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Prevention and treatment of rheumatic heart
disease in the developing world

Andrew C. Steer and Jonathan R. Carapetis

Abstract | The prevalence of rheumatic heart disease (RHD) in industrialized countries has declined
dramatically over the last century, but the disease remains an important global health problem with the
burden of disease shouldered by developing countries. Indeed, data from epidemiologic surveys, which used
echocardiography as the primary screening tool, indicate that the prevalence of RHD in developing nations
might have been substantially underestimated. Despite the high burden of disease globally, there has never
been a sustained and comprehensive international strategy to control RHD. The current focus of global efforts
to combat the disease is on strengthening secondary prophylaxis strategies, although very few active national
programs have been implemented. RHD will continue to cause high morbidity and mortality among the world’s
poorest populations unless current prevention initiatives expand and new programs are established.
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Introduction

The incidence and prevalence of acute rheumatic fever
(ARF) and rheumatic heart disease (RHD) in the indus-
trialized world have steadily decreased since the begin-
ning of the twentieth century. In the early part of the
last century, the incidence of ARF in many areas of
the US was over 200 cases per 100,000 in children aged
5-15 years, and many hospitals had entire wards devoted
to children with ARFE.! Today, clinicians in industrial-
ized countries can expect to encounter only a single case
of ARF during their career. Only 503 hospitalizations
for ARF were reported in a study of more than 2.5 million
hospital discharges from 2,784 institutions in 27 US
states during 2000.> However, ARF and RHD remain
major health issues in most low-income and many
middle-income countries. In this Review, we describe
the pathophysiology and epidemiology of these condi-
tions, as well as current and future approaches to their
prevention and treatment.

Definitions and pathophysiology
ARF is an immune-mediated, multisystem inflamma-
tory disease that follows group A streptococcal infection.
This condition is characterized by tissue inflammation
that gives rise to typical clinical characteristics, includ-
ing carditis, valvulitis, arthritis, chorea, erythema margin-
atum, and subcutaneous nodules. The long-term effects of
AREF on all tissues, except the cardiac valves, are minimal.
Carditis occurs in 30-80% of patients with ARF, and at
least 60% of untreated patients develop chronic RHD.**
The exact pathogenic mechanisms of ARF and RHD
are not clear. However, an interaction between a group
A streptococcal strain with unknown ARF-causing
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characteristics (not all group A streptococci have been
causally associated with ARF) and a host with inher-
ited susceptibility (the nature of which is also unclear)
seems to lead to an abnormal immune response and the
development of autoimmunity.” Both cross-reactive anti-
bodies and cross-reactive T cells are believed to have a
role in the disease. Molecular mimicry between group A
streptococcal antigens and human host tissue is thought
to be the basis of this cross-reactivity.® This mechanism
has been best documented with a-helical cardiac proteins,
such as myosin, laminin, and vimentin.’ Several putative
cross-reactive epitopes are expressed on group A strepto-
cocci including, among others, M-protein and N-acetyl
glucosamine.’ Inflammation leads to neovascularization,
which enables further recruitment of T cells, leading to
granulomatous inflammation and the establishment of
chronic RHD." Repeated episodes of ARF lead to further
inflammatory damage and subsequent scarring of cardiac
valves. The aim of secondary penicillin prophylaxis is to
prevent worsening RHD by reducing the incidence of
recurrent ARE!

Traditionally, ARF was thought to follow group A
streptococcal pharyngitis, but not group A strepto-
coccal impetigo.'! However, some research has indi-
cated that strains of group A streptococci commonly
found on the skin could have a role in the pathogenesis
of ARF—potentially by an immune-priming mechanism,
or by movement of strains from skin to throat, although
this evidence is not conclusive.'>"'* Confirmation of this
hypothesis would necessitate a reappraisal of primary
prevention strategies, because primary prevention cur-
rently focuses only on treatment of group A streptococcal
pharyngitis and not impetigo.

