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Introduction
Acute rheumatic fever (ARF) results from the body’s autoimmune response to a throat infection caused by 
Streptococcus pyogenes, also known as the group A Streptococcus bacteria. Rheumatic heart disease (RHD) 
refers to the long-term cardiac damage caused by either a single severe episode or multiple recurrent episodes of 
ARF. It is RHD that remains a significant worldwide cause of morbidity and mortality, particularly in resource-
poor settings. While ARF and RHD were once common across all populations, improved living conditions and 
widespread treatment of superficial S. pyogenes infections have caused these diseases to become comparatively 
rare in wealthy areas (Carapetis, 2007). Currently, these diseases mainly affect those in low- and middle-income 
nations, as well as in indigenous populations in wealthy nations where initial S. pyogenes infections may not be 
treated, which allows for the development of harmful post-infectious sequelae (Carapetis, 2007).

The development of ARF occurs approximately two weeks after S. pyogenes infection (Gewitz, et al., 2015). The 
clinical manifestations and symptoms of ARF can be severe and are described in the Revised Jones Criteria 
(Gewitz, et al., 2015). Symptoms of ARF can include polyarthritis, carditis, chorea, the appearance of 
subcutaneous nodules, and erythema marginatum or a rash associated with ARF (Gewitz, et al., 2015; Martin, et 
al., 2015). These symptoms usually require patients to be hospitalized for two to three weeks, during which time 
the outward symptoms resolve, but the resultant cardiac damage may persist. With repeated S. pyogenes 
pharyngitis infections, ARF can recur and cause cumulative damage to the heart valves (Martin, et al., 2015).

This chapter will briefly cover the epidemiology and pathophysiology of ARF and RHD, and will also outline the 
clinical manifestations, diagnostic considerations, and recommended treatment and management options for 
both conditions. Finally this chapter will also highlight prevention strategies for ARF and RHD and will discuss 
current vaccination efforts against S. pyogenes.
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Epidemiology of ARF and RHD

Burden of Disease
The global burden of ARF and RHD is significant, and is predominantly found in populations living in low-
resource settings (Carapetis, Steer, Mulholland, & Weber, 2005). Incidence rates of ARF are poorly documented 
in most low- and middle-income countries, including in populations with a high prevalence of RHD, where it is 
presumed that a high incidence of ARF also occurs. This relates both to the lack of infrastructure for disease 
surveillance in those settings, but also to a paucity of ARF cases that are presented for clinical care. It is not 
known if the latter issue is a result of health-seeking behavior (people with ARF who choose not to seek health 
care), or due to inadequate diagnosis of ARF by health staff. The latter may in turn be due to true misdiagnosis 
as a result of problems with training, a lack of access to diagnostic facilities (such as electrocardiography, 
streptococcal serology, acute phase reactant testing, and echocardiography); or possibly because many cases of 
ARF may be milder, or even sub-clinical, in highly endemic settings (Bishop, Currie, Carapetis, & Kilburn, 
1996).

ARF incidence rates have been reported to be as high as 155 per 100,000 children aged 5 to 14 years in 
indigenous populations in North Queensland, Australia (Gray, Brown, & Thomson, 2012) with rates in the 
Northern Territory reported at 380.1 per 100,000 children in 2002 (Parnaby & Carapetis, 2010). In New Zealand, 
ARF affects mainly children and teens aged 4–19 years who are predominantly of Māori and Pasifika descent 
and are living in low socioeconomic regions of the North Island (Jack, et al., 2015). Between 1993 and 2009, the 
average incidence rates for ARF based on hospitalization data for children 5–14 years were 81.2 per 100,000 for 
Pasifika children, as compared with 40.2 per 100,000 for Māori children and 2.1 per 100,000 for non-Māori, 
non-Pasifika children (Milne, Lennon, Stewart, Vander Hoorn, & Scuffham, 2012a).

Global disease estimates in 2005 reported 471,000 ARF cases annually, which largely occurred in children and 
teens aged 5–15 years, with the prevalence of RHD cases ranging between 15.6–19.6 million (Carapetis, Steer, 
Mulholland, & Weber, 2005). Approximately 350,000 deaths occurred each year due to either ARF or RHD 
(Carapetis, Steer, Mulholland, & Weber, 2005). The number of new cases of RHD diagnosed was estimated at 
282,000 per year, with approximately 233,000 deaths annually (Carapetis, Steer, Mulholland, & Weber, 2005). 
Global burden of disease estimates performed in 2010 calculated the number of individuals living with RHD was 
at least 34.2 million, with 10.1 million disability-adjusted life years lost (de Dassel, Ralph, & Carapetis, 2015). 
There are challenges in obtaining precise global figures concerning ARF and RHD, with one example being that 
the diagnosis of ARF remains difficult and problematic across many settings. Improved diagnostic tools and 
measures are vital, and such efforts would support enhanced global disease estimation efforts (Sheel, Moreland, 
Fraser, & Carapetis, 2016). It should also be noted that these figures concerning incidence and prevalence are 
likely to be underestimated, due to variable and insufficient data collection in resource-poor settings, where the 
rates of ARF and RHD are often highest (Zühlke, et al., 2014). More accurate estimates of RHD prevalence may 
result from the increased availability of echocardiography, which can detect cardiac damage that is due to RHD 
more accurately than auscultation (Roberts, et al., 2015).

Risk Factors
Risk factors for ARF and RHD include age, gender, and various environmental factors (Carapetis, et al., 2016). In 
terms of age, ARF largely affects children between the ages of 5 and 14 years, and initial cases of ARF can affect 
children even younger than this (Lawrence, Carapetis, Griffiths, Edwards, & Condon, 2013; Parnaby & 
Carapetis, 2010).. Recurrent episodes generally affect older children and can occur into young adulthood. 
Because RHD often results from cumulative damage, the peak prevalence of RHD occurs in an individual’s 
twenties and thirties, though the burden of RHD in children and adolescents remains substantial (Lawrence, 
Carapetis, Griffiths, Edwards, & Condon, 2013).
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While ARF is equally common in both males and females, RHD tends to be more common in females 
(Lawrence, Carapetis, Griffiths, Edwards, & Condon, 2013; Parnaby & Carapetis, 2010). It is unclear whether 
this difference in RHD prevalence is due to greater susceptibility to developing autoimmune responses following 
S. pyogenes infection, or whether social factors such as involvement in child-raising, which may cause increased 
susceptibility and likelihood of S. pyogenes infections, may combine with reduced access to primary and 
secondary prevention regimens (Carapetis, et al., 2016). Furthermore, RHD often becomes apparent during 
pregnancy, because of its associated higher cardiac burden (Carapetis, et al., 2016).

Environmental factors affect the prevalence of ARF by increasing exposure to S. pyogenes infections. A major 
environmental factor that increases the likelihood of ARF is household crowding, which facilitates the spread of 
S. pyogenes infections (Quinn, 1982). In addition, it has been shown that ARF and RHD are more prevalent in 
rural and remote areas as well as in urban slums, but this likely reflects other risk factors, such as greater 
household crowding due to low socioeconomic status or limited access to medical resources (Carapetis, et al., 
2016). There is also a potential link between insufficient nutrition in childhood and susceptibility to ARF, but it is 
unclear whether this occurs because insufficient nutrition can increase susceptibility to developing aggressive 
autoimmune responses to S. pyogenes infection, or whether poor nutrition is connected to household 
overcrowding and other factors associated with poverty that increase susceptibility to S. pyogenes infection 
(Steer, Carapetis, Nolan, & Shann, 2002).

Pathophysiology
The pathogenic mechanisms of ARF are not completely understood. Studies of the pathogenesis of ARF have 
been constrained by the lack of a highly suitable animal model, although a Lewis rat model of valvulitis and 
chorea has been used for some time (Quinn, Kosanke, Fischetti, Factor, & Cunningham, 2001; Brimberg, et al., 
2012). In order for ARF to occur, it appears that a pharyngeal infection caused by S. pyogenes must occur in a 
host with a genetic susceptibility to the disease (Denny, Wannamaker, Brink, Rammelkamp, & Custer, 1950; 
Bryant, Robins-Browne, Carapetis, & Curtis, 2009).

Activation of the innate immune system begins with a pharyngeal infection that leads to the presentation of S. 
pyogenes antigens to T and B cells. CD4+ T cells are activated and production of specific IgG and IgM antibody 
by B cells ensues (Cunningham, Pathogenesis of group A streptococcal infections, 2000). Tissue injury is 
mediated through an immune-mediated mechanism that is initiated via molecular mimicry (Guilherme, Kalil, & 
Cunningham, 2006). Structural similarity between the infectious agent and human proteins leads to the cross-
activation of antibodies and/or T cells directed against human proteins (Cunningham, 2000)..In ARF, this cross-
reactive immune response results in the clinical features of rheumatic fever, including carditis, due to antibody 
binding and infiltration of T cells; transient arthritis, due to the formation of immune complexes; chorea, due to 
the binding of antibodies to basal ganglia; and skin manifestations, due to a delayed hypersensitivity reaction 
(Figure 1; Carapetis, et al., 2016).

Molecular mimicry
There are a number of lines of evidence that suggest molecular mimicry plays a role in the development of 
carditis by stimulating both humoral and cellular cross-reactive immune responses (Cunningham, 2000; 
Guilherme, Kalil, & Cunningham, 2006; Cunningham, et al., 1992). The alpha-helical protein structures found in 
M protein and N-acetyl-beta-D-glucosamine (the carbohydrate antigen of S. pyogenes) share epitopes with 
myosin, and antibodies against both of these antigens cross-react against human tissues (Galvin, Hemric, & 
Cunningham, 2000). Monoclonal antibodies generated from tonsillar or peripheral blood lymphocytes of 
patients infected with S. pyogenes cross-react with myosin (Cunningham, 2000; Cunningham, et al., 1988). 
Monoclonal antibodies directed against myosin and N-acetyl-beta-D-glucosamine isolated react against human 
valvular endothelium in patients with rheumatic fever (Cunningham, et al., 1988). In a Lewis rat model, 
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immunization with recombinant streptococcal M protein type 6 led to development valvulitis (Quinn, Kosanke, 
Fischetti, Factor, & Cunningham, 2001).

Human heart intralesional T cell clones react against cardiac tissues, including myosin and valve-derived 
proteins (Faé, et al., 2006). Autoreactive T cells appear to play an important role in granulomatous inflammation 
in cardiac valves. Vascular cell adhesion molecule 1 may be the link between humoral and cellular immunity at 
the valve surface (Figure 2; Roberts, Kosanke, Terrence Dunn, Jankelow, Duran, & Cunningham, 2001). Vascular 
cell adhesion molecule 1 is upregulated at the valve endothelium surface as a result of binding of cross-reactive 
antibodies. This leads to adherence of CD4+ T cells to the endothelium, with subsequent infiltration of these 
cells into the valve. The T-cells initiate a predominantly TH1 response with the release of γ -IFN. Inflammation 
leads to neovascularization, which allows further recruitment of T-cells. Epitope spreading may occur in the 
valve, where T-cells respond against other cardiac proteins such as vimentin and tropomyosin and lead to the 
formation of granulomatous lesions underneath the endocardium (Aschoff bodies) (Roberts, et al., 2001).

Figure 1. Overview of the pathogenesis of acute rheumatic fever (GAS: group A Streptococcus; BCR: B cell receptor; TCR: T cell 
receptor) Figure reproduced with permission from (Carapetis, et al., 2016).
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Genetic susceptibility
Acute rheumatic fever is a highly heritable disease, with frequent cases observed in family members, including 
twins (Bryant, Robins-Browne, Carapetis, & Curtis, 2009). A meta-analysis of twin studies found that the pooled 
probandwise concordance risk was 44% and 12% in monozygotic and dizygotic twins respectively, and the 
association between zygosity and concordance was strong, with an odds ratio of 6.4 (95% CI 3.4 to 12.1) (Engel, 
Stander, Vogel, Adeyemo, & Mayosi, 2011).

