilityof streptococcal pharyngis

Risk Straﬁcaon

Low-Risk Populaon

Moderate/High Risk Populaon

ARF incidence ≤ 2 per 100,000 school-aged

Children not clearly from a low-risk populaon.

children or all-age RHD prevalence of ≤ 1 per
1000 populaon year

Major Criteria

Clinical and/or Subclinical Cardis

Clinical and/or Subclinical Cardis

Polyarthris

Monoarthris, Polyarthris, and/or
Polyarthralgia

Chorea

Chorea

Erythema Marginatum

Erythema Marginatum

Subcutaneous Nodules

Subcutaneous Nodules

Minor Criteria
Prolonged PR interval

Prolonged PR interval

Polyarthralgia

Monoarthralgia

≥ 38.5°C

≥ 38°C

Peak ESR ≥ 60mm in 1 hour and/or CRP ≥ 3.0

Peak ESR ≥ 30mm in 1 hour and/or CRP ≥ 3.0

mg/dL

mg/dL

15 Page 8 of 23

Curr Treat Options Cardio Med (2017) 19: 15

Table 2. Primary and secondary prevention [163]
Primary prevenon (treatment of GAS pharyngis)

Agent

Dose

Route

Duraon

Benzathine penicillin G

≥27 kg: 1.2 million units

IM injecon

Once

Oral

10 d

<27 kg: 600,000 units
Penicillin V

Children 250 mg, × 2-3/d
Adults 500 mg, × 2-3/d

If penicillin allergy, opons include narrow spectrum cephalosporin, clindamycin,
azithromycin and clarithromycin. Consult local guidelines or see American Heart Associaon
Guideline81
Secondary prevenon (prevenon of recurrent aacks)a
Agent
Benzathine penicillin G

Dose

Route

≥20 kg: 1.2 million units
(<20 kg: 600,000 units)

Duraon

IM
injecon

b

every 4 wk

a

Penicillin V

250 mg × 2/d

Oral

Erythromycin

250 mg × 2/d

Oral

Duraon of secondary prophylaxisdepends on history of cardis and if valvular involvement persists.

In most cases, minimum duraon is 10 years since last ARF episode or unl age 21 years, whichever is
longer, with prolongaon unl age 35-40 years in individuals with signiﬁcant valvular disease.
b

Although 4-weekly injecons are eﬀecve if good adherence can be assured, benzathine penicillin G

may be given more frequently –every 3 or every 2 weeks –if there is a desire to further increase the
eﬃcacy in prevenng recurrent ARF.
IM, intramuscular, kg-kilograms

Curr Treat Options Cardio Med (2017) 19: 15
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eradication of GAS is important and is universally recommended [76].
Oral or intramuscular penicillin is most commonly utilized. Symptomatic household contacts should also have throat cultures with treatment
for positive results [76].
Sydenham’s chorea resolves in an average of 12–15 weeks, but
symptoms can last for years, and recurrences are seen in up to one-third
of those [77]. Treatment for Sydenham’s chorea is recommended when
associated with significant motor impairment. Corticosteroids may
shorten the disease course but do not change the rate of relapse. Other
typical and atypical antipsychotics and neuroleptic medications are reserved for resistant patients [78]. As with other ARF presentations,
eradication of GAS and initiation of secondary penicillin prophylaxis are
recommended, and recurrent GAS infection is associated with recurrences
[79].

Comprehensive evaluation in rheumatic heart disease
Echocardiography
Echocardiography is indispensible for assessment of valve lesions secondary to
RHD and the gold standard comprehensive assessment prior to surgical or
catheter intervention. Transesophageal echo may be required in some cases,
especially in older patients to better define features of RHD.
The most common lesion is mitral regurgitation (MR), while mitral stenosis
(MS) is (outside of congenital mitral stenosis) pathognomonic of RHD.
In MR, two-dimensional echocardiography (2DE) shows elongated chordae
causing prolapse of the anterior mitral valve leaflet (AML). In acute cases, either
due to acute rheumatic carditis or superimposed infective endocarditis, chordal
rupture may occur, seen as flail AML along with severe eccentric MR (Fig. 2).
Color flow imaging can grade the severity of MR. Depending on MR severity and
chronicity, the left atrium and left ventricle dilate. Left ventricular end systolic

Fig. 2. Echocardiogram from a patient with severe mitral regurgitation secondary to a flail anterior mitral leaflet (arrow) (a). Color
Doppler shows severe eccentric mitral regurgitation (b).
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and end diastolic volumes, and ejection fraction can be calculated using
Simpson’s or area-length methods.
In patients with MS, 2DE shows commissural fusion and chordal thickening. The restricted movement of mitral leaflets results in doming, producing
elbow or dog leg deformity of the anterior mitral leaflet (AML). Often the
posterior mitral leaflet is also rigid and shows paradoxical motion (Fig. 3a).
Calcification of valve leaflets may be seen in older patients. Color Doppler
shows a narrow diastolic jet that may be eccentric due to significant subvalvular
deformity. Severity of MS can be assessed by calculating mitral valve area, most
commonly by Doppler derived pressure half time and 2DE-derived planimetry
methods (Fig. 3b) [80]. The left atrium among MS patients is enlarged; in some
cases, it may show a thrombus in the cavity or in its appendage. Tricuspid
regurgitation with dilation of right sided chambers is seen in those with significant pulmonary hypertension secondary to severe MS.
Aortic valve involvement due to RHD is often associated with MR, MS or
both. Although aortic regurgitation (AR) is more common than aortic stenosis,
both may coexist. The valve leaflets will be thickened, especially at level of their
edges. Commissural fusion with restriction of leaflet motion is quite pathognomonic of chronic rheumatic process. In patients with AR, coaptation defect and
leaflet prolapse are easily demonstrable on echocardiography. Color flow imaging quantifies the severity of AR [81]. The left ventricle is enlarged in significant
and chronic AR; left atrium size is usually normal unless MR is associated.
Three dimensional echocardiography (3DE) allows for the visualization of the
entire mitral valve apparatus and assessment of MS and MR severity. Real time
3DE color Doppler imaging measures Proximal Isovelocity Surface Area (PISA)
without geometric assumptions or the requirement of an angle correction factor
[82]. Similarly, the cross-sectional area of vena contracta is more accurately
determined by 3DE [83]. The mechanism of MR as shown on 3DE helps the
surgeon to predict the complexity of repairing the valve [84]. The role of 3DE is
expanding for aortic valve lesions; it is likely to be useful for guiding valve repair.

Fig. 3. Echocardiogram from a patient with severe mitral stenosis showing thickened mitral valve with restricted opening (a) and
commissural fusion (arrows) (b). Mitral valve area by planimetry is 0.73 cm2.
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Portable and handheld echocardiography
The use of portable echocardiography was demonstrated in the first screening
studies of asymptomatic schoolchildren [85, 86] with comparable color,
Doppler and morphological assessments. These portable echo machines provide highly needed technology at a fraction of the price of larger machines. As
the need for decentralized and inexpensive echocardiography has grown, particularly in RHD-endemic countries, hand-held or ultra-portable machines have
been applied very successfully in clinical practice and research [87]. Despite the
limitations of these machines, the ability to cheaply and accurately visualize a
rheumatic valve, assess left ventricular function and exclude pericardial effusions in remote settings has tremendous value [88, 89].