RHD predominantly affects the mitral valve and, less
commonly, the aortic valve. Mitral valve incompetence
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Key points

= Rheumatic heart disease refers to the chronic cardiac sequelae that follow
acute rheumatic fever—a multisystem, autoimmune disease caused by group A
streptococcal infection

= Rheumatic heart disease is a substantial global health problem that
predominantly occurs in developing countries

= Primary prophylaxis for rheumatic heart disease is effective on the individual level

= The current focus of global efforts to combat rheumatic heart disease is on
strengthening secondary prophylaxis programs

= A group A streptococcal vaccine could be the ultimate means of preventing
rheumatic heart disease in the long-term, but availability of a safe and effective
vaccine is several years away

= Rheumatic heart disease will continue to be a global problem unless current
prevention initiatives are expanded and sustained

is the most common valvular lesion in patients with
RHD, particularly in the early stages of the disease.
Mitral stenosis develops later as a result of persistent or
recurrent valvulitis, although rapid progression to mitral
stenosis has been described in some developing coun-
tries.>'>"17 Patients with mitral incompetence can remain
relatively asymptomatic for up to 10 years, as a result of
compensatory left atrial and left ventricular dilatation
before the onset of left ventricular systolic dysfunction.'®
Tricuspid regurgitation can occur as a result of volume
overload, usually caused by mitral stenosis.

RHD in developing countries

When ARF was initially described, in 1931, it was
believed to be a disease of temperate countries that
was exceedingly rare in tropical zones." However, deter-
mining whether this belief was well founded is difficult
because of a lack of data from developing countries in
the first half of the twentieth century. What is clear is
that ARF and RHD are currently important causes of
acquired heart disease in developing countries. A review
of the global burden of RHD published in 2005 estimated
that 80% of the 15.6 million cases of RHD worldwide
were in developing countries.?® The authors of this
review also estimated that more than 200,000 new cases
of RHD and 180,000 RHD-related deaths occur each
year in the developing world. Theoretically, the predomi-
nance of ARF and RHD could have shifted from tem-
perate to tropical regions in the last 50 years because of
improvements in hygiene and sanitation in industrialized
nations, followed by the rapid shift of populations into
overcrowded urban areas in developing countries.?! The
more likely explanation, however, is that ARF and RHD
have been present at their current prevalence in tropical
developing countries for a considerable period of time,
but simply have not been documented.

The most reliable estimates of RHD prevalence are
derived from formally conducted surveys, generally of
school children aged between 5 and 18 years.?>?* Before
the advent of echocardiography, these surveys were
conducted by auscultation alone. Echocardiographic
confirmation of clinical RHD provides more accurate

assessments of prevalence.” In a systematic review of
studies that used echocardiographic confirmation of RHD
detected by auscultation, the prevalence of clinically
apparent RHD in children in developing countries
was found to be between 1 and 3 cases per 1,000.”* The
prevalence of RHD increases after childhood—peaking
in adults aged 20-40 years—and the number of cases of
RHD in school-aged children, therefore, represents less
than 20% of the cases in the whole population.?

Regional variation is evident in the epidemiology
of RHD, with a higher prevalence in Africa (5.7 cases
per 1,000 school-aged children) and the Pacific region
(Melanesia, Micronesia, Polynesia, plus indigenous
Australians, the Maori, and Pacific Islanders in New
Zealand; 3.5 cases per 1,000 school-aged children) than
in other regions.?* Nonetheless, RHD is also an important
cause of cardiovascular morbidity in the Middle East,
Latin America, and Asia.”*** Although good-quality data
on ARF incidence are lacking for most of these regions,
particularly for Africa,” high rates of ARF have been
reported,” predominately in the Pacific region,*?%*
including in indigenous populations of Australia and
New Zealand.?%

Advances in epidemiology

Two studies of school screening for RHD, performed in
Mozambique and Cambodia between 2001 and 2005,
used echocardiography as the primary screening tool.*
The prevalence of RHD detected by echocardiographic
screening was 13 times greater than that detected by
auscultatory screening in Mozambique (30.4 cases per
1,000 vs 2.3 cases per 1,000) and 10 times greater than
for auscultation alone in Cambodia (21.5 cases per 1,000
vs 2.2 cases per 1,000). Comparable results were found
in Tonga, where a similar methodology was used (33.2
cases per 1,000 for echocardiography).*! In all three of
these studies, the majority of lesions detected by echo-
cardiography, but missed by auscultation, were mild.*
These studies have generated debate in the scientific com-
munity.*>~** On the one hand, detection of mild lesions
is important because children with mild disease stand to
benefit most from secondary prophylaxis. On the other
hand, evaluation of the mitral valve by Doppler and two-
dimensional imaging is subtle and subjective, and poten-
tial for over-interpreting normal physiological changes
exists, leading to incorrect diagnoses and overestimation
of disease burden.