It is most likely that susceptibility to ARF is polygenic. Polymorphisms in several genes coding for immune 
proteins have been associated with ARF susceptibility. Several studies have reported genetic associations related 

Figure 2. Pathogenesis of carditis in acute rheumatic fever (VCAM1: Vascular cell adhesion molecule 1). Figure reproduced with 
permission from (Carapetis, et al., 2016).
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to class II human leukocyte (HLA) molecules (Anastasiou-Nana, Anderson, Carlquist, & Nanas, 1986; Ayoub, 
Barrett, Maclaren, & Krischer, 1986; Carlquist, et al., 1995; Hafez, et al., 1985), while others have reported 
associations with non-HLA related immune proteins (Bryant, Robins-Browne, Carapetis, & Curtis, 2009). Large-
scale genome wide association studies of rheumatic heart disease in multiple populations in over 20 countries, 
including in Africa, the Pacific, and northern Australia are currently underway.

Acute Rheumatic Fever

Clinical Manifestations
ARF can present with several different clinical manifestations in the weeks following an episode of S. pyogenes 
pharyngitis (Special Writing Group of the Committee on Rheumatic Fever, Endocarditis, and Kawasaki Disease 
of the Council on Cardiovascular Disease in the Young of the American Heart Association, 1992; Gewitz, et al., 
2015). The most common presenting features of ARF are fever (>90% of patients) and arthritis (75% of patients). 
The most serious manifestation is carditis (>50% of patients) because it can lead to chronic rheumatic heart 
disease—while all other clinical features fully resolve, often within weeks.

Arthritis
There are a large number of differential diagnoses of the arthritis of ARF, and as a result, it is the most 
diagnostically challenging manifestation (World Health Organisation, 2004). The arthritis of ARF most 
commonly affects the large joints, especially the knees, ankles, elbows, and wrists. Multiple joints are frequently 
involved, with the onset of arthritis in different joints either separated in time or overlapping, giving rise to the 
description of a “migratory” or “additive” polyarthritis (Jansen, Janssen, de Jong, & Jeurissen, 1999; Congeni, 
Rizzo, Congeni, & Sreenivasan, 1987; Veasy, Tani, & Hill, 1994). Each joint is affected for a few days to a week, 
with the entire episode resolving without treatment within one month. The joint pain can be quite severe, 
especially in older children and adolescents, and is often out of keeping with the clinical signs of inflammation 
(Feuer & Speira, 1997; Wallace, Garst, Papadimos, & Oldfield, 1989).

An important feature of the arthritis of ARF is its rapid response to anti-inflammatory therapy. If joint 
symptoms do not respond to aspirin or other nonsteroidal anti-inflammatory drugs (NSAIDs) or glucocorticoid 
treatment within 48 hours, then the diagnosis of ARF should be reconsidered (ARF/RHD Writing Group, 2012). 
In patients presenting with a monoarthritis in whom ARF is suspected, some experts recommend withholding 
NSAID therapy and treating with acetaminophen or paracetamol until a second joint is affected, thus declaring 
the diagnosis of ARF. Although patients with ARF may present with only a monoarthritis (Carapetis & Currie, 
2001; Wilson, Wilson, Voss, Morreau, & Lennon, 2007b), a consideration of septic arthritis as a differential 
diagnosis is needed in these patients, especially in younger children. Joint aspiration with synovial fluid white 
cell count and culture is indicated in these patients. The synovial fluid is sterile, with a lymphocyte 
predominance in patients with ARF (Harlan, Tani, & Byington, 2006; Mataika, Carapetis, Kado, & Steer, 200). 
The recently updated Jones criteria highlight that joint manifestations may include aseptic monoarthritis or 
polyarthralgia as major manifestations in high-risk populations, while in low-risk populations, only polyarthritis 
is acceptable as a major manifestation (Gewitz, et al., 2015).

Carditis
ARF can cause a pancarditis that involves the pericardium, epicardium, myocardium, and endocardium 
(Gewitz, et al., 2015). However, the main clinical manifestation of ARF carditis reflects involvement of the 
endocardium, which presents as valvulitis of the mitral valve (mitral regurgitation) and, less frequently, of the 
aortic valve (aortic regurgitation) (Abernethy, et al., 1994; Vasan, et al., 1996; Veasy, et al., 1987). In patients with 
mitral regurgitation, auscultation reveals the characteristic pansystolic murmur of mitral regurgitation, and if 
the mitral regurgitation is severe, then an additional diastolic murmur may be present (Carey-Coombs 
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murmur). Cardiomegaly may occur when there is more severe valvular regurgitation. A pericardial rub may be 
heard when there is extensive involvement of the pericardium (Special Writing Group of the Committee on 
Rheumatic Fever, Endocarditis, and Kawasaki Disease of the Council on Cardiovascular Disease in the Young of 
the American Heart Association, 1992).

Patients with suspected ARF should have an echocardiogram to confirm clinical findings and to grade severity of 
valvular regurgitation, to evaluate cardiac function and to diagnose any subclinical involvement (Gewitz, et al., 
2015). Subclinical carditis refers to evidence of regurgitation on echocardiography in the absence of ausculatory 
findings (Tubridy-Clark & Carapetis, 2007; Minich, Tani, Pagotto, Shaddy, & Veasy, 1997; Figueroa, et al., 2001). 
As specific criteria for diagnosing sub-clinical carditis are lacking, the 2015 Jones Criteria suggest that the WHF 
criteria may be used to distinguish physiological from pathological regurgitation (Gewitz, et al., 2015), as shown 
in Table 2. Both clinical and subclinical carditis are considered a major manifestation of ARF in both low- and 
high-risk populations (Gewitz, et al., 2015).

Table 2: WHF Criteria for the Echocardiographic Diagnosis of RHD. Content reproduced and used with permission from (Reményi, et 
al., 2012).

2012 WHF Criteria for the Echocardiographic Diagnosis of RHD

Definite (>20 years): Either A, B, C, or D

A Pathologic MR and at least two morphologic features of RHD of the mitral valve

B Mitral stenosis with mean gradient ≥4 mmHg*

C Pathologic AR and at least two morphologic features of RHD of the aortic valve✚

D (Only in individuals <35 years)

E D. Pathological AR and at least two morphological features of RHD of the mitral valve

Definite (≤ 20 years): Either A, B, C, or D

A Pathologic MR and at least two morphologic features of RHD of the mitral valve.

B Mitral stenosis with mean gradient ≥4 mmHg*

C Pathologic AR and at least two morphologic features of RHD of the aortic valve✚

D Borderline disease of both the aortic and mitral valves⬥

Borderline (≤ 20 years): Either A, B, or C

A At least two morphologic features of RHD of the mitral valve

B Pathologic MR

C Pathologic AR

Pathologic MR (all criteria must be met) Pathologic AR (all criteria must be met)

Seen in two views Seen in two views

Jet length ≥2 cm** (in at least one view) Jet length ≥1 cm** (in at least one view)

Velocity ≥3 m/s for one complete envelope Velocity ≥3 m/s for one complete envelope

Pansystolic jet in at least one envelope Pandiastolic jet in at least one envelope

Morphologic features of the mitral valve Morphologic features of the aortic valve

Anterior leaflet thickening ≥3 mm Irregular or focal thickening

Chordal thickening Coaptation defect

Restricted leaflet motion Restricted leaflet motion
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Table 2 continued from previous page.

2012 WHF Criteria for the Echocardiographic Diagnosis of RHD

Excessive leaflet tip motion during systole Prolapse

MR: mitral regurgitation; AR: Aortic regurgitation
*Must exclude congenital mitral valve anomalies and in adults non-rheumatic mitral annular calcification
✚Bicuspid aortic valve, dilated aortic root, and hypertension must be excluded
⬥Combined MR and AR in high prevalence regions and in the absence of congenital heart disease is regarded as rheumatic

Chorea
The chorea of ARF, also referred to as Sydenham’s chorea or St. Vitus’s dance, occurs in up to 30% of patients 
with ARF. It is characterized by involuntary, non-rhythmic, and purposeless movements of the trunk and limbs, 
which are often more pronounced on one side of the body (al-Eissa, 1993). Rheumatic chorea frequently affects 
the face and is characterized by grimaces, grins, and frowns. Note that chorea disappears with sleep. Emotional 
lability is also a feature of rheumatic chorea, especially in older children and adolescents, and is characterized by 
restlessness and outbursts of inappropriate behavior, including crying (Wilcox & Nasrallah, 1988; Asbahr, et al., 
1998).

Chorea may present on its own, without other features of ARF and without evidence of a recent streptococcal 
infection, because chorea can occur many months after the inciting streptococcal infection. If chorea has an 
isolated presentation, it is important to exclude other causes of chorea, such as systemic lupus erythematosus, 
Wilson disease, and drug reactions (World Health Organisation, 2004). In all cases of suspected rheumatic 
chorea, a careful cardiac examination and echocardiogram must be performed, because chorea is strongly 
associated with carditis (Elevli, Celebi, Tombul, & Gökalp, 1999).

Skin findings: erythema marginatum and subcutaneous nodules
The skin manifestations of ARF occur in less than 10% of patients, and rarely occur as the sole manifestation of 
ARF (Gewitz, et al., 2015). Erythema marginatum, also referred to as “erythema annulare,” is characterized by 
bright pink, blanching, non-pruritic macules or papules that spread outwards in a serpiginous pattern, usually 
on the trunk and proximal limbs. Subcutaneous nodules are small (0.5–2 cm), painless, round nodules that 
develop over bony prominences (especially the elbows) or extensor tendons, and are usually symmetric. There 
are usually three to four nodules, and they are generally present for one to two weeks.

Other clinical features
There are four other clinical features that are considered minor manifestations of ARF: fever, arthralgia, elevated 
acute phase reactants, and prolonged PR interval on electrocardiogram (Gewitz, et al., 2015). The fever of ARF is 
usually ≥ 38.5 degrees Celsius, but may be lower grade (≥ 38°C) in high-risk populations (Carapetis & Currie, 
2001). Arthralgia usually involves several joints in a pattern similar to that of polyarthritis (Cherian, 1979). The 
erythrocyte sedimentation rate (ESR) is often above >60 mm/hour, and levels of C reactive protein (CRP) are 
usually above >3.0 mg/dL in patients with ARF, although the ESR may be lower (>30 mm/hour) in high-risk 
populations.

A number of other clinical features are often observed in patients with ARF but are not included as 
manifestations in the Jones Criteria, including lethargy, abdominal pain, and epistaxis, as well as rapid sleeping 
pulse rate and tachycardia out of proportion to fever (Stollerman, Markowitz, Taranta, Wannamaker, & 
Whittemore, 1965; The Committee on Standards and Criteria for Programs of Care, 1956). Full blood 
examination frequently reveals a normochromic and normocytic anemia and leukocytosis.
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Diagnosis of Acute Rheumatic Fever
There is no single confirmatory test for ARF. Instead, the diagnosis of initial or recurrent ARF relies on patients 
fulfilling a set of clinical criteria. The most famous of these, the Jones criteria, underwent its fifth revision in 2015 
(Gewitz, et al., 2015; Table 1), which expands its applicability to both high and low-risk populations. The 
revisions also include the results of sub-clinical carditis as a major criterion, which is diagnosed through 
echocardiographic evaluation. Staying true to its original form, the diagnosis of initial ARF continues to require 
two major or one major and two minor Jones criteria, along with evidence of a preceding streptococcal infection 
(Table 1). Chorea and chronic indolent rheumatic carditis remain as exceptions to this requirement, and are 
considered in isolation as sufficient evidence of ARF. The Jones criteria continues to emphasize that ARF must be 
a disease of exclusion, with an active search for other systemic diseases (Gewitz, et al., 2015).