Cardiac catherization
Cardiac catheterization is rarely required for making a diagnosis or informing
treatment decisions. There are however a few situations in which information
from catheterization and angiography may be required for planning appropriate treatment. Firstly, older patients scheduled for valve surgery require coronary angiography to rule out the presence of significant coronary artery disease
(CAD). In general, men with RHD over the age of 40 years and women over the
age of 50 years should undergo coronary angiography before valve surgery [90].
Secondly, RHD involves multiple valves in a large proportion of patients [91].
Assessment of lesion severity in the presence of concomitant other valve disease
may be problematic using echocardiography. For example, the presence of
severe AR or left ventricular diastolic dysfunction may underestimate the severity of MS as measured by Doppler pressure-half-time methods [92]. Direct
measurement of the transmitral gradient at catheterization may help in better
assessing the severity of MS. Left ventricular and aortic root angiography may
also supplement information on regurgitation severity obtained at echocardiography in patients with multiple stenotic and regurgitant lesions. Finally,
direct measurement of pressures, transvalvular gradients and blood flow may
sometimes be necessary when there is discrepancy between symptoms, clinical
findings and echocardiography. Cardiac catheterization data may thus help
fine-tune treatment decisions.

Magnetic resonance imaging
Multiparametric cardiovascular magnetic resonance (CMR) combines a variety of
transmitted radiofrequency pulses and magnetic gradients in the presence of a
powerful magnetic field (pulse sequences) for a comprehensive assessment of
RHD. An advantage of CMR over echocardiography in RHD is the ability to
provide accurate and reproducible information on tissue characteristics including
myocardial fibrosis and edema [93, 94]. Unlike echocardiography, CMR imaging
does not depend on the presence of adequate acoustic windows and operator
experience for consistently obtaining interpretable images, and may provide
additional diagnostic information when echocardiographic imaging is suboptimal [95, 96]. The limitations of CMR evaluation of valve disease include its
current relative inability to be used in patients with certain types of metallic
implants. All prosthetic valves are safe for CMR imaging; however, they produce
local artifact; hence, the ability of CMR to assess the detailed structure of a
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prosthetic valve may be limited. Although CMR could provide important research
information, it is a rare and expensive resource in RHD-endemic countries and
data regarding prognostic significance of CMR in RHD are sparse [97].

Interventions
Catheter-based interventions
Percutaneous balloon mitral valvotomy (PBMV) is the procedure of choice in
patients with severe or symptomatic MS. Scores incorporating adverse morphological features of the valve and sub-valvular apparatus determine suitability for PBMV [98]. Among suitable patients without atrial fibrillation or other
contraindications, randomized trials have demonstrated durable acute and
intermediate-term outcomes that are not different from surgical
commissurotomy [99, 100]. There is also limited experience with balloon
valvotomy in aortic and tricuspid valve stenosis [101]. In general, however
catheter-based interventions can only be used in predomnantly stenotic lesions.

Cardiac surgery
Once symptomatic, cardiac surgery becomes the only life-saving option for the
majority of patients with RHD, yet this is largely not available in RHD-endemic
areas. In Africa, this lack of access is most glaring. The 900 million living in SubSaharan Africa outside South Africa have access to only 22 cardiac centers [102].
Even with the most conservative estimate, Africa would need another 400
cardiac centers at a capacity comparable to the existing ones.
Given the slow inroads prevention made in the past 15 years [103], surgery
will remain an integral part of the treatment of RHD for a long time. Furthermore, identifying patients for surgery when they are still operable would require
a significant diagnostic empowerment within resource and expertise
constrained systems.
Symptomatic MR is the leading pathology presenting in the first two decades
of life [104]. Up to one third of these patients already need life saving surgery for
decompensated pure MR at presentation [104]. Those not requiring surgery
during the acute stage often require surgery soon after. These patients have
typically thin, pliable leaflets with no scarring but a significant increase in mitral
annular diameter [105]. Echocardiographically, this is evident as a posteriorly
directed regurgitation jet, often associated with AML prolapse [105]. In three
out of four cases, the chordae tendineae are elongated and in a few even
ruptured [106]. At the other end of the spectrum of aggressive disease progression stands juvenile symptomatic MS. In an Ethiopian study, one third of
children under the age of 15 with symptomatic RHD had developed MS [107].
While pure MR in children has excellent results with repair [108] and pure MS
shows better long-term results after balloon valvuloplasty [109] than after
surgery [110], the aggressive disease progression of RHD presenting in childhood is characterized by multi-valvular involvement in a majority of patients
[91, 107] requiring prosthetic surgery.
While surgical patients who participated in studies during the 1960s and
1970s were largely in their late twenties and early thirties [111], today’s patients
come to surgery in their forties to early fifties in the urban populations of
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threshold countries (mostly upper middle-income countries) [112]. With two
thirds of mitral patients over the age of forty showing degrees of leaflet thickening and rigidity [113], the repairable group is limited to a minority of the
patients and even with sophisticated surgical techniques have high re-operation
rates [114]. As such, prosthetic solutions need to resolve the dilemma of early
degeneration in bioprosthetic valves [115] versus high thrombo-embolic complications [116] in mechanical valves for whom adherence is more challenging
[117]. In view of the limited access to open heart surgery in countries where
RHD is prevalent [118], simplified trans-catheter implantations of long-lasting,
affordable synthetic valves may hold a key to an accessible surgical therapy of
RHD [119] for those patients most affected by the disease.

Global research consortia
Screening for asymptomatic RHD
If patients with RHD are diagnosed early with timely institution of secondary
prophylaxis, the progression to permanent valve damage due to recurrent episodes of ARF may not occur. This argument has led to a multitude of echocardiographic screening programs to document the prevalence of subclinical disease
and to institute early therapy in individuals with screen-positive lesions [120–
126]. Although this has resulted in much debate [127, 128], it has also led to the
publication of the WHF evidenced-based guidelines for the echocardiographic
diagnosis of RHD in screening of asymptomatic populations [129]. This represents an important new contribution to the research landscape of RHD, providing
a much-needed objective method to ensure uniformity in diagnosis and following
participants with subclinical lesions detected in screening studies to determine the
progression of these lesions [130–134]. This has also marked a new era of
multinational research consortia in the RHD landscape.

Clinical burden of disease
The clinical burden of RHD in LMICs was highlighted in a multi-center study
involving 14 countries from Africa, India and Yemen [135]. The Global Rheumatic
Heart Disease Registry (REMEDY) revealed that patients were young, largely unemployed and mostly women in childbearing age with severe manifestations and
complications of the disease, and that delivery of secondary prevention and tertiary
interventions such as anticoagulation is poor. In a rare example of “research to
action,” this data informed the development of RHD action plans in Africa [136].
This study has resulted in two further international collaborations: the RHDGen
consortium, focusing on the genetic epidemiology of RHD, with similar work in
Australia, NZ, Fiji and the UK, and the Investigation of Rheumatic AF Treatment
Using Vitamin K Antagonists, rivoroxaban or aspirin studies (INVICTUS)—an
ambitious project enrolling over 25,000 cases worldwide [137, 138].