The question of whether mild changes on echocardio-
graphy truly represent subclinical RHD urgently requires
an answer. The ideal approach to this issue would involve
careful follow-up of patients with subclinical lesions to
determine whether their disease evolves in a similar
way to clinically apparent RHD, and whether secondary
prophylaxis improves patient outcome. However, this
type of study presents important ethical issues, given
that children with good adherence to secondary pro-
phylaxis would be compared with those who had poor
adherence. In the absence of such a study, more definitive
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echocardiographic screening data from children at low
risk of ARF and RHD are needed to determine the
normal values for Doppler and two-dimensional valvu-
lar measurements. These normal ranges could then be
applied to echocardiographic screening studies in high-
risk populations, to easier distinguish children with
pathological subclinical valve lesions from those who
have normal levels of valvular regurgitation.

Prevention and management of RHD

The different approaches to prevention and management
of RHD are summarized in Figure 1. Although estab-
lished approaches to primary and secondary prevention
of ARF exist, medical and surgical management of estab-
lished RHD are the mainstay of efforts to reduce mortal-
ity in most countries, including in developing nations
that can least afford these treatments. ‘Preprimary’ or
‘primordial’ prevention is another important considera-
tion; evidence in support of primordial prevention comes
partly from the observation that dramatic reductions
in ARF and RHD in industrialized countries largely
occurred before the introduction of penicillin. These
reductions are thought to be the result of social change,
such as improvements in hygiene and access to medical
care, and reductions in overcrowding.** A vaccine to
prevent group A streptococcal infection could provide
the greatest hope for curbing ARF and RHD in many
developing countries.

Primary prevention

Studies from the 1940s and 1950s, of US military
recruits, clearly demonstrated that penicillin treat-
ment for group A streptococcal pharyngitis can prevent
AREF?**¥ This finding was supported by a meta-analysis
that included ten trials conducted between 1950 and
1961, eight of which enrolled adults stationed on mili-
tary bases in the US.*® The overall protective effect of
antibiotics was impressive—reducing the risk of a patient
with group A streptococcal pharyngitis from develop-
ing ARF by around 70% (relative risk [RR] 0.32, 95% CI
0.21-0.48). The number needed to treat to prevent one
case of ARF was 53. Strategies to ensure that strepto-
coccal pharyngitis is accurately diagnosed and appropri-
ately treated (‘primary prophylaxis’) form the mainstay
of recommendations for primary prevention from the
WHO and other authorities.?**

Difficulties in implementing strategies for primary
prophylaxis in developing countries have been acknow-
ledged by the WHO.* Most low-income countries have a
shortage of skilled health-care personnel at the primary-
care level and poor access to, or inability to afford, diag-
nostic facilities for taking and processing throat swabs.
An effective primary prophylaxis strategy also relies on
individuals attending a primary health-care center when
they have a sore throat. Moreover, sufficient resources
are vital for ensuring that patients can be treated once
streptococcal pharyngitis is diagnosed, as is the assurance
that recommended treatment regimens (oral penicillin
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Figure 1 | Prevention and management strategies for acute
rheumatic fever and rheumatic heart disease as they relate
to pathogenesis.*?

V 500 mg 2-3 times per day for 10 days [250 mg for chil-
dren], 50 mg/kg amoxicillin per day for 10 days, or a
single 1,200,000 U [600,000 U for children <27 kg] dose
of intramuscular benzathine penicillin G) will be adhered
t0.4! All of these requirements are difficult to achieve in
low-income countries. Attempts have been made to vali-
date clinical algorithms for the diagnosis of sore throat
caused by group A streptococci, to remove at least one of
the obstacles to effective primary prophylaxis, but as yet
an algorithm of sufficient sensitivity and specificity has
not been developed and implemented.*>**

Even in countries where adequate resources and
a desire to implement effective primary-care-based
primary prophylaxis are established, whether such an
approach will, in itself, lead to a reduced incidence of ARF
is unclear.* Studies that reported the success of primary
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Table 1 | Costs of primary and secondary prevention, and valve surgery for RHD®®

Intervention Cost per DALY averted (US$)
Low-endemicity area High-endemicity area

