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ABSTRACT

Rheumatic heart disease (RHD) is a preventable non-communicable condition that disproportionately affects
the world’s poorest and most vulnerable. The World Heart Federation Roadmap for improved RHD control is
a resource designed to help a variety of stakeholders raise the profile of RHD nationally and globally, and
provide a framework to guide and support the strengthening of national, regional and global RHD control
efforts. The Roadmap identifies the barriers that limit access to and uptake of proven interventions for the
prevention and control of RHD. It also highlights a variety of established and promising solutions that may
be used to overcome these barriers. As a general guide, the Roadmap is meant to serve as the foundation
for the development of tailored plans of action to improve RHD control in specific contexts.
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1. INTRODUCTION
Rheumatic heart disease (RHD) is a preventable non-
communicable condition that disproportionately affects
the world’s poorest and most vulnerable. Globally, 32
million people suffer from the condition, which kills
275,000 people annually [1]. Driven by poverty, poor ac-
cess to health services and other health system weaknesses,
the majority of people with RHD live in low- and middle-
income countries, with the remainder in vulnerable com-
munities of wealthy countries [2].

In recent years, the need for concerted global action to
control non-communicable diseases, including RHD and
other cardiovascular diseases (CVD), has become a high
priority on the global health agenda. This prioritisation is
evident in the UN political declarations on the Prevention
and Control of Non-Communicable Diseases (‘25 by 25’
target), the WHO Global NCD Action Plan, and the UN
Sustainable Development Goals [3,4].

With CVD as the leading cause of premature mortality
worldwide, and more than 80% of deaths occurring in low-
and middle-income countries, the World Heart Federation
(WHF), as the world’s leading global CVD organization,
launched its Roadmap Initiative in 2014 to guide and
support those seeking to improve CVD control.

The WHF Roadmaps are global implementation
strategies designed to help governments, employers, non-
governmental organizations (NGOs), health activists, aca-
demic and research institutions, health care providers and
people who have been affected by CVD, take action to
better prevent and control CVD [5,6]. The Roadmaps
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synthesise existing evidence on the efficacy, feasibility and
cost-effectiveness of various strategies. They also identify
potential barriers (roadblocks) to their implementation,
and propose potential solutions to bypass them.

The WHF Roadmap for reducing morbidity and mor-
tality through improved prevention and control of RHD
complements existing roadmaps on tobacco control [7],
raised blood pressure [8], and the use of secondary pre-
vention for CVD [9], and follows the 2013 WHF position
statement on the prevention and control of RHD [10].

As part of its 2013 statement on RHD, the WHF
endorsed the ambitious goal of achieving a 25% reduction
in premature deaths from rheumatic fever (RF) and RHD
among individuals aged <25 years by 2025 [10]. To ach-
ieve this, the WHF also defined five targets:

� Foster at least one prominent public figure as an ‘RHD
champion’ in every country where RHD is endemic,

� Ensure that 90% of countries with endemic RHD have
integrated and comprehensive control programmes by
2025,

� Ensure the availability of high-quality benzathine peni-
cillin G for 90% of patients with RHD in 90% of
countries with a high burden of this disease,

� Establish at least one hub of training, research, and
advocacy for RF and RHD in each WHO-defined
geographic region by 2025,

� Test a group A b-haemolytic streptococcal vaccine in
phase III clinical trials in RHD-endemic countries within
10 years [10].
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The WHF RHD Roadmap will contribute to reaching
these targets by acting as a resource to raise the profile of
RHD nationally and globally, and by providing a frame-
work to guide and support the strengthening of national,
regional and global RHD control efforts.

The Roadmap’s content is derived from searches for
relevant systematic and narrative reviews of existing evidence
found in Medline and the Cochrane Library; a synthesis of
relevant peer-reviewed and grey literature published since
2012; and an iterative process of expert consultation
involving 11 Writing Committee and 12 Reviewing Com-
mittee members drawn from the global WHF membership
network and key stakeholders in RHD control.

Given the diverse settings in which RHD is endemic
and the array of opportunities for intervention (even within
individual countries), this Roadmap is best considered a
generic framework for local adaptation and is intended to
serve as a basis for developing region- or country-specific
roadmaps.

Developing and effectively implementing country-
specific roadmaps will require a coalition of the following
stakeholders: health professionals; government de-
partments and agencies; in-country and regional health
organizations; NGOs; and industry, patient and commu-
nity groups to advocate for the inclusion of RHD in na-
tional NCD action plans and various other national
planning instruments.