RHD centers of excellence
In 2015, a national consortium of Australian RF/RHD researchers established the
END RHD Center for Research Excellence (CRE). This has a singular vision to
develop a costed, stepwise strategy that would lead to elimination of RHD as an
issue of public health importance in Australia. This will include policy makers,
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Table 3. Key roles of control programs

Key roles of control programs
• Establish an ARF/RHD register to help coordinate care, improve delivery of long-term treatment, reduce recurrent ARF in those
at risk, and follow up individuals defaulting from treatment
• Ensure all individuals with ARF or RHD are included on ARF/RHD disease registers
• Improve delivery of long-term secondary prevention treatment, to prevent recurrent ARF and development or progression of
RHD
• Support clinical and public health practice by increasing disease awareness and expertise among the health workforce, so that
they can provide appropriate health services to people with ARF and RHD, including clinical care and follow-up, in line with
best practice
• Provide advice on education and self-management support for people with ARF and RHD and their families, and the community

service providers, and community members to undertake research and translation
activities in all areas of RHD prevention and control and develop a significant
program of research specifically focused on engaging people living with RHD.
Similar centers of excellence are proposed in Africa and other endemic areas [139].

RHD Action
RHD Action was launched in 2015 as a global movement committed to
reducing the burden of RHD in vulnerable populations throughout the world.
It combines the scientific and technical expertise of Rheumatic Heart Disease,
Evidence, Advocacy, Communication and Hope (RhEACH), the policy efforts
of the WHF and the platform provided by Medtronic Foundation to provide
tools [140] to strengthen efforts in-country and empower and support people
living with and affected by RHD and addresses the need for multidisciplinary
and intersectional collaboration in addressing RHD (http://rhdaction.org/).

Global strategies to eliminate RHD in the twenty-first century:
prevention and control programs
Prevention
ARF risk factors at the primordial level are relatively well defined, with household
overcrowding the most consistently identified risk [141–143]. Evidence suggests that environmental conditions are the major determinant of ARF and
RHD. However, few evidence-based, cost-effective primordial preventive strategies have been identified. Strong primary preventive programs (active case
detection and treatment of streptococcal sore throat) are in place in NZ with
school-based sore throat clinics targeting populations in whom ARF rates are
high [144, 145]. Secondary prevention is the key focus of most control strategies,
due to its proven efficacy, cost-effectiveness, and the challenges of primordial
and primary prevention. Secondary prevention comprises 4-weekly intramuscular benzathine penicillin injections (Table 2). This treatment regimen [146]
significantly reduces ARF recurrence rates [147] and can reduce the severity of
rheumatic valvular lesions, or be associated with their regression of valve
lesions, over time [17, 146]. There is evidence that integrating primary and
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secondary prevention can be very effective and affordable in low-income settings. For instance, one study estimated that Cuba’s integrated ARF/RHD program reduced the burden of RHD by over 90% and that, following an initial
investment of about US$ 0.07 per child per year, substantial treatment costs
were saved in the long run [148].

Control programs
Register-based control programs are essential to guide patient care and provide
a valuable epidemiological resource [149] (Table 3). Many international examples of successful register-based programs exist, including in low resource
settings in Africa, Oceania and South America [150, 151]. The best measure of
an effective secondary prevention program is the ARF recurrence rate. In NZ,
where ARF/RHD registers have been operating for many years, documented
recurrence rates are less than 10% [152]. When a register-based secondary
prevention program was introduced in northern Australia in 1997 [153],
around 45% of ARF cases were recurrences [154] but by 2015, this proportion
had fallen to 26% (Top End RHD Control Program—unpublished data).
Prevention and control programs are placing increasing emphasis on the
complexity of health-related issues with the resultant focus on interdisciplinary
approaches. The Awareness, Surveillance, Advocacy and Prevention (A.S.A.P)
program is one such initiative [155, 156], drawing on different disciplines to
plan a multi-pronged tactic to attack RHD on all fronts, incorporating public
health principles while advocating, backed by robust data, for communityappropriate interventions. Launched in 2006, it targets efforts to raise Awareness,
establish Surveillance systems, Advocate for increased resources for treatment,
and to promote Prevention strategies, using a community-based, bottoms-up
approach and is an example of programs initiated from, run by and organized
by countries most affected by the disease.

Economic aspects of RHD prevention and control
Economic impact of RHD
A recent systematic review summarized the handful of studies on the health
system costs of RHD. These ranged from US$ 2 per patient screened by echocardiography in Fiji to US$ 2900 per hospital admission for ARF and US$
10,900 per valve surgery in South Africa. Similarly, the average yearly cost per
patient with RHD in Brazil was about US$ 1500. The larger societal costs of
RHD are less well characterized, though indirect costs—resulting from school
and work absenteeism—occur routinely [157]. Further, there is some evidence
that the economic consequences of premature death are enormous, since the
majority of RHD deaths occur among children and working-age adults [158].

Cost-effectiveness of primary and secondary prevention
In contrast to high-income countries, where throat cultures and rapid antigen
tests for GAS are widely used, a clinical decision rule threshold was found to be
the most cost-effective approach to pharyngitis in South Africa [159]. These
results need to be replicated in low-income countries, however, since GAS
epidemiology and healthcare costs are very different in those settings.
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The cost-effectiveness of passive case finding was demonstrated in a multicountry, quasi-experimental study conducted by the WHO in the late 1970s
[160]. Since the advent of active echocardiography-based case finding, one
analysis has suggested that this approach could be more cost-effective than
passive case finding [161]. Still, more data on long-term outcomes following
echocardiography screening are needed before the active approach can be
recommended to policymakers.

Integrated health policy and initiatives
In 2015, the Social Cluster of the AU Commission hosted a consultation with
RHD experts to develop a roadmap to eliminate ARF and eradicate RHD in
Africa. Seven key actions are recommended for Health Ministers in the Addis
Ababa Communiqué on ARF and RHD; Heads of State of member countries
adopted this communiqué in June 2015 [4].
Two action points are specific to RHD; prospective RHD registers at
sentinel sites and consistent availability of high-quality benzathine penicillin especially as there is concern regarding the shortage of penicillin
in several countries. Other action points speak strongly for integration
with further role players in primary health care and maternal and child
health to improve access to reproductive health services for women with
RHD who are at particular risk during the peri-partum period [162].
Failures in RHD control are often consequent to fragile health systems
therefore RHD control activities should strengthen the broader
healthcare system. The decentralization of technical expertise and point
of care technologies to the primary and district levels will improve the
recognition, diagnosis, secondary prevention, and treatment of RHD.
Centers of excellence for cardiac surgery will deliver surgery for RHD
with obvious benefit for the treatment of other heart diseases. It was
recognized that for success we must look beyond the health sector to
other custodians of the social determinants of disease. Therefore, the call
for multi-sectoral integrated national RHD control programs led by the
Ministry of Health but in partnership with other Ministries (such as
youth, gender education, housing), academia, civil society and importantly people living with and affected by RHD.
These action points are developed for Africa but are relevant to all nations
with a heavy burden of RHD where the control of this preventable disease
presents a challenge to public policy. However, the eradication of RHD also
requires global leadership and institutional support. There is now a call for a
binding WHO resolution on global RHD control measures in 2017. An old
African proverb is prescient: “If you want to walk fast, walk alone, if you want to
walk far, walk together”.

Summary and conclusions
ARF and RHD are clear indicators of fragile health structures and public health
inadequacies. However, there are strong displays of initiatives that are
harnessing multi-sectorial synergies to combat this disease, armed with the new
global burden of disease data and revised criteria to diagnose ARF and subclinical RHD. We need to use these data for targeted interventions;
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identification of at-risk individuals and comprehensive prevention and control
programs which contribute to resilient and effective health systems.

Acknowledgments
The authors would like to acknowledge and thank Rebecca Seth for supplying Fig. 1.