Primary prevention 68,346-102,520 22,075-33,113

Secondary prevention 982-1,103 999-1,123

Valve surgery 1,861 1,861

Vaccine* 5,330-17,765 137-458

*For low-endemicity area, assumes 80% efficacy and 90% coverage. For high-endemicity area, assumes
80% efficacy and 65-95% coverage. Abbreviations: DALY, disability-adjusted life year; RHD, rheumatic
heart disease.

prophylaxis in practice have almost exclusively been
ecological and observational in nature, and the ability
to separate the effects of primary prophylaxis from
those of other potential confounders has been limited.
For example, a reduction in ARF incidence was noted
to coincide with implementation of penicillin treatment
for all children with sore throats in Costa Rica during
the 1970s.* However, much of the decline occurred
before the policy of increased penicillin use was imple-
mented. Notably, this policy also coincided with the
establishment of a national health plan, which in itself
could have contributed to the reduction in new cases
of ARE. Comprehensive RHD prevention and control
programs in the French Caribbean and Cuba included
a range of strategies including primary and secondary
prevention, health promotion, education of health staff,
and active surveillance that, in some regions, coincided
with improved living conditions and better health ser-
vices.***” These programs certainly resulted in impressive
reductions in ARF incidence, but do not enable conclu-
sions to be drawn about the particular effectiveness of
primary prophylaxis.

Since the 1950s, attempts have been made to improve
the population-level effectiveness of primary prophylaxis
by making its delivery more systematic, mainly through
school-based programs involving treatment (and some-
times swabbing) of children with sore throats, with
varying levels of school exclusion and treatment of family
members. These programs have been reviewed** and are
the subject of a meta-analysis by Lennon et al.,*® which
reports that treatment programs for streptococcal sore
throat reduces the risk of ARF by 59% (RR 0.41, 95% CI
0.23-0.70). However, only one of the six studies included
in the meta-analysis was a randomized, controlled trial.
This trial was a high-quality, large study of school-based
sore throat diagnosis and treatment conducted in a region
of Auckland, New Zealand, that has a high incidence of
ARE* In this trial, the primary-prevention strategy was
not associated with a statistically significant reduction
in the incidence of ARF (74 cases per 100,000 person-
years vs 92 cases per 100,000 person-years in the control
group; RR 0.81, 95% CI 0.47-1.39). Of the other studies
included in the meta-analysis, three had a before-and-
after design and two were observational.>***=2 Although
these studies provide some encouraging nonrandomized

data in favor of community-based primary prophylaxis,
they do not provide sufficient evidence to conclude
that such a strategy leads to significant reductions in
ARF incidence.

Perhaps most importantly for resource-poor settings,
primary prophylaxis is the least cost-effective method
for the prevention and management of RHD (Table 1). A
single injection of benzathine penicillin G is inexpensive
(approximately US$0.75) and so, based upon the number
needed to treat described in the meta-analysis by Lennon
et al.,*® preventing one case of ARF would theoretically
cost only $40.*® However, the implementation and
maintenance of primary prevention programs is labor-
intensive and expensive, and these programs are almost
certainly not cost-neutral or cost-saving. For example,
one program in Navajo children in the US could have
resulted in a modest reduction in ARF incidence, but
at a cost of $12 per child enrolled per year, or $65,000
per ARF case prevented.” By comparison, the total cost
of an ARF case per year was estimated to be $10,560.
In high-income countries, this cost might be afford-
able (for example, rotavirus immunization costs $3,024
per serious case averted, but routine meningococcal
and pneumococcal immunization cost $633,000 and
$280,000, respectively, to prevent one case of meningo-
coccal disease or pneumococcal meningitis),***° but in
low-income countries, these costs are prohibitive.

In our opinion, intensive sore throat surveillance and
treatment programs cannot currently be recommended
as coordinated public health programs in low-income
and middle-income countries because this intervention
has substantial cost implications for countries with the
highest disease burden; in addition, the only rando-
mized, controlled efficacy study did not demonstrate a
significant treatment effect. Nonetheless, investigation
and treatment of sore throat should continue to be pro-
moted in settings where this strategy is feasible. Primary
prophylaxis has the potential to prevent some cases of
AREF and, therefore, has the advantage over secondary
prophylaxis of preventing some cardiac damage that
would otherwise occur. Moreover, educating health-care
workers and the community about primary prophylaxis
helps to raise general awareness about ARF and RHD
and could have benefits that are not measurable simply
in terms of effects on ARF incidence.*

Secondary prevention

Recurrent ARF leads to worsening of rheumatic valve
lesions.® As with primary prevention, early studies in the
US proved the effectiveness of secondary prophylaxis
with injectable benzathine penicillin G for the preven-
tion of recurrent ARE"*® In addition, secondary anti-
biotic prophylaxis has been shown to reduce the severity
of RHDS**** and is cost-effective.