The process also requires a range of local expertise that
includes knowledge of medicine, cardiology, cultural and
social contexts, prevention, health promotion, health sys-
tems, economics, and government priorities. Section 10
discusses this process further.
2. WHAT ARE RF AND RHD?
Rheumatic fever is an inflammatory disease involving the
joints, skin, heart and brain, which develops following an
untreated or partially treated group A b-haemolytic strep-
tococcal (GAS) infection of the throat (streptococcal
pharyngitis). Up to 30% of sore throats in children and
young people are caused by GAS, and 0.3% to 3% of
young people with an untreated GAS sore throat will
develop RF [11,12].

Personal susceptibility, the type of GAS strain and poor
socio-economic conditions that facilitate bacterial trans-
mission and exposure, particularly overcrowded housing,
are key risk factors for RF (see Fig. 1). In some regions,
streptococcal skin infection has also been implicated in the
disease process [13].

After recovery from the initial episode of RF, up to
60% to 65% of patients develop valvular heart disease
[11,14] and the risk of RF recurrence following GAS
infection rises to 50% [15,16]. Repeated GAS infections
without appropriate treatment with benzathine penicillin G
lead to RF recurrences and progressive valve damageethe
defining characteristic of RHDewhich can, in turn, cause
atrial fibrillation, heart failure, stroke and endocarditis.
A key determinant of disease progression is the num-
ber of times RF recurs in an individual [17]. As cardiac
impairment worsens, disability increases and quality of life
decreases. Surgery or cardiac catheterisation often become
necessary, and patients who do not have access to such
treatment ultimately die prematurely from RHD and its
complications. In a large study conducted in 14 low- and
middle-income countries, the median age of death was
28.7 years [18].

3. CHANGING BURDENOF A PREVENTABLE DISEASE
By the 1980s, RF and RHD had virtually disappeared from
high-income regions of North America and Europe
[19,20]. However, the disease burden persists in low- and
middle-income countries, home to 79% of people living
with RHD [2], and in some indigenous populations of
higher-income countries [21,22].

According to the WHO Global Health Estimates, the
overall burden of RHD has declined over the past decade,
though progress has been uneven [23]. Figures 2 and 3
illustrate the total deaths and disability-adjusted life-years
(DALYs) estimated for each WHO region during 2000 and
2012. DALYs are a summary measure of health that capture
both premature mortality and morbidity among prevalent
cases in a single statistic. Reflecting morbidity in measures
of burden is important as many people living with RHD are
disabled by its long-term complications, which include
heart failure, atrial fibrillation, stroke, infective endocardi-
tis, and pregnancy-related complications.

At the global level, the number of deaths and DALYs
attributed to RHD have decreased by 0.75% and 1.33%,
respectively, since 2000. Progress was most notable in
high-income countries and in middle-income countries in
Europe and Southeast Asia. However, the total number of
GLOBAL HEART, VOL. -, NO. -, 2017
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FIGURE 2. Global deaths from RHD by WHO region,
2000-2012. Adapted from WHO Global Health Estimates
(GHE) database. LMIC, low- and middle-income country.
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deaths in Africa and the Eastern Mediterranean increased
over this period.

Burden of disease estimates have also been produced
by the Global Burden of Disease (GBD) studies from the
Institute for Health Metrics and Evaluation. The GBD 2013
study estimated 275,000 deaths globally (95% uncertainty
interval [UI]: 222,600-353,900) for 2013 in comparison to
the WHO estimate of 337,335 deaths [24]. The GBD 2013
study also estimated 32.9 million (31.6 to 34.0 million)
prevalent cases and 9.5 million (7.9 million to 12.0
million) DALYs from RHD in 2013 [1,24]. Together,
these findings suggest that the reductions in mortality may
be resulting in an increased prevalence.
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FIGURE 3. Disability-adjusted life years due to RHD by
WHO region, 2000-2012. Adapted from WHO Global
Health Estimates (GHE) database. LMIC, low- and middle-
income country.
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4. WHY CONTROL RF AND RHD?
There are a number of compelling reasons to act on RHD,
in addition to the total global burden of disease [25]. As
noted above, progress on RHD has been uneven, with
some low-income areas experiencing increases in mortality
as compared to high-income areas where mortality has
decreased. Therefore, RHD contributes to rising health
inequality at the global level.