Contributions
Introduction (LZ) Epidemiology (JK, JC) Pathophysiology (PRS, LZ) GAS (ME, LZ) ARF (AB) RHD (AS, GK,
NN, PZ, LZ) Prevention (LZ) Programs (AR, ME, LZ) Research collaborations (LZ) Economic evaluations (DW)
Integrated Policy (CHH, LZ) Conclusions (LZ)

Compliance with Ethical Standards
Conflict of Interest
Liesl J. Zühlke is funded through the Hamilton-Naki Netcare Physicians Trust.
Liesl J. Zühlke, Jonathan Carapetis, and David Watkins are funded by Medtronic Foundation to support the work of
RhEACH and RHDAction.
Andrea Beaton is supported in RHD research through a mentored early career award from the American Heart
Association and a grant from the Verizon Foundation, The Namibian national registry for Rheumatic Fever and
Rheumatic Heart Disease is supported by the Harold and Ethyl Pupkewitz Heart Foundation.
Ntobeko Ntusi gratefully acknowledges funding support from the National Research Foundation and Medical
Research Council of South Africa.
Anna P. Ralph is supported by an Australian National Health and Medical Research Council Fellowship 1084656.
Judith M. Katzenellenbogen is funded by the National Heart Foundation of Australia through the Future Leader
Fellowship scheme.
David Watkins is funded by the Disease Control Priorities Network Grant from the Bill and Melinda Gates
Foundation to the University of Washington.
Jonathan Carapetis receives funding from the Australian National Health and Medical Research Council to support
RHD research, Novartis Institutes for Biomedical Research to support penicillin research.
Mark E. Engel, Christopher T. Hugo-Hamman, Ganesan Karthikeyan, Anita Saxena, Pierre R. Smeesters, and Peter
Zilla each declare no potential conflicts of interest.
Human and Animal Rights and Informed Consent
This article does not contain any studies with human or animal subjects performed by any of the authors.

Open Access
This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided you give
appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

15 Page 18 of 23

Curr Treat Options Cardio Med (2017) 19: 15

References and Recommended Reading
1.
2.

3.

4.
5.

6.
7.

8.

9.

10.

11.

12.

13.
14.
15.
16.

Watkins DA, Zuhlke LJ, Engel ME, Mayosi BM. Rheumatic fever: neglected again. Science. 2009;324:37.
Remenyi B, Carapetis J, Wyber R, Taubert K, Mayosi
BM. Position statement of the World Heart Federation
on the prevention and control of rheumatic heart disease. Nat Rev Cardiol. 2013;10:284–92.
Smith Jr SC, Collins A, Ferrari R, et al. Our time: a call to
save preventable death from cardiovascular disease
(heart disease and stroke). Circulation.
2012;126:2769–75.
Watkins D, Zuhlke L, Engel M, et al. Seven key actions
to eradicate rheumatic heart disease in Africa: the Addis
Ababa communique. Cardiovasc J Afr. 2016;27:1–5.
Ellis NM, Li Y, Hildebrand W, Fischetti VA, Cunningham MW. T cell mimicry and epitope specificity of
cross-reactive T cell clones from rheumatic heart disease. J Immunol. 2005;175:5448–56.
Ellis NM, Kurahara DK, Vohra H, et al. Priming the
immune system for heart disease: a perspective on
group A streptococci. J Infect Dis. 2010;202:1059–67.
Fae KC, da Silva DD, Oshiro SE, et al. Mimicry in
recognition of cardiac myosin peptides by heartintralesional T cell clones from rheumatic heart disease.
J Immunol. 2006;176:5662–70.
Guilherme L, Cunha-Neto E, Coelho V, et al. Human
heart-infiltrating T-cell clones from rheumatic heart
disease patients recognize both streptococcal and cardiac proteins. Circulation. 1995;92:415–20.
Tandon R, Sharma M, Chandrashekhar Y, Kotb M,
Yacoub MH, Narula J. Revisiting the pathogenesis of
rheumatic fever and carditis. Nat Rev Cardiol.
2013;10:171–7.
Galvin JE, Hemric ME, Ward K, Cunningham MW.
Cytotoxic mAb from rheumatic carditis recognizes
heart valves and laminin. J Clin Invest. 2000;106:217–
24.
Williamson DA, Smeesters PR, Steer AC, et al. Mprotein analysis of streptococcus pyogenes isolates associated with acute rheumatic fever in New Zealand. J
Clin Microbiol. 2015;53:3618–20.
Fraser WJ, Haffejee Z, Cooper K. Rheumatic aschoff
nodules revisited—an immunohistological reappraisal
of the cellular-component. Histopathology.
1995;27:457–61.
Scalzi V, Hadi HA, Alessandri C, et al. Anti-endothelial
cell antibodies in rheumatic heart disease. Clin Exp
Immunol. 2010;161:570–5.
Butcher JT, Simmons CA, Warnock JN.
Mechanobiology of the aortic heart valve. J Heart Valve
Dis. 2008;17:62–73.
Cunningham MW. Rheumatic fever revisited. Nat Rev
Cardiol. 2014;11:123.
Romani L, Steer AC, Whitfeld MJ, Kaldor JM. Prevalence of scabies and impetigo worldwide: a systematic
review. Lancet Infect Dis. 2015;15:960–7.

17.
18.
19.
20.

21.

22.

23.

24.

25.

26.
27.

28.
29.

30.

Carapetis JR, Steer AC, Mulholland EK, Weber M. The
global burden of group A streptococcal diseases. Lancet
Infect Dis. 2005;5:685–94.
Bryant PA, Robins-Browne R, Carapetis JR, Curtis N.
Some of the people, some of the time: susceptibility to
acute rheumatic fever. Circulation. 2009;119:742–53.
Carapetis JR, Currie BJ. Group A streptococcus, pyoderma, and rheumatic fever. Lancet. 1996;347:1271–2.
Carapetis J, Gardiner D, Currie B, Mathews JD. Multiple strains of Streptococcus pyogenes in skin sores of
aboriginal Australians. J Clin Microbiol.
1995;33:1471–2.
Boukadida J, Hannechi N, Boukadida N, Ben Said H,
Elmherbech H, Errai S. Beta-haemolytic streptococci in
acute pharyngitis. East Mediterr Health J. 2003;9:172–
7.
Benouda A, Sibile S, Ziane Y, Elouennass M, Dahani K,
Hassani A. Place of Streptococcus pyogenes in the
throat infection in Morocco and overview of its susceptibility to antibiotics. Pathol Biol (Paris).
2009;57:76–80.
Beall B, Facklam RR, Elliott JA, et al. Streptococcal emm
types associated with T-agglutination types and the use
of conserved emm gene restriction fragment patterns
for subtyping group A streptococci. J Med Microbiol.
1998;47:893–8.
McMillan DJ, Dreze PA, Vu T, et al. Updated model of
group A Streptococcus M proteins based on a comprehensive worldwide study. Clin Microbiol Infect Off Publ
Eur Soc Clin Microbiol Infect Dis. 2013;19:E222–9.
Sanderson-Smith M, De Oliveira DM, Guglielmini J,
et al. A systematic and functional classification of
Streptococcus pyogenes that serves as a new tool for
molecular typing and vaccine development. J Infect
Dis. 2014;210:1325–38.
Steer AC, Jenney AW, Kado J, et al. Prospective surveillance of streptococcal sore throat in a tropical country.
Pediatr Infect Dis J. 2009;28:477–82.
Engel ME, Muhamed B, Whitelaw AC, Musvosvi M,
Mayosi BM, Dale JB. Group A streptococcal emm type
prevalence among symptomatic children in
Cape Town and potential vaccine coverage. Pediatr
infect Dis J. 2013.
Carapetis JR, McDonald M, Wilson NJ. Acute rheumatic fever. Lancet. 2005;366:155–68.
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.
Rothenbühler M, O’Sullivan CJ, Stortecky S, et al. Active surveillance for rheumatic heart disease in endemic
regions: a systematic review and meta-analysis of
prevalence among children and adolescents. Lancet
Glob Health. 2014;2:717–26.