The ideal dose, route, frequency, and duration of
administration for penicillin as secondary prophylaxis
have not been established (particularly for children)
and considerable variation is evident in practice and
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Table 2 | Recommendations for secondary prophylaxis of acute rheumatic fever

Guidelines Dose of benzathine Route Interval Duration
penicillin G
WHO0?? <30kg: 600,000 U; PO acceptable 21-28 days No carditis: for 5 years or until 18 years of age*;
>30kg: 1,200,000U Resolved ARF carditis: for 10 years or until
25 years of age*;
Severe RHD, or if surgery is required: lifelong
usse <27 kg: 600,000 U; IM preferred; PO 28 days' No carditis: for 5 years or until 21 years of age*;
>27kg: 1,200,000U acceptable if patient is Resolved ARF carditis: for 10 years or until
low-risk and has been 21 years of age*;
free of ARF attacks for Severe RHD, or if surgery is required: for
5 years or more 10 years or until 40 years of age* (or longer)
Australia”™  <20kg: 600,000 U; IM preferred; PO 28 days® No carditis: for 10 years or until 21 years of age*;
>20kg: 1,200,000U  acceptable if Resolved ARF carditis: for 10 years or until
contra-indication to IM 21 years of age*;
or patient refusal Moderate RHD: until 35 years of age;
Severe RHD: until 40 years of age (or longer)
India™ <27 kg: 600,000 U; NA <27kg: 15 days; No carditis: for 5 years or until 18 years of age*;

>27kg: 1,200,000V

>27kg: 21 days

Resolved ARF carditis: for 10 years or until
25 years of age*;
Severe RHD, or if surgery is required: lifelong

Abbreviations: ARF, acute rheumatic fever; IM, intramuscular; NA, not available; PO, per oral; RHD, rheumatic heart disease. *Whichever is longer. TUS guidelines
recommend treatment every 21 days if a break-through episode of ARF occurs whilst adherent to a 28-day regimen. SAustralian guidelines recommend treatment
every 21 days (provided that good adherence is evident) if the patient has had valve surgery, has moderate or severe RHD, or if a break-through episode of ARF

occurs whilst adherent to a 28-day regimen.

in guidelines around the world (Table 2).223¢162 A sys-
tematic review of randomized controlled trials revealed
that intramuscular injection of benzathine penicillin G
every 2-4 weeks is superior to daily oral penicillin.®
Lue et al.**%> showed that benzathine penicillin G given
every 3 weeks, rather than every 4 weeks, reduces the
number of recurrences of ARF, although this finding was
based on only a small amount of evidence. Currie and
colleagues® reported that increased doses (1,800,000 U
and 2,400,000 U) of benzathine penicillin G provide
protective levels of penicillin (>25ng/ml) at 4 weeks
after intramuscular injection in a greater proportion of
patients than do standard doses (1,200,000 U). Not all
practice reflects the available evidence, however, partly
because of a lack of confidence in some of the data and
partly because of the need for practicality, particularly
in resource-limited settings. Maximizing adherence
to treatment regimens is important and administer-
ing overly-frequent, large-volume doses of benzathine
penicillin G could potentially reduce adherence.’” The
storage method and quality of benzathine penicillin G
can also affect serum levels of penicillin and the potential
efficacy of this drug at preventing ARE®”® Very few data
are available on the effect of the quality of benzathine
penicillin G, although one study found that serum peni-
cillin levels differed when benzathine penicillin G was
sourced from different manufacturers, despite the same
dose being used.*’