In low-risk populations, defined as an “ARF incidence < 2 per 100,000 school-aged children per year or an all-
age prevalence of RHD of ≤ 1 per 1000 population per year” (Gewitz, et al., 2015), the Jones criteria continue to 
emphasize high specificity to avoid false positive diagnoses. Major criteria include carditis (clinical or sub-
clinical), polyarthritis, chorea, erythema marginatum, and subcutaneous nodules. Minor criteria include 
polyarthralgia, fever (≥ 38.5°C), ESR ≥ 60mm in the first hour and/or CRP ≥ 3.0 mg/dL, and a prolonged PR 
interval (unless carditis is already counted as a major criteria, as shown in Table 1).

In moderate- to high-risk populations, which are defined as any population with a prevalence or incidence of 
infection outside the definition of low risk (see above), the criteria emphasize high sensitivity to avoid false 
negative diagnoses. Since the last revision (1992), data emerged from endemic regions that restricting joint 
involvement to the classic migratory polyarthritis led to an under-diagnosis of ARF (Carapetis & Currie, 2001; 
Cann, Sive, Norton, McBride, & Ketheesan, 2010; Parks, Kado, Colquhoun, Carapetis, & Steer, 2009; Noonan, et 
al., 2013). Polyarthritis, monoarthritis, or polyarthralgia can now fulfill a major criterion. Slight changes to 
minor criteria in moderate- to high-risk populations further improve sensitivity and include monoarthralgia, a 
lowered fever requirement of ≥ 38.0°C, and a lowered ESR cutoff of ≥ 30mm in the first hour (Table 1).

The 2015 Jones revision also provides specific diagnostic criteria for ARF reoccurrences, which have been vague 
in previous iterations. In patients with a reliable history of ARF or RHD and documentation of a recent 
streptococcal infection, a reoccurrence can be diagnosed through fulfilling two major, one major and two minor, 
or three minor criteria. There is also provision for the diagnosis of “possible ARF” both for initial and recurrent 
ARF, for cases where there is a high clinical suspicion of ARF but incomplete fulfillment of the criteria. Lack of 
criteria could occur secondary to the unavailability of laboratory or echocardiographic testing, poor clinical 
history, and/or late presentation. In these circumstances, the Jones criteria find it reasonable to offer secondary 
prophylaxis with clinical and echocardiographic re-evaluation after one year (Gewitz, et al., 2015).

Table 1: Jones Criteria; (ARF: Acute Rheumatic Fever, RHD: Rheumatic Heart Disease, ESR: Erythrocyte Sedimentation Rate, CRP: C - 
reactive protein; * Subclinical carditis: Seen only on echocardiography without ausculatory findings, **Accounting for age variability & 
only if carditis NOT counted as a major criteria). Content reproduced and used with permission from (Gewitz, et al., 2015).

2015 Jones Criteria for the Diagnosis of ARF

Low-Risk Population
ARF incidence ≤ 2 per 100,000 school-aged children 
or all-age RHD prevalence of ≤ 1 per 1000 
population year

Moderate/High Risk Population
Children not clearly from a low-risk population.

Major Criteria

Carditis Clinical and/or Subclinical* Clinical and/or Subclinical*

Arthritis Polyarthritis Monoarthritis, Polyarthritis, and/or Polyarthralgia

Chorea Chorea
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Table 1 continued from previous page.

2015 Jones Criteria for the Diagnosis of ARF

Erythema Marginatum Erythema Marginatum

Subcutaneous Nodules Subcutaneous Nodules

Minor Criteria

Carditis Prolonged PR interval** Prolonged PR interval**

Arthralgia Polyarthralgia Monoarthralgia

Fever ≥ 38.5°C ≥ 38°C

Markers of Inflammation Peak ESR ≥ 60mm in 1 hour and/or CRP ≥ 3.0 
mg/dL

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

Evidence of Preceding Streptococcal Infection (any one of the following)

Increased or rising anti-streptolysin O titer or other streptococcal antibodies (anti-DNASE B)

A positive throat culture for group A B-hemolytic streptococci

A positive rapid group A streptococcal carbohydrate antigen test in a child whose clinical presentation suggests a high pre-test 
probability of streptococcal pharyngitis

Medical Management of ARF
The first aim of management of ARF is to confirm the diagnosis, for which a high index of suspicion is needed, 
especially in patients presenting with acute arthritis in geographic settings where ARF is endemic. All patients 
with suspected ARF should be hospitalized so that the clinical course can be closely observed and so that key 
investigations can be undertaken (Box 1). Additional investigations, such as joint ultrasound, joint aspiration, 
tests for other causes of arthritis, and tests for other causes of chorea are directed by the clinical presentation and 
course. Hospitalization also provides an opportunity for education about ARF, especially the need for secondary 
prophylaxis.

Beyond diagnosis, the priorities in management of ARF are: eradication of the group A streptococcus from the 
throat and commencement of secondary prophylaxis; symptomatic treatment of arthritis and/or arthralgia; 
management of carditis and/or heart failure; management of chorea; and patient and family education.

BOX 1: Key investigations for the diagnosis of acute rheumatic fever.

Full blood count

Acute phase reactants: C-reactive protein and erythrocyte sedimentation rate

Echocardiogram

Electrocardiogram

Chest radiograph

Throat swab for bacterial culture

Streptococcal serology (anti-streptolysin O titer and anti-deoxyribonuclease B titer)
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Eradication of the group A streptococcus and starting secondary prophylaxis
Patients with ARF are treated with an antibiotic to eradicate S. pyogenes (Shulman, et al., 2012). A pragmatic 
approach is to administer long-acting intramuscular benzathine penicillin G, which serves two purposes: 1) to 
eradicate S. pyogenes carriage; and 2) as the first dose of four-weekly secondary prophylaxis. The first dose of 
intramuscular BPG given in a hospital setting can begin the process of education about the importance of 
secondary prophylaxis. Secondary prophylaxis with benzathine penicillin G is the cornerstone of the long-term 
management of patients with ARF (Shulman, et al., 2012); see Table 3).

Table 3: Recommendations for dosing and duration of secondary prophylaxis. Content reproduced and used with permission from 
(Gerber, et al., 2009). (Rating indicated classification of recommendation and Level of Evidence (LOE) eg, IA indicates class I, LOE A).

Secondary Prevention of Rheumatic Fever (Prevention of Recurrent Attacks)

Agent Dosage Route of Administration Rating

Benzathine Penicillin G Children (27kg / 60lb or less)
600 000 U
Those (weighing more than 27kg / 60lb)
1 200 000 U
Every 4 weeks*

Intramuscular IA

Penicillin V 250 mg twice daily Oral IB

Sulfadiazine Patients (27kg / 60lb or less)
0.5 g once daily
Patients (weighing more than 27kg / 60lb)
0.5 g once daily

Oral IB

For patients allergic to penicillin and sulfadiazine

Macrolide or Azalide Variable Oral IC

* In high risk situations, administration every 3 weeks is justified and recommended.

Management of joint symptoms
Anti-inflammatory treatment is the mainstay of symptomatic management of the acute joint symptoms of ARF 
(Illingworth, Lorber, Holt, & Rendle-Short, 1957; Dorfman, Gross, & Lorincz, 1961). First-line therapy has 
traditionally been aspirin, which remains the most widely used anti-inflammatory medication for ARF. There is 
increasing experience in using newer NSAIDs, including naproxen for older patients and ibuprofen for younger 
children (Cilliers, 2003; Czoniczer, Amezcua, Pelargonio, & Massell, 1964; Hashkes, et al., 2003; Uziel, Hashkes, 
Kassem, Padeh, Goldman, & Wolach, 2000), which some prefer, because of their more convenient dosing 
frequency and the reduced risk of toxicity or Reye’s syndrome, as compared to salicylates. A single small, 
randomized controlled trial supports the use of naproxen in ARF (Hashkes, et al., 2003). Ibuprofen has been 
used successfully in younger children with rheumatic fever. In patients with mild arthralgia, acetaminophen or 
paracetamol may provide adequate treatment.

Aspirin and NSAIDs quickly control joint symptoms, but should be continued until all symptoms have resolved 
(Dorfman, Gross, & Lorincz, 1961). Most patients require treatment for one to two weeks, although some 
patients require a longer course. Arthritis can recur when dosage of anti-inflammatory treatment is reduced—
this phenomenon is known as “rebound” and means that a longer course of treatment is required (Holt, 1956). If 
corticosteroid treatment is used for management of carditis or for another reason, aspirin or NSAIDs can be 
ceased during the period of corticosteroid therapy, but should be re-started following the cessation of treatment.
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Management of carditis
There is no evidence that anti-inflammatory therapy alters the long-term outcome of patients with ARF, 
although some experts recommend corticosteroids treatment in patients with severe carditis (ARF/RHD Writing 
Group, 2012; Bywaters & Thomas, 1961; Rheumatic Fever Working Party of the Medical Research Council of 
Great Britain and the Sub-Committee of the Principal Investigators of the American Council on Rheumatic 
Fever and Congenital Heart Disease, American Heart Association, 1965). Therefore, the management of carditis 
consists of treatment of heart failure in those with severe carditis. Valve surgery is rarely necessary in patients 
with rheumatic carditis, but can be life-saving in patients with acute rupture of a valve leaflet or with chordae 
tendinae (al Kasab, al Fagih, Shahid, Habbab, & al Zaibag, 1988).

All patients with severe carditis, including those with significant cardiomegaly, congestive heart failure, or a 
third-degree heart block, require an urgent echocardiogram and assessment by a cardiologist. Diuretics, fluid 
restriction, and bed rest are mainstays in the management of heart failure. Angiotensin-converting enzyme 
inhibitors are recommended for some patients with symptomatic aortic regurgitation and/or left ventricular 
dysfunction (Thatai & Turi, 1999). Many experts recommend the use of corticosteroids in severe acute carditis 
with heart failure, despite an absence of high-quality evidence. The side effects of corticosteroids, including 
gastrointestinal bleeding and fluid retention, can worsen cardiac failure.

Cardiac surgery is generally avoided until the acute inflammation has subsided, so that the repair is technically 
easier and so that a better long-term outcome can be achieved (Skoularigis, Sinovich, Joubert, & Sareli, 1994). 
The exception to this is torrential mitral or aortic regurgitation, which is often due to chordae tendinae rupture 
with a flail leaflet and requires urgent life-saving surgical repair (al Kasab, al Fagih, Shahid, Habbab, & al Zaibag, 
1988). Where possible, valve repair rather than replacement is always the preferred surgery, in order to avoid the 
long-term anticoagulation treatment that is required for mechanical valves (Remenyi, et al., 2013b).

There are no reliable data to support the use of anti-inflammatory drugs (aspirin, NSAIDs, corticosteroids, 
intravenous immune globulin) in acute carditis, with regard to subsequent development of heart valve lesions 
and cardiac disease (Cilliers, Manyemba, & Saloojee, 2003; Voss, et al., 2001; Rheumatic Fever Working Party of 
the Medical Research Council of Great Britain and the Sub-Committee of the Principal Investigators of the 
American Council on Rheumatic Fever and Congenital Heart Disease, American Heart Association, 1965).

Management of chorea
Rheumatic chorea is usually benign and self-limiting with resolution within weeks to months, and as a result, 
treatment other than rest and a calm environment is often not necessary (Lessof & Bywaters, 1956), especially as 
medications used for chorea have potential serious adverse effects. However, if choreiform movements 
substantially interfere with normal activities of daily living, place the person at risk of injury, or are distressing to 
the patient and their family, then treatment should be considered (ARF/RHD Writing Group, 2012).