Curr Treat Options Cardio Med (2017) 19: 15
31.
32.

33.
34.

35.

36.

37.

38.

39.

40.

41.
42.

43.

44.
45.

Nana M, Stergiopoulos K. Pregnancy complicated by
valvular heart disease: an update. J Am Heart Assoc.
2014;3:e000712. doi:10.1161/JAHA.113.000712.
Otto H, Saether SG, Banteyrga L, Haugen BO, Skjaerpe
T. High prevalence of subclinical rheumatic heart disease in pregnant women in a developing country: an
echocardiographic study. Echocardiography.
2011;28:1049–53.
Yacoub Wasef SZ. Gender differences in systemic lupus
erythematosus. Gend Med. 2004;1:12–7.
Murray CJ, Vos T, Lozano R, et al. Disability-adjusted
life years (DALYs) for 291 diseases and injuries in 21
regions, 1990–2010: a systematic analysis for the
Global Burden of Disease Study 2010. Lancet (Lond
Engl. 2012;380:2197–223.
GBD 2013 Mortality and Causes of Death Collaborators. Global, regional, and national age-sex specific allcause and cause-specific mortality for 240 causes of
death, 1990–2013: a systematic analysis for the Global
Burden of Disease Study 2013. Lancet. 2015;385:117–
71.
Global Burden of Disease Study 2013 Collaborators.
Global, regional and national incidence, prevalence,
and years lived with disability for 301 acute and
chronic diseases and injuries in 188 countries, 1990–
2013: a systematic analysis for the Global Burden of
Disease Study 2013. Lancet. 2015;386:743–800.
Carapetis JR, Zuhlke L, Taubert K, Narula J. Continued
challenge of rheumatic heart disease: the gap of understanding or the gap of implementation? Glob
Heart. 2013;8:185–6.
Zuhlke LJ, Engel ME, Watkins D, Mayosi BM. Incidence, prevalence and outcome of rheumatic heart
disease in South Africa: a systematic review of contemporary studies. Int J Cardiol. 2015;199:375–83.
Beaton A, Okello E, Lwabi P, Mondo C, McCarter R,
Sable C. Echocardiography screening for rheumatic
heart disease in Ugandan schoolchildren. Circulation.
2012;125:3127–32.
Carapetis JR, Hardy M, Fakakovikaetau T, et al. Evaluation of a screening protocol using auscultation and
portable echocardiography to detect asymptomatic
rheumatic heart disease in Tongan schoolchildren. Nat
Clin Pract Cardiovasc Med. 2008;5:411–7.
Viali S. Rheumatic fever and rheumatic heart disease in
Samoa. Pac Health Dialog. 2006;13:31–8.
Steer AC, Kado J, Wilson N, et al. High prevalence of
rheumatic heart disease by clinical and echocardiographic screening among children in Fiji. J Heart Valve
Dis. 2009;18:327–35. discussion 336.
Ledos PH, Kamblock J, Bourgoin P, Eono P, Carapetis
JR. Prevalence of rheumatic heart disease in young
adults from New Caledonia. Arch Cardiovasc Dis.
2015;108:16–22.
Bocchi EA. Heart failure in South America. Curr
Cardiol Rev. 2013;9:147–56.
Elamrousy DA, Al-Asy H, Mawlana W. Acute rheumatic
fever in Egyptian children: a 30-year experience in a
tertiary hospital. J Pediatric Sci. 2014;6:e220.

Page 19 of 23 15
46.

47.
48.

49.
50.
51.

52.

53.

54.

55.

56.
57.

58.
59.

60.
61.

Ba-Saddik IA, Munibari AA, Al-Naqeeb MS, et al. Prevalence of rheumatic heart disease among schoolchildren in Aden, Yemen. Ann Trop Paediatr.
2011;31:37–46.
Carapetis JR. Rheumatic heart disease in Asia. Circulation. 2008;118:2748–53.
Steer AC, Carapetis JR. Acute rheumatic fever and
rheumatic heart disease in indigenous populations.
Pediatr Clin N Am. 2009;56:1401–19.
White H, Walsh W, Brown A, et al. Rheumatic heart
disease in indigenous populations. Heart Lung Circ.
2010;19:273–81.
Wilson N. Rheumatic heart disease in indigenous
populations—New Zealand experience. Heart Lung
Circ. 2010;19:282–8.
Erdem G, Mizumoto C, Easki D, et al. Group A streptococcal isolates temporally associated with acute
rheumatic fever in Hawaii: differences from the continental United States. Clin Infect Dis 2007;45. doi:10.
1086/519384.
Beaudoin A, Edison L, EIntracaso C, et al. Acute rheumatic fever and rheumatic heart disease among
children—American Samoa, 2011–2012. Morb Mortal
Wkly Rep. 2015;64:555–8.
DiGiorgi P, Baumann F, O’Lery A, et al. Differences in
mitral valve disease presentation and surgical treatment outcome between Hispanic and non-Hispanic
patients. Ethn Dis. 2008;18:306–10.
Gordon J, Kirlew M, Schreiber Y, et al. Acute
rheumatic fever in First Nations communities in
northwestern Ontario: social determinants of
health “bite the heart”. Can Fam Physician.
2015;61:881–6.
Katzenellenbogen JM, Knuiman MW, Sanfilippo FM,
Hobbs MST, Thompson SC. Prevalence of stroke and
coexistent conditions: disparities between Indigenous
and non-Indigenous Western Australians. Int J Stroke.
2014;9:61–8.
Veasy LG. Myocardial dysfunction in active rheumatic
carditis. J Am Coll Cardiol. 1994;24:581–2.
Caldas AM, Terreri MT, Moises VA, et al. What is
the true frequency of carditis in acute rheumatic
fever? A prospective clinical and Doppler blind
study of 56 children with up to 60 months of
follow-up evaluation. Pediatr Cardiol.
2008;29:1048–53.
Bhardwaj R, Sood A. Clinical profile of acute rheumatic
fever patients in a tertiary care institute in present era. J
Assoc Physicians India. 2015;63:22–4.
Grassi A, Fesslova V, Carnelli V, et al. Clinical characteristics and cardiac outcome of acute rheumatic fever
in Italy in the last 15 years. Clin Exp Rheumatol.
2009;27:366–72.
Seckeler MD, Hoke TR. The worldwide epidemiology
of acute rheumatic fever and rheumatic heart disease.
Clin Epidemiol. 2011;3:67–84.
Noonan S, Zurynski YA, Currie BJ, et al. A national
prospective surveillance study of acute rheumatic fever

15 Page 20 of 23

62.

63.
64.
65.
66.
67.

68.

69.
70.

71.

72.

73.