Secondary prevention has become synonymous with
secondary prophylaxis, but a successful secondary pre-
vention program encompasses more than just delivery
of penicillin and should also include early recognition of
ARF and RHD and strategies to increase adherence to
antibiotic regimens. The essential elements of secondary

prevention programs are summarized in Box 1.°' Health
education and health promotion for health-care workers,
patients and their families, and the general public are
crucial for improving recognition of ARF and RHD.*
Coordination of secondary prevention and delivery of
secondary prophylaxis as part of a centralized, register-
based program are important factors in achieving
optimum levels of adherence.” The effectiveness of
secondary prevention is reduced by factors such as poor
access to health services, limited educational opportuni-
ties, and poor environmental conditions, all of which are
consequences of poverty.®’ Importantly, register-based
RHD secondary prevention programs have been success-
fully implemented and maintained over many years in a
number of countries, including developing nations.**”

Screening for RHD is another important facet of secon-
dary prevention. The WHO recommends school-based
screening for RHD to identify previously undiagnosed
patients in high-prevalence regions.?> However, no agree-
ment has yet been reached about the best approach to
screening—which age group to screen and what combi-
nation of auscultation and echocardiography will provide
sufficient sensitivity, specificity, cost-effectiveness, and
feasibility in developing countries. A clear need exists
to determine and standardize the best method for
screening for RHD.*>* Concerns also exist that screen-
ing on the scale described in the studies in Cambodia,
Mozambique,* and Tonga,* will lead to the identifi-
cation of a large number of cases that require ongoing
clinical care and coordination, potentially overloading
already stretched health systems.

Screening of school-aged children, together with the
establishment of register-based control programs, formed
the basis of the global program for RHD during the 1980s
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Box 1 | Secondary prophylaxis programs for RHD®:

= RHD control programs should incorporate a single centralized (preferably
computerized) ARF and RHD register, established within existing health-care

networks, and linked to local registers in regions and individual communities.

The register may be stand-alone, part of a more comprehensive chronic

disease register, or housed within clinical departments or public health units.

Registers should:

— maintain patient confidentiality

— conform to privacy legislation

— be established with the relevant institutional and and or individual approval

= Commitment from national, regional and local services, particularly to ensure
long-term funding

= Activities guided by locally relevant, evidence-based guidelines
= A dedicated, centrally based coordinator

= A commitment to partnerships between clinicians and public health services
in order to support the needs of people with ARF/RHD and the community

= An effective advisory committee that includes cardiologists, pediatricians,
general practitioners, physicians, epidemiologists, nurses, public health
practitioners, and relevant community representatives

= Prioritization of antibiotic prophylaxis delivered within the framework of primary

health-care

= Planning and advocacy for a stable supply of benzathine penicillin, and establish
plans for sustainable secondary prophylaxis in the event of supply reductions

= Ability to find new cases of ARF and RHD (including by screening programs)

= Ability to assess and monitor the burden of disease

= Provision of education for health practitioners, the community, those with
disease and their families

= Legislated notification system of ARF and RHD which is supported by public
health surveillance activities

= A priority system that ensures services are delivered to those at highest risk

= A mechanism for monitoring delivery of secondary prophylaxis and ongoing care,
program reporting and independent evaluation

Abbreviations: ARF, acute rheumatic fever; RHD, rheumatic heart disease. Reproduced with
permission from the National Heart Foundation of Australia; copyright material.

and 1990s. This initiative was conducted under the aus-
pices of the WHO and the International Society and
Federation of Cardiology, which subsequently became the
World Heart Federation (WHF).” The program demon-
strated the feasibility of population-level approaches in
a number of developing countries and had notable suc-
cesses in case finding and improving adherence to secon-
dary prophylaxis.”> However, chronic under-funding
meant that few programs expanded beyond local or pilot
examples, and the program was eventually abandoned.*
The lessons learned from the global program have been
the basis for the current WHF approach to RHD control
in developing countries. Well-resourced, register-based
control programs and screening of school-aged chil-
dren are established in demonstration sites, which are in
turn used to promote expansion of the programs within
the country and to neighboring countries.”” Promising
developments have been achieved in the Pacific region
and in sub-Saharan Africa with the WHF approach, but
the sustainability of large-scale programs will depend on
commitment from governments and funding agencies.