Valproic acid and carbamazepine are considered first-line treatments for chorea (Daoud, Zaki, Shakir, & al-
Saleh, 1990; Genel, Arslanoglu, Uran, & Saylan, 2002; Peña, Mora, Cardozo, Molina, & Montiel, 2002). A small, 
prospective comparative study found that valproic acid was the more effective agent (Daoud, Zaki, Shakir, & al-
Saleh, 1990). However, some experts recommend carbamazepine as initial therapy for severe chorea, because of 
the potential risk of liver toxicity with valproic acid (Heart Foundation, 2014). Valproic acid is contra-indicated 
in females of child-bearing age, due to the risk of teratogenicity. Short-course corticosteroid treatment can be 
also considered for severe or refractory chorea (Barash, Margalith, & Matitiau, 2005; Cardoso, Maia, 
Cunningham, & Valença, 2003; Paz, Silva, & Marques-Dias, 2006). Aspirin and NSAIDs have no significant 
effect on rheumatic chorea.
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Education
Patients and their caregivers require adequate information and education about rheumatic fever and rheumatic 
heart disease, as well as the importance of adhering to secondary prophylaxis (Shulman, et al., 2012). In 
addition, it is important to educate patients about seeking treatment for sore throats, as well as emphasizing the 
role of dental care.

The transition to chronic rheumatic heart disease
Approximately 35–72% of patients that experience ARF will develop clinical carditis (Bland & Duckett Jones, 
1951; Wilson & Lim, 1956; Ash, 1948; Lawrence, Carapetis, Griffiths, Edwards, & Condon, 2013; Meira, Goulart, 
Colosimo, & Mota, 2005), with an additional 18% showing evidence of sub-clinical cardiac involvement by 
echocardiography (Tubridy-Clark & Carapetis, 2007). However, resolution of acute carditis can occur, 
particularly with excellent compliance with prophylaxis, and not all of these patients will transition to chronic 
RHD. Resolution is seen most often in the first year following ARF, but has been documented as far out as 10 
years following the initial cardiac insult (Bland & Duckett Jones, 1951). Acute carditis limited to pure mitral 
regurgitation is the most likely lesion to regress, with regression almost never seen with aortic valve involvement 
(Bland & Duckett Jones, 1951). Factors that consistently predispose patients to development of chronic RHD 
include a younger age at first episode of ARF, more severe carditis at first episode of ARF, and frequency and 
number of ARF reoccurrences (Bland & Duckett Jones, 1951; Wilson & Lim, 1956; Ash, 1948).

It is also possible for children who do not have clinical carditis during initial ARF presentation to develop 
chronic RHD. This may be due to subclinical recurrences, poor compliance with prophylaxis, or delayed 
development of clinically-apparent disease, and highlights the need for serial echo data.

In the pre-penicillin, pre-echocardiography era, 24% of patients at 10 years and 44% of patients at 20 years who 
had no clinical carditis at ARF presentation had ausculatory findings of chronic RHD, despite only one-third 
having documented ARF reoccurrences (Bland & Duckett Jones, 1951). Contemporary data from Australia 
supports this finding, with 35% of children demonstrating RHD at 1 year following ARF, a number that 
increased to 61% 10 years after the initial ARF presentation (Lawrence, Carapetis, Griffiths, Edwards, & Condon, 
2013).

Rheumatic Heart Disease

Clinical Manifestations, Features and Diagnosis of RHD
Echocardiography is the primary evaluation tool for patients with suspected and confirmed RHD, as it delineates 
the distribution and severity of valvular involvement and excludes alternate pathology (Saxena, 2013). While the 
carditis associated with ARF is a pancarditis, valvular pathology almost exclusively dominates chronic RHD. 
Left-sided cardiac involvement is most commonly seen; it involves the mitral valve almost 100% of the time and 
involves the aortic valve in 20–30% of cases. The tricuspid valve is affected histologically in 15–40% of patients 
with RHD (Kitchin & Turner, 1964; Roguin, Rinkevich, Milo, Markiewicz, & Reisner, 1998; Chopra & Bhatia, 
1992), but this finding is rarely of clinical importance except in the most severe cases (Kitchin & Turner, 1964; 
Carpentier, et al., 1974). The pulmonary valve is almost never affected, though there are reports of pulmonary 
autografts, which have been used in the aortic position during a Ross procedure, subsequently developing graft 
failure and showing signs of rheumatic carditis (Choudhary, et al., 1999).

Mitral Regurgitation
Mitral regurgitation is the most commonly seen valvular pathology in RHD (Tissier, et al., 2005; Chockalingam, 
Gnanavelu, Elangovan, & Chockalingam, 2003), particularly in children and young adults, where pure mitral 
regurgitation is the most common RHD presentation (Rheumatic Fever Working Party of the Medical Research 
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Council of Great Britain and the Sub-Committee of the Principal Investigators of the American Council on 
Rheumatic Fever and Congenital Heart Disease, American Heart Association, 1965; The Rheumatic Fever 
Working Party of the Medical Research Council of Great Britain and the Subcommittee of Principal 
Investigators of the American Council on Rheumatic Fever and Congenital Heart Disease, American Heart 
Association, 1960). Rheumatic mitral regurgitation primarily results from morphological changes that reflect 
chronic scarring of the mitral valve and mitral valve apparatus. Morphological mitral valve features are well-
visualized on standard 2D echocardiography, though emerging data suggests that 3D echocardiography may 
improve the sensitivity and specificity of RHD detection in cases of mild valvular involvement and facilitate 
improved surgical planning for those with advanced disease (Beniwal, Bhaya, Panwar, Panwar, & Singh, 2015).

Valvular thickening, which is seen in 56–100% of patients with rheumatic carditis, is the most common 
morphological feature on both echocardiography (Yuko-Jowi & Bakari, 2005; Vasan, et al., 1996; Atalay, Uçar, 
Ozçelik, Ekici, & Tutar, 2007; Câmara, Neubauer, Câmara, & Lopes, 2004) and direct visualization (Skoularigis, 
Sinovich, Joubert, & Sareli, 1994; Ungar & Ben-Ishay, 1965; van der Bel-Kahn & Becker, 1986). Such thickening 
is most commonly seen at the free edge of the leaflet, where the chordal structures can fuse with the leaflet tips 
(Ungar & Ben-Ishay, 1965); though nodularity, or beading, along the length of the leaflet can also be seen 
(Atalay, Uçar, Ozçelik, Ekici, & Tutar, 2007). The 2012 WHF criteria advise objective measurement of the mitral 
valve without harmonic imaging and set criteria for an abnormally thickened mitral valve based on age 
(Reményi, et al., 2012); see Table 2). Chordal thickening, a purely subjective measure on echocardiography 
(Reményi, et al., 2012), is also a common feature and results in the restricted movement of the anterior and/or 
posterior mitral leaflets, and the incomplete valvular coaptation characteristic of rheumatic mitral regurgitation 
(Vasan, et al., 1996; Atalay, Uçar, Ozçelik, Ekici, & Tutar, 2007; Câmara, Neubauer, Câmara, & Lopes, 2004). 
Another less common mechanism for chronic rheumatic mitral regurgitation and poor mitral coaptation 
involves excessive motion of the anterior mitral leaflet tip, which is sometimes referred to imprecisely as mitral 
prolapse. Though it is more commonly seen in acute rheumatic carditis, excessive anterior leaflet motion is 
defined as the displacement of the tip of the leaflet (rather than the leaflet body in classic mitral valve prolapse) 
towards the left atrium, and results from elongation of the primary mitral chords (Reményi, et al., 2012; 
Kalangos, et al., 2000; Chauvaud, et al., 2001).

Pure mitral regurgitation is generally well tolerated, and particularly that of mild to moderate severity. However, 
mitral regurgitation can progress over time (Enriquez-Sarano, et al., 1999) through continued scarring of the 
valve and valve apparatus and/or through compensatory left ventricular dilation, which further prevents proper 
coaptation by altering the size and position of the mitral annulus (Otsuji, et al., 1997). Patients with significant 
mitral regurgitation will show increased precordial activity with displacement of the ventricular impulse that is 
consistent with the degree of ventricular dilation. The classic murmur of mitral regurgitation is a holosystolic 
apical murmur, which can be best heard with the patient in the left lateral decubitus position. The intensity of the 
murmur generally correlates with the severity of regurgitation. A normal EKG and chest X-ray are most 
common with mild mitral regurgitation, but both will show left atrial and left ventricular dilation as the severity 
of regurgitation increases. Atrial fibrillation is uncommon with pure mitral regurgitation, particularly in the 
pediatric population, but occurs more commonly as left atrial size increases (Okello, et al., 2013). Except for 
those with severe acute mitral regurgitation, most patients will remain asymptomatic for years. Over time, mitral 
regurgitation can result in left ventricular dysfunction and symptomatic patients usually present with signs of 
left heart failure, decreased exercise tolerance, and shortness of breath with exertion (Nishimura, et al., 2014; 
Otto, 2003).

Mitral Stenosis
RHD is the most common etiology of mitral stenosis worldwide (Ratnakar, Rajagopal, & Somaraju, 1989; Waller, 
Howard, & Fess, 1994; Iung, et al., 2007). Development of mitral stenosis is associated with the number, though 
not necessarily with the severity, of carditis during ARF reoccurrences (Bland & Duckett Jones, 1951; Walsh & 
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Nestor, 1956), and is more common in women (Rheumatic Fever Working Party of the Medical Research 
Council of Great Britain and the Sub-Committee of the Principal Investigators of the American Council on 
Rheumatic Fever and Congenital Heart Disease, American Heart Association, 1965; Stollerman, 2001). Mitral 
stenosis was also commonly seen as a late complication of chorea in up to 25% of children in the pre-antibiotic 
era (Bland & Duckett Jones, 1951). Rheumatic mitral stenosis was classically thought to be a late presentation in 
RHD, occurring in the third to sixth decade of life (Horstkotte, Niehues, & Strauer, 1991). However, rheumatic 
mitral stenosis has a more aggressive course in sub-Saharan Africa and other low-resource settings. For example, 
in Ethiopia, cases have been documented in a child as young as five years, and mitral stenosis was found in one-
third of children diagnosed with clinical RHD (Tadele, Mekonnen, & Tefera, 2013).

Rheumatic mitral stenosis occurs later on the continuum of valvular scarring, and shares many morphological 
features with rheumatic mitral regurgitation. Typically, the mitral valve leaflets are thick and relatively immobile. 
Restricted leaflet mobility generally results from shortening and fusion of the mitral valve chords (seen in 100% 
of patients with severe mitral stenosis) (Anwar, et al., 2010), calcification, and/or commissural fusion (Reményi, 
et al., 2012; Ratnakar, Rajagopal, & Somaraju, 1989; Carpentier, 1983), which results in a funnel-shaped mitral 
valve orifice.

Mild mitral stenosis is well tolerated and usually asymptomatic. However, with increasing stenosis, the left atrial 
pressure rises, which leads to increased pulmonary venous pressure and eventually to pulmonary hypertension. 
Early symptoms reflect decreased cardiac output and include fatigue and decreased exercise tolerance. Later, 
symptoms of pulmonary edema appear with shortness of breath, cough, wheeze, orthopnea, and paroxysmal 
nocturnal dyspnea. With development of pulmonary hypertension, patients can present in extremis with 
syncope, hemoptysis, and right heart failure (Nishimura, et al., 2014). Findings on physical examination reflect 
the severity of disease. The classical mitral stenosis murmur consists of a low-pitched rumbling apical diastolic 
murmur, which is best heard in the left lateral decubitus position (Nishimura, et al., 2014). Murmurs of longer 
duration reflect more severe stenosis. If the patient has developed pulmonary hypertension, P2 may be 
accentuated and patients can show an increased right ventricular impulse. Chest x-ray shows an enlarged left 
atrium, with or without pulmonary edema, and/or enlarged pulmonary arteries depending on disease severity. 
ECG evaluation is of critical importance, as patients with significant mitral stenosis are at high risk of atrial 
fibrillation.