Unlike many other CVDs, RHD is a preventable con-
dition acquired in childhood that is amenable to early and
effective intervention. This presents a rare opportunity to
avert the immense personal burden and social costs asso-
ciated with premature cardiovascular morbidity and mor-
tality [26]. The potential economic gains from a societal
perspective are even greater, as the burden of RHD is
disproportionately borne by young, economically active
people in low-income countries [26,27]. Therefore, con-
trolling RHD supports overall economic and social devel-
opment, both directly and indirectly.

RHD acts as a tracer condition that reveals issues in the
performance of health systems. Comprehensive RHD con-
trol spans the whole health system, requiring robust primary
care systems all the way up to specialised tertiary and qua-
ternary care. RHD control programmes also present an op-
portunity tomodel goodpractice in the delivery of services to
those with chronic conditions that require ongoing man-
agement. If done well, the learning and experience can be
transferred to benefit other public health programmes.

Given the elevated risk associated with poverty and the
impoverishing effects of the disease, addressing RHD is also
an issue of equity in all affected countries, regardless of
income level. It is also a matter of equity for women’s
health, as pregnancy and labour are particularly dangerous
for women with RHD [28].
5. THE HEALTH CARE JOURNEY IN RHD
Although local differences in health services can be pro-
found, people with streptococcal pharyngitis (‘strep
throat’), RF and RHD share a number of common health
care needs. These common pathways are illustrated in
Figure 4, which draws on the Continuum of Care (CoC)
Framework for Health Systems developed by Medtronic
Foundation. The framework acknowledges the interrelated
nature of strep throat, acute RF and RHD, and traces a
stylised version of the patient journey through the types
(and level) of intervention required at each stage. These are
numbered CoC1 to CoC10 in the Figure.

For instance, an unwell individual or their caregivermust
initially decide to seek care for the illness (CoC2), and then
engage with the health system (CoC3) where they should be
appropriately diagnosed (CoC4) either with strep throat
(path 1), rheumatic fever (path 2) or rheumatic heart disease
(path 3). Those with strep throat should receive appropriate
treatment with intramuscular benzathine penicillin G (BPG),
ideally at the primary care level (CoC6). Those diagnosed
with rheumatic fever should begin secondary prophylaxis
3
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using BPG (CoC7) also at the primary care level, and be
referred for appropriate investigation at higher levels. And
those with RHD should be referred (CoC5) for appropriate
treatment at higher levels of care (CoC8), after which they
should receive the appropriate follow-up care (CoC9 and
CoC10). The framework also underscores the roles that
poverty and the social determinants of health play as crucial
risk factors for RHD (CoC1).

As a patient-centred framework, the CoC facilitates an
understanding of the care seeking process from the individu-
al’seor their caregiver’seperspective, while permitting the
systematic identification andcategorisationof the variousneeds
and opportunities of patients, providers, communities and the
widerhealth system tomanage cases ofGAS sore throat, RF and
RHD appropriately, and prevent the progression of disease.
6. KEY INTERVENTIONS FOR TREATMENT
AND PREVENTION
Underpinning the CoC are a number of evidence-based in-
terventions to alter the outcome of disease. The WHF and
RhEACH have developed a matrix (Figure 5) to summarise
these treatments and a wide range of supporting in-
terventions into a resource called the TIPS (Tools for
Implementing RHD Control Programmes) Handbook [29].
These are typically considered in four domains:

� Primordial (address the underlying social determinants
of health that exacerbate GAS exposure and RHD risk)

� Primary (treatment of strep throat to prevent the devel-
opment of RF following GAS infection)

� Secondary (prevent development of new GAS infections
following the first episode of acute RF to prevent sub-
sequent RF recurrences and delay or prevent develop-
ment of severe RHD)

� Tertiary (control RHD symptoms and extend the life of
those living with RHD)

6.1. Primordial prevention
As a disease with aetiology and risk factors strongly asso-
ciated with poverty, structural interventions designed to
address the social determinants of health are believed to be
GLOBAL HEART, VOL. -, NO. -, 2017
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FIGURE 5. TIPS matrix of RHD control supporting interventions. RHD, rheumatic heart disease; TIPS, Tools for
Implementing RHD Control Programmes.
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critical for RF and RHD control [30,31]. These in-
terventions aim to reduce exposure to GAS infection by
addressing household overcrowding and other social de-
terminants of health.