Group A streptococcal vaccines

The complexity of an effective population-level approach
to primary prevention means that a group A strepto-
coccal vaccine is clearly needed.”*”> An effective vaccine
would prevent ARF and RHD by preventing the ante-
cedent infection. There is a long history of attempts to
develop such a vaccine; thus far most efforts have focused
on the variable region of the M protein of the group A
streptococcus.” Concerns that a vaccine could increase,
rather than decrease, the risk of subsequent ARF were a
major impediment to vaccine development during the
1970s and 1980s.”* However, modern molecular techno-
logies have enabled the development of vaccines with
less potential for inducing autoimmunity and improved
protocols for monitoring adverse events, meaning that
group A streptococcal vaccine development has regained
pace in the last two decades.”*”

Phase II trials in adults of a multivalent M type specific
vaccine have been completed, with evidence of safety and
immunogenicity.”” However, because of apparently dif-
fering profiles of M types in developing countries and
the demonstrated potential for the rapid emergence of
new M types in highly-endemic settings, the effective-
ness of M type specific vaccines will be limited in these
areas unless they reflect the local molecular epidemio-
logy.”#-% A vaccine utilizing an antigen (or antigens) that
is highly conserved among all group A streptococci could
be a more promising strategy for developing countries.
Antigens in this category include streptococcal C5a
peptidase, the group A streptococcal carbohydrate,
fibronectin binding proteins, and the conserved region
of the M protein.®'-* Vaccines against these antigens
are in development, but none have yet reached clinical
trials. Crucially, vaccines specifically targeted against
ARF and RHD need to be tested in countries where these
diseases are common.””* An effective and widely avail-
able group A streptococcal vaccine is at least several years
away. So, for the foreseeable future, secondary prevention
remains the most effective measure for controlling ARF
and RHD, and primary prevention remains the most
important second-line strategy.

Management of established RHD

The management of patients with RHD is complex, and a
full discussion of the intricacies of clinical care of RHD is
beyond the scope of this Review. The intensity of medical
and surgical management increases with the severity of
valvular disease (Table 3).°* Structured care planning and
routine review is crucial in the successful management
of patients with RHD. In resource-limited settings this
approach can be challenging and burdensome for both
the patient and the health-care system. One example
is the intensity of monitoring required for patients who
receive anticoagulation therapy, either for atrial fibril-
lation or because they have prosthetic valves. Adequate
monitoring to achieve therapeutic anticoagulation
can be difficult because of cultural factors, population
transience, distance from pathology services, or simply
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because international normalized ratio testing is not
available. The consequences of inadequate monitoring
can be catastrophic; in a follow-up study of Aboriginal
Australians (a population with access to a higher level
of clinical care than in most developing countries) who
underwent cardiac valve replacement for RHD, the 5-year
event-free survival rate was only 52%, with high rates of
thromboembolic and bleeding complications associated
with poor adherence to and monitoring of anticoagulant
medication.® In a study of 232 young women who
underwent valve replacement (75% of whom had RHD)
between 1972 and 1992 in Auckland, New Zealand,
19.4% of women died and 25.9% had a thromboembolic
event.®® Mortality at 10 years was highest in those with
mechanical valve replacements (30%, 95% CI 17-41%).

The choice of surgical procedure for patients with
RHD is also critical. For example, when surgically fea-
sible, the operation of choice for mitral incompetence
is valvular repair rather than replacement because
of lower procedural risk, better preservation of left
ventricular function, the avoidance of long-term anti-
coagulation, and demonstrably better outcomes.®%
However, success in this procedure relies to an extent
on the surgeon’s experience in performing it and must
be balanced against a higher early reoperation rate than
mitral valve replacement (up to 10% of patients develop
mitral regurgitation within 2 years).*” The treatment of
choice for symptomatic dominant or pure mitral steno-
sis is percutaneous balloon mitral valvuloplasty.”*' This
procedure is comparable with surgical valvulopasty in
terms of short-term and medium-term results, but it is
less expensive and has a shorter postoperative recovery
period.”>® Like valvular repair for mitral incompetence,
percutaneous valvuloplasty should be performed by
a team experienced in the procedure.”” The restenosis
rate is approximately 35% within 10 years.”**' The best
outcomes are achieved in younger patients because of
favorable anatomy; however, in developing countries,
patients with RHD often present late and with involve-
ment of more than one valve.>>"! For these reasons, val-
vular repair or percutaneous balloon mitral valvuloplasty
might not be available or feasible in most developing
countries, even though these are the preferable proce-
dures for many patients. Moreover, for many develop-
ing countries, cardiac surgery has to be performed at a
specialist center overseas at considerable cost. The pos-
sibility that the patient will need a subsequent procedure
can, therefore, be a disincentive for mitral valve repair or
percutaneous valvuloplasty.