74.
75.
76.

in Australian children. Pediatr Infect Dis J.
2013;32:e26–32.
Gewitz MH, Baltimore RS, Tani LY, 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;131:1806–18.
Edwards WD, Peterson K, Edwards JE. Active valvulitis
associated with chronic rheumatic valvular disease and
active myocarditis. Circulation. 1978;57:181–5.
Tubridy-Clark M, Carapetis JR. Subclinical carditis in
rheumatic fever: a systematic review. Int J Cardiol.
2007;119:54–8.
Remenyi B, ElGuindy A, Smith Jr SC, Yacoub M,
Holmes Jr DR. Valvular aspects of rheumatic heart
disease. Lancet. 2016;387:1335–46.
Carapetis JR, Currie BJ. Rheumatic fever in a high incidence population: the importance of monoarthritis
and low grade fever. Arch Dis Child. 2001;85:223–7.
Sanyal SK, Thapar MK, Ahmed SH, Hooja V, Tewari P.
The initial attack of acute rheumatic fever during
childhood in North India; a prospective study of the
clinical profile. Circulation. 1974;49:7–12.
Parks T, Kado J, Colquhoun S, Carapetis J, Steer A.
Underdiagnosis of acute rheumatic fever in primary
care settings in a developing country. Trop Med Int
Health. 2009;14:1407–13.
Sacks L, Feinstein AR, Taranta A. A controlled psychologic study of Sydenham’s chorea. J Pediatr.
1962;61:714–22.
Gregorowski C, Lochner C, Martin L, et al. Neuropsychological manifestations in children with Sydenham’s
chorea after adjunct intravenous immunoglobulin and
standard treatment. Metab Brain Dis. 2016;31:205–12.
Walker KG, Wilmshurst JM. An update on the treatment of Sydenham’s chorea: the evidence for
established and evolving interventions. Ther Adv
Neurol Disord. 2010;3:301–9.
Roberts K, Maguire G, Brown A et al. Prevalenece of
rheumatic heart disease in high-risk children in northern Australia: Application of the 2012 World Heart
Federation criteria: abstract no 815. SA Heart
2013;10:270.
Hashkes PJ, Tauber T, Somekh E, et al. Naproxen as an
alternative to aspirin for the treatment of arthritis of
rheumatic fever: a randomized trial. J Pediatr.
2003;143:399–401.
Taran LM. Treatment of acute rheumatic fever and acute
rheumatic heart disease. Am J Med. 1947;2:285–95.
al Kasab S, al Fagih MR, Shahid M, Habbab M, al Zaibag
M. Valve surgery in acute rheumatic heart disease. Oneto four-year follow-up. Chest. 1988;94:830–3.
Gerber MA, Baltimore RS, Eaton CB, et al. Prevention
of rheumatic fever and diagnosis and treatment of
acute Streptococcal pharyngitis: a scientific statement
from the American Heart Association Rheumatic Fever,
Endocarditis, and Kawasaki Disease Committee of the
Council on Cardiovascular Disease in the Young, the
Interdisciplinary Council on Functional Genomics and

Curr Treat Options Cardio Med (2017) 19: 15

77.

78.

79.
80.

81.

82.

83.
84.

85.
86.
87.

88.

89.
90.

Translational Biology, and the Interdisciplinary Council on Quality of Care and Outcomes Research: endorsed by the American Academy of Pediatrics. Circulation. 2009;119:1541–51.
Walker K, Brink A, Lawrenson J, Mathiassen W,
Wilmshurst JM. Treatment of sydenham chorea with
intravenous immunoglobulin. J Child Neurol.
2012;27:147–55.
Walker KG, de Vries PJ, Stein DJ, Wilmshurst JM.
Sydenham Chorea and PANDAS in South Africa: review of evidence and recommendations for management in resource-poor countries. J Child Neurol.
2015;30:850–9.
Gurkas E, Karalok ZS, Taskin BD et al. Predictors of
recurrence in Sydenham’s chorea: clinical observation
from a single center. Brain Dev. 2016.
Baumgartner H, Hung J, Bermejo J, et al. Echocardiographic assessment of valve stenosis: EAE/ASE recommendations for clinical practice. Eur J Echocardiogr.
2009;10:1–25.
Lancellotti P, Moura L, Pierard LA, et al. European
Association of Echocardiography recommendations
for the assessment of valvular regurgitation. Part 2:
mitral and tricuspid regurgitation (native valve disease). Eur J Echocardiogr. 2010;11:307–32.
de Agustin JA, Mejia H, Viliani D, et al. Proximal flow
convergence method by three-dimensional color
Doppler echocardiography for mitral valve area assessment in rheumatic mitral stenosis. J Am Soc
Echocardiogr. 2014;27:838–45.
Apor AN, Nagy A, Merkely B. The role and potential of
3D echocardiography in the assessment of mitral regurgitation. Eur Cardiol. 2012;8:165–70.
Chikwe J, Adams DH, Su KN, et al. Can threedimensional echocardiography accurately predict
complexity of mitral valve repair? Eur J Cardiothorac
Surg. 2012;41:518–24.
Marijon E, Jouven X. Early detection of rheumatic heart
disease and prevention of heart failure in sub-SaharanAfrica. J Am Coll Cardiol. 2008;51:1125–6.
Anabwani GM, Bonhoeffer P. Prevalence of heart disease in school children in rural Kenya using colourflow echocardiography. East Afr Med J. 1996;73:215–7.
Zuhlke LJ, Engel ME, Nkepu S, Mayosi BM. Evaluation
of a focussed protocol for hand-held echocardiography
and computer-assisted auscultation in detecting latent
rheumatic heart disease in scholars. Cardiol Young.
2015:1–10.
Saxena A. Rheumatic heart disease screening by
“point-of-care” echocardiography: an acceptable alternative in resource limited settings? Transl Pediatr.
2015;4:210–3.
Seraphim A, Paschou SA, Grapsa J, Nihoyannopoulos
P. Pocket-sized echocardiography devices: one stop
shop service? J Cardiovasc Ultrasound. 2016;24:1–6.
Narang R, Chadha DS, Goel K, et al. Screening coronary
angiography prior to surgery in rheumatic valvular
heart disease: a study of 2,188 patients. J Heart Valve
Dis. 2009;18:455–60.

Curr Treat Options Cardio Med (2017) 19: 15
91.

92.

93.

94.

95.
96.
97.
98.

99.

100.

101.

102.
103.
104.

105.