While such interventions traditionally lie beyond the
scope of health system strengthening, there may be scope
for primordial activity, such as education on overcrowding,
to be combined with other RHD control efforts [29]. In
addition, a wide range of government policies outside the
health sector may also influence the primordial de-
terminants of RHD. Therefore, advocacy on the association
between RHD and poverty will help to ensure that gov-
ernments, development partners, non-governmental orga-
nizations and other important actors view RHD control as a
priority.
6.2. Primary prevention
Primary prevention involves prompt diagnosis and treat-
ment of GAS throat infections in young people, with
effective use of antibiotics to prevent the development of
RF. This requires patients or their caregivers to seek care,
receive appropriate diagnosis and adhere to prescribed
treatment. A systematic review evaluating the effectiveness
of antibiotics in preventing RF found a substantial pro-
tective effect: in patients with a sore throat and symptoms
suggestive of a GAS infection, antibiotic treatment using
intramuscular BPG could reduce the risk of RF by up to
GLOBAL HEART, VOL. -, NO. -, 2017
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80% [32]. A more recent review has endorsed penicillin as
the antibiotic of choice for GAS pharyngitis [33].

However, many roadblocks exist to the provision of
effective primary prevention. From the patient’s
perspective:

� Since most sore throats are viral in nature and tend to be
self-limiting, sore throat may not be considered an illness
that warrants medical care, or its link with RF/RHD may
be poorly understood, consequently affecting the uptake
of effective care,

� Access to preventive services and medication may be
hindered by distance or costs, particularly if paid for out-
of-pocket (e.g. transport, fees for diagnosis and medi-
cations) [30],

� Poor adherence to antibiotic treatments may result from
a lack of understanding of the purpose of treatment, and
fear of injections, among other things.

From the health systems perspective, the delivery of
effective primary prevention may be hindered by:

� Shortages and stock outs of essential antibiotics,
including quality BPG, which may result from inefficient
procurement and supply chain management practices, or
supply issues at the production/manufacturer level [34],

� Poor understanding among health professionals about
the purpose of treating sore throat and the link with
RHD,
5
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� Insufficient knowledge or systems at primary care level
for the effective management of sore throat,

� Absence of standardised clinical guidelines,
� Inadequate training, resources or capacity to act on
clinical guidelines which may be due to a lack of prac-
tical local clinical guidelines or, where they do exist,
ineffective dissemination and uptake of guidelines
among health professionals,

� Limited geographic coverage of existing primary
healthcare services,

� Reluctance to administer penicillin out of concern for
anaphylaxis [35], resulting in onerous skin testing before
administration in some settings and, in others, blanket
bans on penicillin administration.

While primary prevention is ideally delivered through
the existing primary care system, alternative approaches,
such as school-based sore throat clinics, have been sug-
gested as a means of identifying GAS infections within the
community and overcoming some of the aforementioned
barriers to seeking care. While available evidence on the
effectiveness of such programmes in preventing RF is
limited [36], the recent experience of the sore throat
management component of New Zealand’s RF primary
prevention programme suggests that school-based ap-
proaches may be beneficial when focused on areas of high
RF incidence [37]. However, the high costs, workloads and
logistical challenges associated with its delivery will likely
limit its application in resource-constrained settings.

Currently there is no effective vaccine for GAS (dis-
cussed further in Section 8).
6.3. Secondary prevention
The mainstay of secondary prevention involves the use of
antibiotic prophylaxis in those with a history of RF to
prevent subsequent recurrences, with the aim of limiting
progression to severe RHD.

The preferred antibiotic is intramuscular BPG, which
must be administered every 28 days (shorter dose intervals
may be used in some settings based on evidence about the
duration of the protective effect of BPG, logistics of delivery
and acceptability to patients), consistently for a minimum
of 10 years after the first acute RF episode. Oral regimens
provide inferior protection from RF recurrence, but may be
required for people with a penicillin allergy [38-40].

Effective delivery of secondary prevention requires
identification of all individuals at risk of RF recurrence,
prompt initiation of antibiotic prophylaxis using BPG and
on-going antibiotic delivery until the period of risk has
passed. Consequently, adherence to secondary prophylaxis
may be low. One study in Uganda noted that 46% of pa-
tients received less than 80% of the required injections over
a 6-month period [41].