The most important aspects of the management of
established RHD in developing countries are cost and
cost-effectiveness. Unfortunately, medical or surgical
care for people with severe RHD consumes the vast
majority of funds available for RHD control in every
country where this disease is an important health issue.
Numerous examples exist of countries that allocate a
considerable proportion of their entire health budgets
(sometimes 5% or more) to RHD valve surgery. While

Table 3 | Management of patients with RHD, stratified by disease severity®*

REVIEWS

Criteria

Management plan

Timing

Low risk

ARF with no evidence
of RHD, or trivial to
mild valvular disease

Medium risk

Any moderate valve
lesion in the absence
of symptoms and
with normal left
ventricular function,
or mechanical
prosthetic valves

High risk

Severe valvular
disease, or moderate
to severe valvular
lesion with
symptoms, or tissue
prosthetic valves and
valve repairs

Secondary prophylaxis (BPG)
Doctor review
Echocardiography

Secondary prophylaxis (BPG)
Doctor review

Influenza vaccination
Electrocardiography (optional)

Cardiologist, physician, and/or
pediatrician review

Echocardiography
Dental review

Polysaccharide pneumococcal
vaccination

Endocarditis prophylaxis

Secondary prophylaxis (BPG)
Doctor review

Cardiologist/physician/
pediatrician review

Echocardiography
Influenza vaccination
Dental review

Polysaccharide pneumococcal
vaccination

Endocarditis prophylaxis
Warfarin plus aspirin

Every 4 weeks
Annually

Children: every 2 years;
adults: every 2-3 years

Every 4 weeks
Every 6 months
Annually
Annually
Annually

Annually
Annually

Every 5 years
(maximum 3 doses)

As required

Every 3-4 weeks
Every 3-6 months
Every 3-6 months

Every 3-6 months
Annually

Within 3 months and annually
thereafter

Every 5 years
(maximum 3 doses)

As required
As prescribed

Abbreviations: ARF, acute rheumatic fever; BPG, benzathine penicillin G; RHD, rheumatic heart disease.
Reproduced with permission from the National Heart Foundation of Australia; copyright material.

patients are transported thousands of kilometers to
other countries where the surgery can be performed, the
same country has no functioning secondary prophylaxis
program, which could prevent most cases from progress-
ing to severe RHD and save money.**** Although better
and cheaper ways of treating patients with moderate
or severe RHD are undoubtedly needed, ignoring the
potential to prevent most of these cases in the first place
by instituting effective, register-based control programs
is a tragic waste of public-health resources. Secondary
prevention is a cost-effective solution (Table 1) and must
be a global priority.

Conclusions

RHD is an important global health problem, confined
mainly to developing countries. Epidemiological preva-
lence surveys that used echocardiography as the primary
screening tool indicate that the overall disease burden
could be substantially higher than previously recognized.
A comprehensive international strategy to control this
disease has never existed, but attempts by the WHE,
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building on earlier approaches spearheaded by the WHO,
hold promise. Although primary prophylaxis can work
at an individual level, and increased promotion of the
treatment of streptococcal sore throats in primary care
is needed, no convincing data exist that the systematic
implementation of such a strategy results in declines
in ARF incidence. Moreover, the expense of systematic
primary prophylaxis programs limits their feasibility
in most developing nations where ARF and RHD are
common. The current focus of global efforts to combat
the disease is on strengthening secondary prophylaxis
programs. Nevertheless, very few active national pro-
grams have been implemented. Secondary prevention
programs face the harsh reality that communities with
the highest rates of RHD are often those least equipped

to deal with the problem. RHD will, therefore, remain
unchecked among the world’s poorest populations unless
current prevention programs expand and new programs
are established.

Review criteria

We reviewed our personal libraries of articles, compiled
from previous comprehensive searches, and searched

the Medline database by combining the terms “rheumatic
fever” OR “rheumatic heart disease” and “developing
country” to include articles published from June 1999 until
June 2009, with no limits set. We reviewed the abstracts
and selected original and review articles that provided
information relevant to diagnosis and management of
rheumatic heart disease in developing countries.
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