Aortic Regurgitation
Rheumatic aortic regurgitation is most commonly seen in combination with rheumatic mitral valve pathology 
(Zühlke, et al., 2014). Pure aortic valve disease is uncommon (Zühlke, et al., 2014), occurring in only 4.5% of 
individuals < 18 and 2.8% of those >18 in a large series of patients from India (Chockalingam, Gnanavelu, 
Elangovan, & Chockalingam, 2003). If valve disease is suspected, a comprehensive search for other aortic 
pathologies should be undertaken (bicuspid aortic valve, sub-aortic membrane, infective endocarditis, and 
connective tissue diseases). The mechanism for rheumatic aortic regurgitation is most commonly restricted 
aortic leaflet motion, which occurs as a result of leaflet retraction and thickening (Cohen, et al., 1996). Surgical 
studies have demonstrated that between 41–100% of patients with rheumatic aortic regurgitation show aortic 
valve thickening, which is often irregular and nodular in appearance and results in a central coaptation defect 
(Myers, et al., 2010; Talwar, Saikrishna, Saxena, & Kumar, 2005b; Bernal, et al., 1998; Bozbuga, et al., 2004; 
Tekumit, et al., 2010; Grinda, et al., 2002). Prolapse of the aortic valve is a second, less common mechanism for 
rheumatic aortic regurgitation (Cohen, et al., 1996), but other primary causes of aortic prolapse are more 
common and should be ruled out.

Similar to chronic mitral regurgitation, patients with chronic aortic regurgitation can remain asymptomatic for 
years. However, aortic regurgitation creates both a volume and pressure load on the left ventricle and results in 
compensatory ventricular dilation (Nishimura, et al., 2014). Over time, ventricular dysfunction can occur and 
patients may present with symptoms of left heart failure, such as decreased exercise tolerance, fatigue, and 
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shortness of breath with exertion. On physical exam, patients with significant aortic regurgitation will show a 
widened pulse pressure, bounding pulses, and increased precordial activity with leftward deviation of the 
ventricular impulse secondary to left ventricular dilation. The classical aortic regurgitation murmur is a high-
pitched diastolic murmur heard at the left lower sternal boarder most prominently when a patient is leaning 
forwards and at end-expiration. Severity of regurgitation correlates with duration of the murmur, with a shorter 
murmur associated with more severe disease. Chest x-ray and ECG will be normal with mild disease, but with 
more advanced disease, long-standing aortic regurgitation evidence of left ventricular dilation will present, along 
with ascending aortic enlargement by chest x-ray.

Aortic Stenosis
Aortic stenosis is a less common rheumatic valvular pathology that is found in only 9% of study subjects in a 
recent large prospective data collection across Africa (Zühlke, et al., 2014). Stenosis occurs secondary to 
progressive leaflet thickening, commissural fusion, fibrosis, and calcification. Rheumatic aortic stenosis almost 
never occurs in isolation, and most patients have mixed aortic valve disease and concurrent mitral valve 
pathology. The prevalence of aortic stenosis increases with age and most commonly comes to attention anywhere 
from 20 to 40 years after the initial appearance of ARF (Bland & Jones, 1936).

The development of rheumatic aortic stenosis is usually gradual, which allows time for cardiac compensation 
and an asymptomatic period. As stenosis worsens, symptoms of left heart failure, poor cardiac output, and poor 
coronary perfusion develop, including angina, syncope, and shortness of breath with exertion. Patients with 
aortic stenosis may demonstrate a palpable thrill at the right upper sternal border or suprasternal notch. The 
classic murmur is a systolic ejection murmur at the right upper sternal border, often with a diastolic decrescendo 
murmur if there is concurrent aortic regurgitation. In contrast to congenital aortic pathologies, there is rarely an 
associated opening click (Nishimura, et al., 2014).

Mixed Valve Disease
Except in the young, where pure mitral regurgitation dominates, mixed valvular pathology is the most common 
finding in chronic RHD (Zühlke, et al., 2014). Mitral regurgitation and mitral stenosis most often develop along 
a continuum of disease, and many patients have both important regurgitating and stenotic components (Bland & 
Duckett Jones, 1951). These changes reflect the ongoing valvular scarring and remodeling that occur in RHD, 
even when recurrent episodes of ARF are absent. Similarly, aortic valve pathology is rarely seen in isolation 
(Zühlke, et al., 2014), and most commonly has an associated mitral pathology. The right-sided heart valves are 
infrequently involved and are never involved in isolation. Rheumatic tricuspid involvement is more common 
than pulmonary involvement, with clinically apparent disease in 3–5% of patients (Kitchin & Turner, 1964; 
Carpentier, et al., 1974).

Screening for Rheumatic Heart Disease
Not all patients who develop chronic RHD have a clinical history of ARF (Sliwa, et al., 2010; Carapetis, Currie, & 
Mathews, 2000). Emerging data from low-resource nations suggest that, at least in some endemic regions, latent 
RHD, or RHD absent a history of ARF, may even be the most common presentation among those with advanced 
rheumatic cardiac disease (Zhang, et al., 2013). RHD also typically shows a relatively long period between the 
initial cardiac insult and presentation with symptomatic cardiac disease. While the highest risk of ARF is in 
childhood, symptomatic RHD most commonly presents in the third and fourth decade (Zühlke, et al., 2014). 
This clinically silent period presents an opportunity for early RHD detection, and active surveillance for RHD 
has been advocated for endemic regions since the 1970s (WHO Expert Committee on the Prevention of 
Rheumatic Fever World Health Organization, 1966).

RHD fulfills the four criteria outlined by the 1994 Council of Europe for determination of diseases suitable for 
screening (Roberts, Colquhoun, Steer, Reményi, & Carapetis, 2013b). Within endemic areas, RHD exerts an 
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enormous human and financial toll on individuals and communities (Günther, Asmera, & Parry, 2006; Kumar, 
Raizada, Aggarwal, & Ganguly, 2002; Carapetis & Currie, 1999; Milne, Lennon, Stewart, Vander Hoorn, & 
Scuffham, 2012b; Parks, et al., 2015), and also substantially contributes to the overall global burden of disease 
(Global Burden of Disease Study 2013 Collaborators, 2015). The natural history of untreated RHD is well 
documented, with progression of rheumatic valvular disease dependent on both the severity of the initial carditis 
and the number of ARF reoccurrences (Bland & Duckett Jones, 1951; Tompkins, Boxerbaum, & Liebman, 1972). 
Echocardiography, when interpreted through the 2012 World Heart Federation Criteria (WHF; Table 2) 
(Reményi, et al., 2012), appears to be highly sensitive (Roberts, Brown, Maguire, Atkinson, & Carapetis, 2013a; 
Beaton, et al., 2014; Colquhoun, et al., 2014; Engel, et al., 2015) and specific (Roberts, et al., 2014; Clark, 
Krishnan, McCarter, Scheel, Sable, & Beaton, 2016; McGlacken-Byrne, Parry, Currie, & Wilson, 2015) screening 
test, though the clinical significance of the category “borderline RHD” remains unclear (see more below). And 
finally, initiation and maintenance of regular intramuscular penicillin injections (secondary prophylaxis), at least 
in those with early RHD and a documented history of ARF, improves the long-term prognosis by preventing 
recurrent ARF episodes and halting the progression of valvular damage (Feinstein, et al., 1964b; Stollerman, 
Rusoff, & Hirschfeld, 1955; Feinstein, Stern, & Spagnuolo, 1964a; Lue, Tseng, Lin, Hsieh, & Chiou, 1983).

Echocardiographic screening for RHD has emerged over the last decade as the most sensitive test for early RHD 
detection. A systematic review of echocardiographic screening studies to date calculated a pooled prevalence of 
RHD of 2.9 per 1000 people by auscultation, as compared to 12.9 per 1000 people by echocardiography 
(Rothenbühler, et al., 2014). However, studies directly comparing auscultation to echocardiographic screening 
have demonstrated auscultation to be both poorly sensitive and poorly specific (Viali, Saena, & Futi, 2011; 
Mehta, et al., 2014), and auscultation is no longer recommended for RHD screening (Reményi, et al., 2012). In 
2011, an expert working group was convened by the World Heart Federation to develop the first evidence-based 
set of criteria for the echocardiographic diagnosis of RHD (Reményi, et al., 2012). These criteria use 
morphological and functional features of the mitral and aortic valves to categorize individuals as having no 
RHD, borderline RHD, or definite RHD. These criteria are meant for use only in individuals who have no clinical 
history of ARF and who reside in RHD endemic regions. It was the hope that standardized diagnostic criteria 
would improve both the sensitivity and specificity of screening, (particularly in limiting false positive diagnoses) 
and would provide a platform for sharing and collation of data across studies and sites (Table 2; Reményi, et al., 
2012).

Screening by echocardiography has revealed a large burden of “borderline RHD”; a diagnostic category in the 
2012 WHF criteria, which includes isolated functional or isolated morphological changes to either the mitral or 
aortic valves (Reményi, et al., 2012). The clinical significance of borderline RHD is not yet known, and the need 
for and role of secondary prophylaxis in this population is uncertain. The majority of short-term natural history 
studies appear to show a relatively benign prognosis for borderline RHD, particularly when the initial lesion is 
isolated pathological mitral regurgitation (Beaton, et al., 2014; Paar, et al., 2010; Mirabel, et al., 2015c; Bhaya, 
Beniwal, Panwar, & Panwar, 2011; Saxena, et al., 2011). However, a single study from Australia (with a follow-up 
at 2.5–5 years) showed that children with borderline RHD were at a significantly greater risk of ARF and 
progression of valvular disease, as compared to their age- and gender-matched peers (Rémond, et al., 2015). 
Clearly, more research in this area is needed. Currently, the most common practice for children with borderline 
RHD is close clinical follow-up, with initiation of secondary prophylaxis only in cases of recurrent ARF or 
progression of valvular disease.

Echocardiographic screening also faces significant implementation barriers, and echocardiographic screening as 
a public health measure is not yet widely supported (Roberts, Colquhoun, Steer, Reményi, & Carapetis, 2013b; 
Zühlke & Mayosi, 2013). Financial resources and skilled healthcare providers are scarce in most regions where 
RHD is endemic. Task-shifting of RHD screening to non-experts and the use of less expensive handheld 
echocardiography for screening have shown promise (Beaton, et al., 2015; Lu, et al., 2015; Ploutz, et al., 2016; 
Mirabel, et al., 2015b; Mirabel, et al., 2012; Engelman, et al., 2015), but further research is needed. 
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Implementation research that examines the best screening strategies and environments is sparse, and the 
integration of screening into existing healthcare structures is only beginning. Additionally, in most RHD-
endemic regions, an investment in infrastructure development will be needed prior to wide-spread screening, to 
ensure a reliable supply of penicillin and skilled care across the continuum of RHD severity. Finally, while there 
are preliminary data supporting the overall cost-effectiveness of echocardiographic RHD screening (Manji, et al., 
2013; Zachariah & Samnaliev, 2015), these data are based largely on modeling. Future studies will need to 
include the direct costs from ongoing screening programs in a variety of clinical environments in order to justify 
investment in echocardiographic screening as a sustainable public health policy.

Medical Treatment and Management of Chronic RHD
Medical management for chronic RHD is largely based on the presence or absence of cardiovascular symptoms. 
Most patients with mild to moderate valvular involvement will remain asymptomatic for years. Strict adherence 
to secondary prophylaxis (see above) should be emphasized, as poor adherence and reoccurrence of ARF have 
independently been associated with an increased risk of RHD complications and death. Heart failure should be 
considered a surgical disease, with no long-term role for medical management, except in cases where surgery is 
unavailable or contraindicated (Nishimura, et al., 2014; Borer & Bonow, 2003). Exercise restrictions are based 
both on the severity of valvular disease and the intensity of the desired activity, and should be guided by the 2005 
Bethesda Guidelines (Maron & Zipes, 2005). Emerging data suggests that statins may slow the progression of 
rheumatic mitral and aortic stenosis, but prospective adult trials have shown mixed results (Antonini-Canterin, 
et al., 2009; Antonini-Canterin, et al., 2010; Cowell, et al., 2005; Rossebø, et al., 2008). Statins are not currently 
recommended in patients with chronic RHD.