Zuhlke L, Engel ME, Karthikeyan G et al. Characteristics, complications, and gaps in evidence-based interventions in rheumatic heart disease: the Global Rheumatic Heart Disease Registry (the REMEDY study). Eur
Heart J. 2015;36:1115-22a.
Baumgartner H, Hung J, Bermejo J, et al. Echocardiographic assessment of valve stenosis: EAE/ASE recommendations for clinical practice. Eur J Echocardiogr J
Work Group Echocardiogr Eur Soc Cardiol.
2009;10:1–25.
Choi EY, Yoon SJ, Lim SH, et al. Detection of myocardial involvement of rheumatic heart disease with
contrast-enhanced magnetic resonance imaging. Int J
Cardiol. 2006;113:e36–8.
Shriki J, Talkin B, Thomas IC, Farvid A, Colletti PM.
Delayed gadolinium enhancement in the atrial wall: a
novel finding in 3 patients with rheumatic heart disease. Tex Heart Inst J. 2011;38:56–60.
Cawley PJ, Maki JH, Otto CM. Cardiovascular magnetic
resonance imaging for valvular heart disease: technique
and validation. Circulation. 2009;119:468–78.
Karamitsos TD, Myerson SG. The role of cardiovascular
magnetic resonance in the evaluation of valve disease.
Prog Cardiovasc Dis. 2011;54:276–86.
Lopez-Mattei JC, Shah DJ. The role of cardiac magnetic
resonance in valvular heart disease. Methodist
DeBakey Cardiovasc J. 2013;9:142–8.
Wilkins GT, Weyman AE, Abascal VM, Block PC,
Palacios IF. Percutaneous balloon dilatation of the
mitral valve: an analysis of echocardiographic variables
related to outcome and the mechanism of dilatation.
Br Heart J. 1988;60:299–308.
Reyes VP, Raju BS, Wynne J, et al. Percutaneous balloon
valvuloplasty compared with open surgical
commissurotomy for mitral stenosis. N Engl J Med.
1994;331:961–7.
Ben Farhat M, Ayari M, Maatouk F, et al. Percutaneous
balloon versus surgical closed and open mitral
commissurotomy: seven-year follow-up results of a
randomized trial. Circulation. 1998;97:245–50.
Rifaie O, El-Itriby A, Zaki T, Abdeldayem TM,
Nammas W. Immediate and long-term outcome of
multiple percutaneous interventions in patients with
rheumatic valvular stenosis. EuroIntervention J
EuroPCR Collab Work Group Interv Cardiol Eur Soc
Cardiol. 2010;6:227–32.
Yankah C, Fynn-Thompson F, Antunes M, et al. Cardiac surgery capacity in sub-saharan Africa: quo vadis?
Thorac Cardiovasc Surg. 2014;62:393–401.
Zühlke LJ, Karthikeyan G. Primary prevention for
rheumatic fever. Glob Heart. 2013;8:221–6.
Bitar FF, Hayek P, Obeid M, Gharzeddine W, Mikati
M, Dbaibo GS. Rheumatic fever in children: a 15-year
experience in a developing country. Pediatr Cardiol.
2000;21:119–22.
Essop MR, Nkomo VT. Rheumatic and nonrheumatic
valvular heart disease: epidemiology, management,
and prevention in Africa. Circulation.
2005;112:3584–91.

Page 21 of 23 15
106.
107.

108.

109.

110.

111.

112.

113.

114.
115.
116.

117.
118.
119.
120.
121.
122.

Antunes MJ, Kinsley RH. Mitral valve annuloplasty:
results in an underdeveloped population. Thorax.
1983;38:730–6.
Tadele H, Mekonnen W, Tefera E. Rheumatic mitral
stenosis in children: more accelerated course in subSaharan patients. BMC Cardiovasc Disord.
2013;13:95.
Remenyi B, Webb R, Gentles T, et al. Improved longterm survival for rheumatic mitral valve repair compared to replacement in the young. World J Pediatr
Congenit Heart Surg. 2013;4:155–64.
Tomai F, Gaspardone A, Versaci F, et al. Twenty year
follow-up after successful percutaneous balloon mitral valvuloplasty in a large contemporary series of
patients with mitral stenosis. Int J Cardiol.
2014;177:881–5.
Geldenhuys A, Koshy JJ, Human PA, Mtwale JF, Brink
JG, Zilla P. Rheumatic mitral repair versus replacement in a threshold country: the impact of commissural fusion. J Heart Valve Dis. 2012;21:424–32.
Antunes MJ, Wessels A, Sadowski RG, et al. Medtronic
Hall valve replacement in a third-world population
group. A review of the performance of 1000 prostheses. J Thorac Cardiovasc Surg. 1988;95:980–93.
Bakir I, Onan B, Onan IS, Gul M, Uslu N. Is rheumatic
mitral valve repair still a feasible alternative?: indications, technique, and results. Tex Heart Inst J.
2013;40:163–9.
Marcus RH, Sareli P, Pocock WA, Barlow JB. The
spectrum of severe rheumatic mitral valve disease in a
developing country. Correlations among clinical presentation, surgical pathologic findings, and hemodynamic sequelae. Ann Intern Med. 1994;120:177–83.
Waikittipong S. Mitral valve repair for rheumatic mitral regurgitation: mid-term results. Asian Cardiovasc
Thorac Ann. 2015;23:658–64.
Antunes MJ. Bioprosthetic valve replacement in
children—long-term follow-up of 135 isolated mitral
valve implantations. Eur Heart J. 1984;5:913–8.
Katircioglu SF, Ulus AT, Yamak B, Ozsoyler I,
Birincioglu L, Tasdemir O. Acute mechanical valve
thrombosis of the St. Jude medical prosthesis. J Card
Surg. 1999;14:164–8.
Zilla P, Brink J, Human P, Bezuidenhout D. Prosthetic
heart valves: catering for the few. Biomaterials.
2008;29:385–406.
Sliwa K, Zilla P. Rheumatic heart disease: the tip of the
iceberg. Circulation. 2012;125:3060–2.
Sliwa K, Johnson MR, Zilla P, Roos-Hesselink JW.
Management of valvular disease in pregnancy: a
global perspective. Eur Heart J. 2015;36:1078–89.
Marijon E, Mirabel M, Celermajer DS, Jouven X.
Rheumatic heart disease. Lancet. 2012;379:953–64.
Saxena A, Zühlke L, Wilson N. Echocardiographic
screening for rheumatic heart disease: issues for the
cardiology community. Glob Heart. 2013;8:197–202.
Paar JA, Berrios NM, Rose JD, et al. Prevalence of
rheumatic heart disease in children and young adults
in Nicaragua. Am J Cardiol. 2010;105:1809–14.

15 Page 22 of 23
123.
124.

125.

126.

127.
128.

129.

130.

131.

132.

133.

134.

135.

136.

Webb R, Wilson NJ, Lennon D. Rheumatic heart disease detected by echocardiographic screening. N Engl
J Med. 2007;357:2088. author reply 2088–9.
Carapetis JR, Hardy M, Fakakovikaetau T, et al. Evaluation of a screening protocol using auscultation and
portable echocardiography to detect asymptomatic
rheumatic heart disease in Tongan schoolchildren.
Nat Clin Pract Cardiovasc Med. 2008;5:411–7.
Beaton A, Okello E, Lwabi P, Mondo C, McCarter R,
Sable C. Echocardiography screening for rheumatic
heart disease in Ugandan schoolchildren. Circulation.
2012;125:3127–32.
Engel ME, Haileamlak A, Zuhlke L, et al. Prevalence of
rheumatic heart disease in 4720 asymptomatic
scholars from South Africa and Ethiopia. Heart.
2015;101:1389–94.
Zühlke LJ, Mayosi BM. The challenge of screening for
asymptomatic rheumatic heart disease in South Africa. SA Heart. 2009;6:100–3.
Marijon E, Celermajer DS, Tafflet M, et al. Rheumatic
heart disease screening by echocardiography: the inadequacy of World Health Organization criteria for
optimizing the diagnosis of subclinical disease. Circulation. 2009;120:663–8.
Remenyi B, Wilson N, Steer A, et al. World Heart
Federation criteria for echocardiographic diagnosis of
rheumatic heart disease—an evidence-based guideline. Nat Rev Cardiol. 2012;9:297–309.
Roberts K, Colquhoun S, Steer A, Remenyi B,
Carapetis J. Screening for rheumatic heart disease:
current approaches and controversies. Nat Rev
Cardiol. 2013;10:49–58.
Zuhlke L, Engel ME, Lemmer CE, et al. The natural
history of latent rheumatic heart disease in a 5 year
follow-up study: a prospective observational study.
BMC Cardiovasc Disord. 2016;16:46.
Mirabel M, Fauchier T, Bacquelin R, et al. Echocardiography screening to detect rheumatic heart disease: a
cohort study of schoolchildren in French Pacific
Islands. Int J Cardiol. 2015;188:89–95.
Zühlke L, Mayosi BM. Echocardiographic screening
for subclinical rheumatic heart disease remains a research tool pending studies of impact on prognosis.
Curr Cardiol Rep. 2013;15:343.
Beaton A, Okello E, Aliku T, et al. Latent rheumatic heart disease: outcomes 2 years after
echocardiographic detection. Pediatr Cardiol.
2014;35:1259–67.
Zühlke L, Engel ME, Karthikeyan G et al. Characteristics, complications, and gaps in evidence-based interventions in rheumatic heart disease: the Global
Rheumatic Heart Disease Registry (the REMEDY
study). Eur Heart J. 2014.
Mayosi BM, Gamra H, Dangou JM, Kasonde J, nd AllAfrica Workshop on Rheumatic F, Rheumatic Heart
Disease p. Rheumatic heart disease in Africa: the
Mosi-o-Tunya call to action. Lancet Glob health.
2014;2:e438–9.