Because secondary prophylaxis is similar to primary
prevention in that it is ideally delivered through the pri-
mary care system and relies on BPG as the antibiotic of
choice, many of the potential roadblocks are also similar.
From the patient perspective:

� RF may go undiagnosed because symptoms are mild or
absent, or because families cannot afford to seek care,

� The costs associated with the long duration of prophy-
laxis may be prohibitive, particularly if families must pay
for BPG out-of-pocket [42]. The indirect costs of travel
for injections may also be high, further increasing the
risk for non-adherence, especially among patients or
caregivers who do not value or understand the purpose
of on-going follow up and treatment, or the benefits of
monitoring one’s disease status,

� Poor adherence may also arise due to pain from regular
injections,

� Poor acceptability due to lack of trust or confidence in
the care provided or a perceived lack of patient/carer
support may also affect adherence [42].

From the health systems perspective:

� Clinicians may not have the training or resources to
diagnose RF accurately [43],

� Lack of local guidelines, or their ineffective imple-
mentation can lead to inconsistent diagnosis, treatment
and management of patients,

� Unreliable supply of quality antibiotics, especially BPG,
and injection equipment is an important determinant of
non-adherence [34,44],

� Concerns about anaphylaxis, particularly among
asymptomatic children, may make some health pro-
fessionals reluctant to administer BPG [35], and in some
settings this has led to bans on penicillin administration,

� Lack of primary care infrastructure to support delivery of
secondary prevention.

The core supporting intervention for the delivery of
secondary prophylaxis is the national RF and RHD register,
which has remained a critical part of RHD control since the
1970s. Registers benefit those living with RF/RHD in
various ways. They improve the delivery of consistent and
standardised secondary prophylaxis, help to ensure that
care is prioritised by need, and help to identify and support
people with poor adherence. As a national information
system, registers also contain important information about
mortality, surgeries received and medical histories of in-
dividual patients, in addition to incidence and prevalence
data and other important indicators over time [29,45].

RHD may be asymptomatic for years or decades,
particularly if the first episode of RF was mild or undiag-
nosed. Identifying subclinical RHD cases through echo-
cardiography screening has been advocated as a tool to
support secondary prevention. In order to standardise the
criteria used to diagnose subclinical RHD using echocar-
diography, a group of international experts under the
auspices of the WHF has published evidence-based criteria
for echocardiographic diagnosis of subclinical RHD in
screening programmes [46].
GLOBAL HEART, VOL. -, NO. -, 2017
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However, the priority of RHD control programmes

should be to deliver effective secondary prophylaxis ser-
vices before implementing echocardiographic screening
programmes. The utility and cost-effectiveness of screening
and treating subclinical cases should also be further
investigated in more diverse settings [47].
6.4. Tertiary intervention
Tertiary RHD interventions aim to treat symptoms, reduce
disability and ultimately delay death from RHD. Depend-
ing on the type and severity of a patient’s condition, tertiary
interventions may include surgical valve repair, valve
replacement, balloon mitral valvuloplasty or medical
management of the complications of RHD.

In the context of a developing country, it may be
reasonable to include tertiary medical and surgical services
within the remit of RHD control programmes where ca-
pacity and resources permit [45]. Valve repair has been
shown to be preferable to replacement as patient survival is
better and anticoagulation is not needed; however, repeat
operations are often required [48,49].

Patients with valve replacements require lifelong anti-
coagulation using warfarin. This gives rise to a number of
additional roadblocks in resource-limited settings as
effective anticoagulation involves regular monitoring, reg-
ular dose adjustments and requires a reliable medicine
supply.

Making anticoagulation management available at pri-
mary care level has been suggested to improve access for
these postoperative patients and for others requiring anti-
coagulation for arrhythmias and heart failure. Providing
surgeries in these contexts may be prohibitively expensive
for governments and patients alike [50].

In many developing countries, cardiac surgery facilities
do not exist; the small minority of patients who do receive
tertiary care either travel overseas, or benefit from inter-
national teams who visit on short-term bases [51]. Several
countries such as South Africa, India, and Brazil have
increased capacity to deliver tertiary interventions [52].
Others in Africa have initiated surgical training pro-
grammes to address this gap, but this has not yet started to
address the scale of the problem given that the vast ma-
jority of RHD cases in the region present with established
disease and severe complications [53].

While the ability to deliver tertiary interventions is
important, where such capacity does not already exist,
efforts should be made to invest in improving primary and
secondary prevention, which are much more affordable
and likely to reduce the future burden of disease, even if
they cannot address the need for treatment [54].
7. KEY HEALTH SYSTEM REQUIREMENTS
FOR RHD CONTROL
Examining the roadblocks at each level of intervention
reveals several core health system features that are required
GLOBAL HEART, VOL. -, NO. -, 2017
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for the effective implementation of RHD control
programmes.
7.1. Human resources
A complementary range of clinical, allied health, public
health and administrative skills that reflects the local
burden of disease is required to implement RHD control
programmes. However, experience from successfully
implemented programmes has revealed the importance of a
single key contact dedicated to developing and delivering
the programme [29].