Mitral Regurgitation
There is no role for medical management in patients with severe mitral regurgitation and preserved left 
ventricular function (Nishimura, et al., 2014; Borer & Bonow, 2003). Data on the impact of afterload reduction 
on hemodynamics is mixed, with some studies reporting improvement (Gupta, Kapoor, Garg, Tewari, & Sinha, 
2001; Sampaio, et al., 2005) and others reporting hemodynamic worsening (Wisenbaugh, Essop, Rothlisberger, 
& Sareli, 1992; Röthlisberger, Sareli, & Wisenbaugh, 1994). Importantly, afterload reduction has not been shown 
to slow symptom development, preserve left ventricular function, or improve survival rates; and as a result, it is 
not a recommended course of treatment (Nishimura, et al., 2014). Patients who develop symptoms or have 
decreased left ventricular function should be referred for surgical intervention (Nishimura, et al., 2014). Surgical 
intervention should also be considered in patients with severe left ventricular enlargement but preserved left 
ventricular function, if the chances of repair vs. replacement are high, the mortality risk is <1%, and if the 
surgery can be performed at a Heart Valve Center of Excellence (Nishimura, et al., 2014). Additionally for 
patients with severe mitral regurgitation and preserved function who have developed atrial fibrillation or resting 
systolic pulmonary artery hypertension (>50mmHg), surgical interventions should be considered if the chances 
of repair vs. replacement are high (Nishimura, et al., 2014). If surgical intervention is unavailable or 
contraindicated, medical therapy for systolic dysfunction is considered a reasonable course of treatment to 
manage symptoms (Nishimura, et al., 2014).

Mitral Stenosis
Medical management of mitral stenosis centers on the prevention of thromboembolic events. Anticoagulation is 
indicated for patients with mitral stenosis and atrial fibrillation, and/or a prior embolic event, and/or a left atrial 
thrombus (Nishimura, et al., 2014). Additional heart rate control can be beneficial in patients with mitral 
stenosis and atrial fibrillation with rapid ventricular response, or in those whom have mitral stenosis and 
symptoms that are associated with exercise (Nishimura, et al., 2014). A pilot study examining the utility of 
Bosentan, an endothelin receptor antagonist, has shown early promise in improving the functional status of 
patients with pulmonary hypertension secondary to rheumatic mitral stenosis (Vlachogeorgos, et al., 2015), but 
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larger studies are needed before a universal recommendation can be made. As with mitral regurgitation, the 
timing of intervention is based on development of cardiovascular symptoms, as well as the overall favorability of 
the valve for a percutaneous vs. a surgical intervention (Nishimura, et al., 2014).

Aortic Regurgitation
Medical therapy has a limited role in treating patients with rheumatic aortic regurgitation. Recent evidence on 
the role of afterload reduction in the asymptomatic patient with severe aortic insufficiency and preserved left 
ventricular function has been mixed (Evangelista, Tornos, Sambola, Permanyer-Miralda, & Soler-Soler, 2005; 
Scognamiglio, Rahimtoola, Fasoli, Nistri, & Dalla Volta, 1994), and afterload reduction is not currently 
recommended for these patients (Nishimura, et al., 2014). The asymptomatic patient with significant aortic 
regurgitation should be monitored for systemic hypertension (systolic BP >140 in an adult), and if present, 
appropriately treated with afterload reduction, such as calcium-channel blockers, ACE inhibitors, or 
angiotensin-receptor blockers (Nishimura, et al., 2014). Surgical intervention is indicated for all symptomatic 
patients with severe aortic insufficiency, even if the left ventricular function is preserved. Surgery should also be 
considered in asymptomatic patients with severe aortic insufficiency if there is decreased left ventricular 
function or severe left ventricular dilation (Nishimura, et al., 2014). If surgery is unavailable or otherwise 
contraindicated, it is reasonable to attempt symptom management with B-blockade and afterload reduction, 
such as ACE inhibitors or an angiotensin receptor blockade (Nishimura, et al., 2014).

Aortic Stenosis
There is no effective therapy for symptomatic rheumatic aortic valve stenosis (Nishimura, et al., 2014). Timing of 
surgical intervention is based both on the severity of the disease and the presence of cardiovascular symptoms. 
Unlike some congenital pathology, catheter-based balloon angioplasty has low efficacy in patients with 
rheumatic aortic stenosis, and should be reserved for symptomatic patients who are not surgical candidates 
(Nishimura, et al., 2014; Otto, et al., 1994; Lieberman, et al., 1995).

Endocarditis Prophylaxis
Endocarditis is an important co-morbidity in patients with chronic RHD, and a large percentage of endocarditis 
in low-and-middle income nations occurs in patients with RHD (Mirabel, et al., 2015a; Moges, et al., 2015; Watt, 
et al., 2015). However, prophylaxis antibiotics prior to dental and other high-risk procedures are not universally 
recommended. Current American Heart Association guidelines recommend the use of antibiotic prophylaxis 
only in patients with prosthetic cardiac valves, for the first six months in patients after placement of intracardiac 
or intravascular prosthetic material, and in patients with a previous history of endocarditis (Wilson, et al., 
2007a). If endocarditis prophylaxis is prescribed for patients with chronic RHD who already receive regular 
secondary prophylaxis, oral flora should be assumed to be relatively penicillin/amoxicillin resistant and 
alternative therapies such as clindamycin, azithromycin, or clarithromycin should be utilized. Good oral hygiene 
should be emphasized for all patients with chronic RHD to decrease the lifetime risk of infective endocarditis 
(Wilson, et al., 2007a).

Atrial Fibrillation
Patients with mitral stenosis are at the greatest risk for developing atrial fibrillation, though it is also seen in 
patients with severe mitral regurgitation and significant left atrial dilation. Among patients with mitral stenosis, 
risk factors for development of atrial fibrillation include older age, higher right atrial pressure, and lower left 
ventricular ejection fraction (Pourafkari, Ghaffari, Bancroft, Tajlil, & Nader, 2015). Atrial fibrillation can initially 
present as episodic, but often becomes persistent as valvular disease progresses. Patients with rheumatic mitral 
and aortic disease have limited cardiovascular reserves, and the combination of decreased atrial contribution to 
cardiac output (up to one-third) and decreased ventricular filling time secondary to rapid ventricular rate may 
be poorly tolerated. Additionally, atrial fibrillation, even the transient sub-clinical form (Karthikevan, et al., 
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2014), increases the risk of systemic embolism and requires anticoagulation to prevent thromboembolic events 
(Nishimura, et al., 2014).

Surgical and Catheter-Based Treatment of Chronic Rheumatic Heart Disease
As noted above, the primary indications for surgical or catheter-based intervention in chronic RHD are the 
development of cardiovascular symptoms and/or decreased left ventricular function. Additionally, if a patient 
with multivalvular disease meets the criteria for intervention on one valve, the team should consider 
concurrently addressing the other involved valves, even if the valves don’t individually meet the criteria, in order 
to limit future additional surgeries (Nishimura, et al., 2014). The timing of surgery in children, especially 
asymptomatic children, is particularly challenging, as chronic RHD often exhibits a lifetime of progression, and 
the risk of recurrent ARF is highest during youth. Absent specific guidelines for children, most clinicians 
extrapolate from the adult guidelines (Nishimura, et al., 2014). Decisions on the type of surgical intervention and 
on surgery vs. catheter intervention are complex and cannot be covered here in full. More complete 
recommendations were published by the American Heart Association and American College of Cardiology in 
2014 and should be consulted prior to making these decisions (Nishimura, et al., 2014).

Mitral Valve Repair vs. Mitral Valve Replacement
When a good result can be achieved, mitral valve repair is preferable to mitral valve replacement, particularly in 
children (Wang, Zhou, Gu, Zheng, & Hu, 2013). Techniques to repair the mitral valve include classical 
approaches such as thinning of the anterior mitral leaflet, commisuroplasty, and mitral annuloplasty (Talwar, 
Rajesh, Subramanian, Saxena, & Kumar, 2005a; Kitamura, Uemura, Kunitomo, Utoh, & Noji, 2000; Chauvaud, et 
al., 1986; Rumel, Vaughn, & Guibone, 1969), as well as newer techniques such as tricuspid autografts, neo-
chordae, and pericardial patches (El Oumeiri, et al., 2009; Pomerantzeff, et al., 2009). A 2013 meta-analysis that 
compared mitral valve repair to mitral valve replacement found lower early and late mortality and fewer major 
adverse events in patients undergoing mitral valve repair. As compared to replacement, repair avoids the need 
for anticoagulation, and a decrease in hemorrhage and thromboembolic complications contributed to the 
reduction in risk. However, patients undergoing repair showed a higher rate of re-operation (Wang, Zhou, Gu, 
Zheng, & Hu, 2013). In most populations, the authors concluded that repair should be favored over replacement, 
though they have still accepted the potential need for re-operation (Wang, Zhou, Gu, Zheng, & Hu, 2013). 
However, in resource-limited settings (particularly those without self-sustained cardiovascular surgery 
programs), operative decisions need to account both for the risks of anticoagulation (which favors repair or the 
use of bioprosthetic valves) and the feasibility of re-operation (which favors replacement).

Surgical Mitral Valvotomy vs. Catheter-based Valvotomy
In selected patients and in the hands of a skilled operator, percutaneous mitral balloon valvotomy shows 
comparable results to open mitral commissurotomy, with high success rates. Percutaneous intervention is also 
highly effective in juvenile rheumatic mitral stenosis, and when possible, should be attempted as the primary 
procedure (Karur, Veerappa, & Nanjappa, 2014). Selection of patients with favorable mitral valves predicts 
success. Patients that are most likely to have immediate and lasting improvement have valves that are non-
calcified, relatively mobile, and that lack severe leaflet thickening or subvalvular pathology (Wilkins, Weyman, 
Abascal, Block, & Palacios, 1988). Pre-existing left atrial thrombus and/or significant mitral regurgitation are 
relative contraindications to a percutaneous approach (Nishimura, et al., 2014). Current practice favors earlier 
intervention in patients who meet criteria for percutaneous intervention, with practitioners waiting longer to 
intervene if a surgical approach is needed (Nishimura, et al., 2014; Carabello, 2005).

Management of RHD during Pregnancy
Another aspect of management for RHD occurs during pregnancy, due to its associated increase in cardiac 
output. By monitoring pregnant women with RHD, healthcare providers can ensure that the extra cardiac output 
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during pregnancy does not lead to heart damage or failure in RHD patients—especially since in some cases, the 
presence or severity of RHD may only become apparent during pregnancy, and as a result, secondary 
prophylaxis would not have been previously administered (Sawhney, et al., 2003). This management involves 
careful family planning through use of contraceptives, education about the risks of pregnancy, and the use of an 
anticoagulant that ensures both maternal and fetal safety.

Prevention of ARF and RHD

Group A Streptococcus, Acute Rheumatic Fever, and Rheumatic Heart 
Disease
Streptococcus pyogenes, also known as group A Streptococcus, is a Gram-positive bacterial pathogen responsible 
for a range of human diseases (Walker, et al., 2014). Superficial S. pyogenes infections, such as pharyngitis and 
impetigo, do not require long-term care. Nevertheless, these diseases are significant due to their prevalence and 
the required use of antibiotics for treatment that may be scarce in low-resource settings. Furthermore, superficial 
infections can lead to serious invasive diseases, including toxic shock, necrotizing fasciitis, and cellulitis 
(Moreland, et al., 2014). S. pyogenes infections can also lead to post-infectious, immune-mediated sequelae, 
which require costly, long-term treatment.

The most significant sequelae to S. pyogenes infection are ARF and RHD, and there are many strategies available 
to prevent these diseases. The challenge is to ensure that they are available in all settings, including resource-
constrained environments, and that novel strategies are explored to help eliminate or eradicate ARF and RHD.