Curr Treat Options Cardio Med (2017) 19: 15
137.
138.

139.
140.

141.
142.

143.

144.
145.

146.

147.
148.

149.

150.

de Vries J, Tindana P, Littler K, et al. The H3Africa
policy framework: negotiating fairness in genomics.
Trends Genet. 2015;31:117–9.
Engel ME, Stander R, Vogel J, Adeyemo AA, Mayosi
BM. Genetic susceptibility to acute rheumatic fever: a
systematic review and meta-analysis of twin studies.
PLoS ONE. 2011;6:e25326.
Mirabel M, Grimaldi A, Freers J, Jouven X, Marijon E.
Access to cardiac surgery in sub-Saharan Africa. Lancet. 2015;385:606.
Wyber R, Grainger Gasser A, Thompson D, Kennedy
D, Johnson T, Taubert K, Carapetis J. Tools for
implementing RHD control programmes (TIPS)
handbook. In: Heart W, RhEACH. Fa, editors. Perth,
Australia, 2014.
Wannamaker LW. The epidemiology of streptococcal
infections. New York: Columbia University Press;
1954.
McDonald MI, Towers RJ, Andrews RM, Benger N,
Currie BJ, Carapetis JR. Low rates of streptococcal
pharyngitis and high rates of pyoderma in Australian
aboriginal communities where acute rheumatic fever
is hyperendemic. Clin Infect Dis. 2006;43:683–9.
Steer AC, Carapetis JR, Nolan TM, Shann F. Systematic
review of rheumatic heart disease prevalence in children in developing countries: the role of environmental factors. J Paediatr Child Health. 2002;38:229–
34.
Kerdemelidis M, Lennon DR, Arroll B, Peat B, Jarman
J. The primary prevention of rheumatic fever. J
Paediatr Child Health. 2010;46:534–48.
Gray S, Lennon D, Anderson P, Stewart J, Farrell E.
Nurse-led school-based clinics for skin infections and
rheumatic fever prevention: results from a pilot study
in South Auckland. N Z Med J. 2013;126:53–61.
RHDAustralia (ARF/RHD writing group). The Australian guideline for prevention, diagnosis and management of acute rheumatic fever and rheumatic heart
disease (2nd edition). National Heart Foundation of
Australia and the Cardiac Society of Australia and
New Zealand. [http://www.rhdaustralia.org.au/sites/
default/files/guideline_0.pdf]. 2012.
Manyemba J, Mayosi BM. Penicillin for secondary
prevention of rheumatic fever. Cochrane Database
Syst Rev. 2002:CD002227.
Watkins DA, Mvundura M, Nordet P, Mayosi
BM. A cost-effectiveness analysis of a program to
control rheumatic fever and rheumatic heart
disease in Pinar del Rio, Cuba. PLoS ONE.
2015;10, e0121363.
Robertson KA, Volmink JA, Mayosi BM, st All Africa
Workshop R. Towards a uniform plan for the control
of rheumatic fever and rheumatic heart disease in
Africa - the Awareness Surveillance Advocacy Prevention (ASAP) Programme. Samj S Afr Med J.
2006;96:241–5.
Kumar R, Raizada A, Aggarwal AK, Ganguly NK. A
community-based rheumatic fever/rheumatic heart

Curr Treat Options Cardio Med (2017) 19: 15

151.
152.
153.
154.

155.

156.

157.

disease cohort: twelve-year experience. Indian Heart J.
2002;54:54–8.
World Health Organisation. Rheumatic fever and
rheumatic heart disease: report of a WHO expert
consultation. Geneva: WHO; 2004.
Thornley C, McNicholas A, Baker M, Lennon D.
Rheumatic fever registers in New Zealand. N Z Pub
Health Rep. 2001;8:41–4.
Kelly A. Top end rheumatic heart disease program: a
report to the commonwealth, February - November
2002. NT Dis Control Bull. 2003;10:9–11.
Carapetis JR, Wolff DR, Currie BJ. Acute rheumatic
fever and rheumatic heart disease in the top end of
Australia’s Northern territory. Med J Aust.
1996;164:146–9.
Engel ME, Zühlke LJ, Robertson KA. ASAP programme: rheumatic fever and rheumatic heart disease: where are we now in South Africa? SA Heart.
2009;6:270–3.
Mayosi B, Robertson K, Volmink J, et al. The Drakensberg declaration on the control of rheumatic fever and rheumatic heart disease in Africa. S Afr Med J.
2006;96:246.
Terreri MT, Ferraz MB, Goldenberg J, Len C, Hilario
MOE. Resource utilization and cost of rheumatic fever. J Rheumatol. 2001;28:1394–7.

Page 23 of 23 15
158.
159.

160.

161.

162.

163.

Watkins D, Daskalakis A. The economic impact of
rheumatic heart disease in developing countries.
Lancet Glob Health. 2015;3:S37.
Irlam J, Mayosi BM, Engel M, Gaziano TA. Primary
prevention of acute rheumatic fever and rheumatic
heart disease with penicillin in South African children
with pharyngitis: a cost-effectiveness analysis. Circ
Cardiovasc Qual Outcomes. 2013;6:343–51.
Strasser T, Dondog N, Kholy AE, et al. The community
control of rheumatic-fever and rheumatic heartdisease—report of a who international cooperative
project. Bull World Health Organ. 1981;59:285–94.
Zachariah JP, Samnaliev M. Echo-based screening of
rheumatic heart disease in children: a costeffectiveness Markov model. J Med Econ.
2015;18:410–9.
Diao M, Kane A, Doumbia AS, et al. Active rheumatic
heart disease: findings from an 17-case series in the
University Hospital Center of Dakar, Senega.
Medecine tropicale : revue du Corps de sante colonial.
2005;65:339–42.
RHDAustralia (ARF/RHD writing group) National
Heart Foundation of Australia and the Cardiac Society
of Australia and New Zealand. The Australian guideline for prevention, diagnosis and management of
acute rheumatic fever and rheumatic heart disease.
2nd ed. 2012.