Primordial Prevention
Primordial prevention for ARF refers to the reduction of risk factors for S. pyogenes exposure and infection in 
susceptible individuals, given that these factors and infections would normally precede ARF (ARF/RHD Writing 
Group, 2012). While often underemphasized, primordial prevention is the major explanation for the control of 
ARF and RHD that occurred in affluent settings during the 20th century (Gordis, 1985). Figure 3 demonstrates 
that the major reduction in RF deaths in the USA occurred prior to the availability of antibiotics—these 
reductions can be attributed to improved living conditions and reductions in poverty (Gordis, 1985).

One poverty-associated risk factor for S. pyogenes infection is household crowding (Maguire, Carapetis, Walsh, 
& Brown, 2012; Rheumatic Fever Working Party of the Medical Research Council of Great Britain and the Sub-
Committee of the Principal Investigators of the American Council on Rheumatic Fever and Congenital Heart 
Disease, American Heart Association, 1965; Gordis, Lilienfeld, & Rodriguez, 1969). The effects of overcrowding 
were analysed in a study showing that when beds were moved closer to one another in military barracks, rates of 
S. pyogenes infection increased (Wannamaker, 1954). Another study in Australia found a strong association 
between overcrowded housing in Aboriginal communities and rates of streptococcal impetigo (McDonald, et al., 
2006). The association is highly plausible because crowding allows for rapid S. pyogenes bacterial transmission. 
Thus, the improvement of housing is crucial to preventing the spread of S. pyogenes infections.

Another potential risk factor for S. pyogenes infection is poor nutrition in childhood (Steer, Carapetis, Nolan, & 
Shann, 2002). While this factor may merely be correlated with overcrowded housing, rather than being solely 
responsible for S. pyogenes infection susceptibility, insufficient nutrition can alter antibody responses, with 
evidence that poorly-nourished individuals may be more likely to develop ARF subsequent an S. pyogenes 
infection (Steer, Carapetis, Nolan, & Shann, 2002). Overall, risk factors resulting from poverty are associated 
with high rates of ARF and RHD, making it crucial to tackle these factors and avoid the requirement for 
expensive treatments and reductions in the quality of life once individuals have already contracted S. pyogenes 
infections, ARF, and RHD.
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Primary Prevention
While primordial prevention addresses the socioeconomic risk factors for S. pyogenes infection, primary 
prevention serves to prevent S. pyogenes colonization, infection, and transmission, as well as preventing the 
spread of S. pyogenes infections (ARF/RHD Writing Group, 2012).

The most desirable primary prevention method is vaccination against the S. pyogenes bacterium, which would 
prevent S. pyogenes colonization and infection, and thus prevent post-infectious sequelae, such as ARF and RHD 
(Sheel, Moreland, Fraser, & Carapetis, 2016). Based on the range of diseases caused by S. pyogenes that include 
superficial, invasive infections to post-infectious sequelae, a vaccine against S. pyogenes could effectively prevent 
all of these S. pyogenes-mediated diseases (Sheel, Moreland, Fraser, & Carapetis, 2016). However, few 
pharmaceutical companies have shown interest in developing an S. pyogenes vaccine until recently. This may be 
partially due to antibiotics being readily available to treat S. pyogenes pharyngitis in wealthy areas, which makes 
a vaccine potentially unnecessary. Until an effective, globally-relevant S. pyogenes vaccine reaches the market, 
other methods must be relied upon to prevent the development of invasive infection and post-infectious 
sequelae upon S. pyogenes infection.

The current mainstay of primary prevention of ARF and RHD is the administration of antibiotics for S. pyogenes 
pharyngitis (ARF/RHD Writing Group, 2012), which eliminates bacteria before they can trigger an autoimmune 
response. To treat pharyngitis and prevent ARF, healthcare providers may administer one dose of intramuscular 
BPG or a ten-day course of oral penicillin or amoxicillin, commencing within nine days of the onset of the S. 
pyogenes infection (Bass, Crast, Knowles, & Onufer, 1976; Lennon, Farrell, Martin, & Stewart, 2008; Clegg, et al., 
2006; Robertson, Volmink, & Mayosi, 2005). This is known as primary prophylaxis.

There are two main strategies to the implementation of primary prophylaxis. The first involves the incorporation 
of primary prevention efforts, such as administering antibiotics following S. pyogenes infection, into primary 
health care delivery efforts, while another strategy could involve a systematic surveillance approach for 
identifying and treating S. pyogenes throat infections at the community level. In almost all settings, the more 
practical strategy would be the implementation of primary prophylaxis into primary care delivery efforts; 
however, in resource-poor settings, various challenges (such as poor health seeking behaviors in those who may 
have a sore throat), the logistics, cost, limited supply, availability and timely delivery of BPG may hinder this 
approach (Karthikeyan & Mayosi, 2009). For effective primary prophylaxis intervention, individuals with sore 
throats must present for health care; health staff must have awareness, the appropriate training and resources to 

Figure 3. Crude death rates from rheumatic fever in the USA, 1910–1977. Figure reproduced from (Gordis, 1985) with permission.
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diagnose and treat S. pyogenes pharyngitis; and finally, the treatment must be delivered and the treatment 
schedule followed. Very few resource-poor countries are capable of providing these key elements in their 
entirety, in addition to the added cost and limited feasibility of obtaining a bacteriological diagnosis, leaving the 
diagnosis of S. pyogenes pharyngitis using imperfect clinical algorithms as the only practical option.

However, even under ideal circumstances, primary prophylaxis may potentially prevent a minority of ARF cases, 
since many ARF episodes do not follow a significant sore throat, with outbreaks of ARF documented over the 
past decades in Utah (Veasy, et al., 1987), Columbus (Hosier, Craenen, Teske, & Wheller, 1987), Ohio (Congeni, 
Rizzo, Congeni, & Sreenivasan, 1987), and Pennsylvania (Wald, Dashefsky, Feidt, Chiponis, & Byers, 1987). 
Although the cause of these particular outbreaks remains unknown and they affected mainly mid-
socioeconomic family groups, there is a possibility that they may have been related to particularly virulent 
bacterial strains or other factors.

Discouraging as this may be, primary prophylaxis remains an important step for preventing new episodes of 
ARF and the subsequent development of RHD. Encouraging sore throat presentations along with the correct 
diagnosis and appropriate treatment of S. pyogenes infections remains a significant means of preventing new 
episodes of ARF; however, this may have a minimal impact on the incidence of ARF at the population level 
(Carapetis, 2010).

An alternative strategy that could be undertaken is active surveillance of at-risk children in an effort to diagnose 
and appropriately treat S. pyogenes pharyngitis. This has been attempted in different ways, although the more 
common approach is through the utilization of a school-based sore throat surveillance system (Lennon, Stewart, 
Farrell, Palmer, & Mason, 2009). The only rigorous study of this approach was a large randomized trial 
conducted in New Zealand that found a 22–28% non-significant reduction in ARF incidence in schools with 
sore-throat clinics (Lennon, Stewart, Farrell, Palmer, & Mason, 2009). Despite the lack of statistical significance 
found in this study, New Zealand has since embarked on a large implementation of school-based sore throat 
surveillance and treatment, combined with a number of other strategies to try to reduce the incidence of ARF. 
An interim evaluation found evidence of a significant reduction in ARF incidence that was confined to the 
region of the country with the highest incidence rate, but was not directly attributable to the sore throat clinics 
in schools (Jack, et al., 2015). Moreover, the approach that was undertaken in New Zealand was costly and 
expensive, and unlikely to be affordable in the vast majority of countries with a high incidence of ARF. At this 
stage, active sore throat surveillance and treatment remains a costly exercise and may not be routinely 
recommended.

There is some evidence that skin infection may play a role in the pathogenesis of ARF (Williamson, et al., 2015), 
which raises the prospect that control of skin infections may lead to subsequent reductions in ARF incidence. 
There is also considerable momentum currently in Australia around community-based interventions to control 
skin infections and underlying scabies (Andrews, McCarthy, Carapetis, & Currie, 2009; Steer, et al., 2016) but the 
potential for this to be a form of primary prevention for RF and RHD remains unproven. While primary 
prevention measures are necessary to ensure that S. pyogenes throat or possibly skin infections do not lead to 
ARF, the challenge remains for the implementation of these available strategies in resource-constrained settings. 
The development of a S. pyogenes vaccine would greatly facilitate primary prevention in these areas.

Secondary Prevention
The goal of secondary prevention of ARF and RHD (otherwise known as secondary prophylaxis), is to prevent 
recurrence of S. pyogenes infection in those previously diagnosed with ARF (Wyber, et al., 2014). The most 
effective approach to secondary prophylaxis involves the use of benzathine penicillin G (BPG), the long-acting 
depot form of penicillin G (Medsafe, 2012; Stollerman & Rusoff, 1952; Stollerman, Markowitz, Taranta, 
Wannamaker, & Whittemore, 1965). Once BPG is intramuscularly injected, the drug is slowly released from the 
muscle into the systemic circulation, where it is activated via in-vivo hydrolysis, and produces prolonged serum 
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concentrations of benzylpenicillin (Medsafe, 2012). This prolonged release BPG formulation is vital for the 
treatment and prevention of ARF and RHD, where serum concentrations of benzylpenicillin are expected to 
remain at or above 0.02 μg/ml, the accepted minimum inhibitory concentration (MIC) for preventing S. 
pyogenes colonization and preventing ARF recurrences (Gutmann & Tomasz, 1982; Currie B. , 2006; Medsafe, 
2012).

The use of oral penicillin V is an alternative regimen, but even with 100% adherence, it is not as protective 
against recurrent S. pyogenes infection or ARF as BPG (Manyemba & Mayosi, 2003). Most patients who report 
an allergy to penicillin may not necessarily have experienced an allergic reaction to the drug, but since penicillin 
is the drug of choice for secondary prophylaxis, it is recommended that a thorough assessment of possible 
penicillin hypersensitivity be conducted before accepting that an ARF or RHD patient cannot receive penicillin 
prophylaxis. In these rare circumstances, the American Heart Association recommends sulfadiazine or 
sulfasoxazole, or an oral macrolide or azalide as a suitable alternative (Gerber, et al., 2009).

To maintain protective serum concentrations, the recommended regimen for secondary prophylaxis requires the 
injection of 1.2 million units of BPG once every four weeks for a minimum of 10 years, and in some cases, even 
for a lifetime (Wyber, et al., 2014). While current protocols for secondary prophylaxis suggest four-weekly BPG 
injections, pharmacokinetic studies show that serum penicillin G levels may be below the minimum inhibitory 
concentration (MIC) detection level of 0.02 μg/ml for S. pyogenes by 10–21 days after injection (Broderick, et al., 
2011; Neely, Kaplan, Blumer, Faix, & Broderick, 2014). More frequent BPG dosing has been suggested 
(Broderick, et al., 2011; Neely, Kaplan, Blumer, Faix, & Broderick, 2014); however, adherence to such intensive 
injection schedules may be problematic. Despite the low serum penicillin G levels, current evidence suggests that 
dosing BPG every 28 days can prevent recurrences of ARF (ARF/RHD Writing Group, 2012). Therefore, the 
World Heart Federation recommends BPG injections every four weeks for those on secondary prophylaxis, 
unless the patient has a history of breakthrough ARF recurrence on prophylaxis or lives in a particularly high-
risk setting. While more frequent administration may offer better protection, the recommendation for BPG 
injection every four weeks is also influenced by patient acceptability, adherence rates, logistical barriers, and 
costs involved with the delivery of secondary prophylaxis, as well as the supply of high quality penicillin. In New 
Zealand, where dosing once every four weeks has long been the standard of care, the recurrence rates of ARF 
remain low (Pennock, et al., 2014; Robin, Mills, Tuck, & Lennon, 2013; Siriett, Crengle, Lennon, Stonehouse, & 
Cramp, 2012; Spinetto, Lennon, & Horsburgh, 2011).

Even with the use of injections every four weeks, rather than more frequent BPG administration schedules, 
patient adherence to secondary prophylaxis is often low (Gasse, et al., 2013). While adherence to as few as 80% 
of BPG doses can significantly lower a patient’s chances of contracting an S. pyogenes infection, in some regions 
with high rates of RHD, nearly half of all patients fail to meet this threshold (Spinetto, Lennon, & Horsburgh, 
2011). Moreover, it is suspected that in low socioeconomic populations of many countries, access to and 
availability of BPG is so problematic that most ARF and RHD patients receive no secondary prophylaxis at all.

There are many community-specific barriers for the adherence of BPG secondary prophylaxis schedules, which 
can include poor healthcare delivery, a lack of relationships with local healthcare providers, limited availability of 
transportation, and fear of anaphylaxis (Gasse, et al., 2013; Huck, et al., 2015; Musoke, et al., 2013; Tullu, Gandhi, 
& Ghildiyal, 2010; Stewart, McDonald, & Currie, 2007). These barriers must be addressed by tailoring 
implementation of secondary prophylaxis to the needs of those receiving treatment. There are also secondary 
prophylaxis adherence barriers that are shared across ARF and RHD patients, which could potentially be 
addressed through BPG reformulation. One significant example that is responsible for lack of patient adherence 
to secondary prophylaxis is the frequency of injections. This is particularly problematic in remote and low-
resource areas, where patients may not be able to access clinics every four weeks (Mincham, Toussaint, Mak, & 
Plant, 2003; Huck, et al., 2015). The pain associated with the monthly BPG intramuscular injections is also 
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another significant factor, as children in particular often comment on the pain they experience when receiving 
their injections (Gasse, et al., 2013; Stewart, McDonald, & Currie, 2007; Huck, et al., 2015).

Difficulties with the administration of BPG injections are exacerbated by the use of a powdered BPG 
formulation, which often crystallizes and causes needle blockage after resuspension in diluent (Public Health 
Agency of Canada, 2013). The alternate, premixed formulation of BPG requires refrigeration and is very 
expensive, making it impractical for use in remote locations (Currie B. , 2006). Therefore, the pain and 
inconvenience of secondary prophylaxis remains inevitable whenever the premixed formulation of BPG cannot 
be used.

There are also concerns that even those who adhere to treatment schedules may not be receiving high-quality 
BPG (Wyber, Taubert, Marko, & Kaplan, 2013). The issue of needle-blockage has raised concerns about the 
quality of BPG, since it is unclear whether this problem is caused by the active ingredient or by contaminants 
and by-products, which may also cause allergic reactions and anaphylaxis. Furthermore, concerns have also 
been raised as to whether available formulations of BPG contain enough of the active ingredient to protect 
patients for the expected drug-release period (Currie, 1996; Currie, Burt, & Kaplan, 1994; Lue, Wu, Hsieh, Lin, 
Hsieh, & Chiou, 1986; Lue, Wu, Wang, Wu, & Wu, 1994; Lue, Wu, Wang, Wu, & Wu, 1996; Broderick, Hansen, 
Russell, Kaplan, Blumer, & Faix, 2011). Limited global data are available on the quality of BPG, and there are few 
quality control guidelines in place for BPG manufacturing (Wyber, Taubert, Marko, & Kaplan, 2013). Thus, 
secondary prophylaxis patients may not be receiving high-quality BPG, which increases their risk of contracting 
S. pyogenes infections. In the long term, concerns regarding BPG quality and low secondary prophylaxis 
adherence must be addressed through the development of a safe, effective and less painful BPG reformulation 
that supports adherence. The preferred characteristics of a long-acting BPG reformulation that could improve 
adherence to secondary prophylaxis schedules were recently published (Wyber, et al., 2016). These 
characteristics included a BPG reformulation that was less painful and featured an extended dose interval, 
therefore reducing dose frequency, was heat stable, and is cheaper than currently available products (Wyber, et 
al., 2016). Secondary prophylaxis for ARF and RHD is crucial in preventing cardiac damage in patients, often 
children, with a history of ARF. Thus, it is important to improve the delivery and effectiveness of secondary 
prophylaxis.

Tertiary Prevention
Tertiary prevention refers to the provision of medical and surgical interventions to prevent morbidity and 
mortality from cardiac damage that has resulted from ARF (ARF/RHD Writing Group, 2012; World Health 
Organization). These interventions include management of heart failure, anticoagulation, arrhythmia, 
prevention of endocarditis and pregnancy-related complications, along with surgical interventions (Remenyi, 
Carapetis, Wyber, Taubert, & Mayosi, 2013a)—these are covered in previous sections.

Tools for the Prevention of ARF and RHD: Register-Based Control of RHD
The purpose of a register-based approach to RHD control is to improve the delivery of secondary prophylaxis by 
keeping track of those who are receiving treatment (Carapetis & Zühlke, Global research priorities in rheumatic 
fever and rheumatic heart disease, 2011). The use of registers as a tool to improve delivery of secondary 
prevention for ARF and RHD was first established across the USA in the 1950s, and while the significant 
decreased prevalence of ARF and RHD in the USA cannot be solely attributed to these programs, the register-
based approach is still considered to be an effective tool (McDonald, Brown, Noonan, & Carapetis, 2005). Due to 
the success of registers in the USA, the WHO launched a register for ARF and RHD control in 1972 (McDonald, 
Brown, Noonan, & Carapetis, 2005). These WHO-coordinated registers were established in various locations, 
and while the use of these registers differed based on location, the proportion of individuals receiving ten or 
more doses of BPG per year increased for patients on the register (Strasser, et al., 1981). This study revealed that 
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a register-based approach could significantly improve the delivery of secondary prophylaxis, though the registers 
in this study did have lower coverage rates (McDonald, Brown, Noonan, & Carapetis, 2005).

The WHO-coordinated registers were replaced in 1990 with a global program that helped establish registers in 
16 countries, but funding for this program ended in 2001 (Thornley, McNicholas, Baker, & Lennon, 2001). Since 
then, few countries have been able to establish significant regional or national registers.

It is important to distinguish between a register, which is a database used to monitor and improve patient care, 
and a control program, which may use a register as its core data collection tool, but which also incorporates 
broader strategies around patient care, disease control, and education. The most successful RHD control 
programs currently in use are based in New Zealand and Australia (Thornley, McNicholas, Baker, & Lennon, 
2001). The New Zealand approach includes management and surveillance programs, where management 
programs coordinate delivery of secondary prophylaxis through nursing services, while surveillance programs 
keep track of those receiving prophylaxis without providing the treatment themselves (Thornley, McNicholas, 
Baker, & Lennon, 2001). Overall, these two types of registers are effective because they both help track RHD 
prevalence and centralize treatment delivery (Thornley, McNicholas, Baker, & Lennon, 2001). Overall, a register-
based approach may help ensure consistent delivery of secondary prophylaxis as well as medical and surgical 
care to ARF and RHD patients, which will help lower the recurrence of ARF and morbidity and mortality from 
RHD. This approach can help prevent cardiac damage, which is costly and detracts from patients’ quality of life.

Conclusion
The progression of RHD, beginning with S. pyogenes infection and continuing through ARF and subsequent 
cardiac valve damage, offers many opportunities for the prevention of “the next step” in disease prognosis. Thus, 
it is important to ensure that areas with high rates of ARF and RHD have adequate resources for all of these 
stages of prevention. These include programs to improve housing and sanitation, antibiotics to treat S. pyogenes 
infection and an S. pyogenes vaccine (once developed), a stable supply of high-quality BPG for those diagnosed 
with ARF, and access to appropriate medical and surgical treatments to treat cardiac damage.

These strategies are not equally effective in preventing ARF and RHD, nor have they been assigned equal focus. 
While efforts have been directed towards improving access to secondary prophylaxis, fewer resources have been 
dedicated to preventing the initial attack of ARF through vaccine development, and even more fundamentally, 
through the improvement of housing and sanitation in resource-poor areas. While it is crucial to improve the 
delivery of secondary prophylaxis by ensuring that BPG is available and that dosing strategies are effective in 
those receiving this treatment, and while secondary prophylaxis has been determined to be cost-effective, this 
does not mean efforts should only be directed at this prevention effort (Steer & Carapetis, 2009). While cardiac 
surgery would ideally be made accessible to those who have been impacted by RHD, this strategy is costly and 
may not necessarily ensure a high quality of life for those affected. It is crucial that investment also be directed at 
primordial and primary prevention of S. pyogenes infection; for, as observed through the rarity of ARF and RHD 
in wealthy communities, the prevention and treatment of initial infection through less crowded housing, 
vaccination, and the treatment of S. pyogenes pharyngitis (and possibly skin infection), can prevent ARF and 
RHD (Steer & Carapetis, Prevention and treatment of rheumatic heart disease in the developing world, 2009). 
Secondary and tertiary prevention strategies certainly prevent cardiac damage and death from ARF and RHD, 
but primordial and primary prevention strategies can prevent the onset of these conditions in the first place, 
which will ultimately help eliminate (or ideally, eradicate) ARF and RHD.

Vaccine Development

The Development of a Vaccine for Streptococcus pyogenes
Please refer to the following chapter article in this series:
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Ferretti, J. J., Stevens, D. L., & Fischetti, V. A. (2016). Current Approaches to Group A Streptococcal Vaccine 
Development--Streptococcus pyogenes: Basic Biology to Clinical Manifestations.

The CANVAS Initiative to Facilitate S. pyogenes Vaccine Development
To make a safe and effective S. pyogenes vaccine available for use, vaccine development efforts must be 
complemented by projects that facilitate the development and distribution of this vaccine. One such project is 
the trans-Tasman CANVAS (Coalition to Advance New Vaccines for Group A Streptococcus) initiative, which 
offers three deliverables to accelerate S. pyogenes vaccine development (Steer, et al., 2016). One deliverable is an 
economic evaluation, which will help determine whether investment in a S. pyogenes vaccine is economically 
viable (Steer, et al., 2016). Based on the high costs of treatment for S. pyogenes-mediated diseases such as ARF 
and RHD, it is likely that vaccination against S. pyogenes will be cost-effective, particularly in developing nations 
with high rates of ARF and RHD (Steer & Carapetis, 2009; Steer, et al., 2016). Furthermore, pharmaceutical 
companies, including Merck and GSK, as well as governmental organizations have supported S. pyogenes vaccine 
development in the past (Steer, et al., 2016). Overall, while a rigorous economic evaluation of a potential S. 
pyogenes vaccine has yet to be published, it is likely that the development of a S. pyogenes vaccine will be 
economically efficient, due to the high duration of treatment for S. pyogenes-mediated diseases, such as ARF and 
RHD, and the loss of productivity that is due to the severity of these diseases (Sheel, Moreland, Fraser, & 
Carapetis, 2016).

The CANVAS initiative seeks to create a panel composed of a selection of the most common strains of S. 
pyogenes, which would help determine which strains should be covered by a vaccine. Current vaccine candidates 
will be tested against this panel (Sheel, Moreland, Fraser, & Carapetis, 2016). These CANVAS initiative projects 
aim to facilitate the rapid development and availability of a S. pyogenes vaccine.

Conclusions
The need for a vaccine against S. pyogenes is evident, given the high rates of S. pyogenes infection globally and the 
severity of some S. pyogenes-mediated diseases, particularly in low-resource areas. Unfortunately, efforts to 
develop a S. pyogenes vaccine have been hindered by safety concerns and by lingering perceptions that S. 
pyogenes infections are harmless or easily treatable, since invasive infections and post-infectious sequelae are 
rare in wealthy regions, which are where vaccine development will likely take place. The development of a safe 
and effective vaccine against S. pyogenes will help prevent severe diseases that often affect children, and will 
improve the quality of life for individuals susceptible to S. pyogenes infections, particularly in developing 
countries and in indigenous populations in wealthy nations.
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