Engaging existing networks of community health
workers and nurses, who operate in rural and remote areas,
presents an opportunity to greatly expand programme
coverage and explore new delivery models for RHD con-
trol. In low- and middle-income countries, community
health workers have been shown to be effective at deliv-
ering a variety of primary care interventions, including
malaria case management [55], family planning services,
and antenatal counselling and referral [56]. Their skill set
and position within communities make them an ideal
channel to administer RHD awareness campaigns and
provide support to patients and carers.
7.2. Healthcare delivery
Many core components of RHD control programmes are
well suited for a primary care approach, including delivery
of primary and secondary prophylaxis, diagnosis of sus-
pected RF and patient/community education. The renewed
drive toward universal access to primary care provided by
the Sustainable Development Goals presents a unique
window of opportunity to achieve this integration [57].

In addition to increasing service access for patients, the
efficiencies gained from the sharing of infrastructure and
resources also contributes to the sustainability of RHD
control programmes. In Nepal, a national programme
focused on promoting community awareness, the delivery
of secondary prophylaxis, RHD register development,
health worker training, and guideline development has
been integrated into primary care since 2007; and in 2013
a pilot primary prevention project was initiated at 42 pri-
mary health centres [35].

The devastating consequences of RHD during preg-
nancy and labour also require RHD control to be integrated
with maternal care. Ensuring adequate counselling for
women of childbearing age living with RHD, adequate
antenatal case detection services and appropriate care
during the perinatal period are essential components of a
comprehensive RHD program. There are also recent ini-
tiatives that seek to integrate RHD care into other existing
chronic disease management programmes. One innovative
approach being trialled in Uganda aims to integrate RHD
surveillance and treatment within the existing HIV/AIDS
infrastructure that has been successfully scaled-up after
many years of domestic and foreign investment [58].
7
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7.3. Physical resources
A continuous supply of affordable, quality intramuscular
BPG for use as primary and secondary prophylaxis is a
critical input for successful RHD control programmes.
Invented in 1928, this antibiotic has been included on the
WHO Essential Medicines List since the first edition was
published in 1977. However, several important concerns
remain about BPG shortages at production level, efficacy
and quality, and persistent stock outs which continue to
limit access [34].

To improve availability of BPG and other essential
medicines required for control programmes, they must be
registered with the national pharmaceutical regulator and
included on national formularies/essential medicines lists.
RHD control programmes must also have sufficient ca-
pacity to forecast, quantify, procure and distribute medi-
cine supplies.

Because BPG is also used to prevent transmission of
syphilis in pregnant women to the foetus, and as pro-
phylaxis in children with sickle cell disease, information
flow is critical to inform each of these processes and to
minimise the risk of stock outs.

For example, in Fiji, BPG usage data collected through
the Rheumatic Fever Information System are used by the
Fiji Pharmaceutical Biomedical Services to help ensure a
more consistent supply of BPG to health facilities across the
country. Where there is insufficient capacity in procure-
ment and supply chain management, support is available
from alternative procurement agents including UN
agencies, and a range of international and non-
governmental organizations [59].

7.4. Clinical resources
Clear, practical, evidence-based clinical guidelines must be
developed for each intervention provided and adapted to
the particular context. To ensure they are used to inform
the care provided, guidelines must be widely available at
primary care level, translated into local languages as
needed, and health care providers must be aware and
trained on how to use them.

To embed them further into clinical practice, guide-
lines may be integrated into medical education and the
process of professional audit. Guidelines for RHD control
should also include advice on how to educate patients
about the risks of sore throat, RF and RHD; how to support
patient adherence to secondary prophylaxis; and how to
administer BPG injections safely, comfortably and
confidently.

7.5. Governance and advocacy
Embedding RHD control programmes within the Ministry
of Health and other public health infrastructure is crucial
for ensuring continued leadership, finance and, conse-
quently, a sustainable and coordinated national response.
However, successful experiences from Nepal and Sudan
have shown that collaborations between government and
NGOs, such as national heart foundations and professional
societies, also provide effective models for programme
governance [35,60].

Where government support and recognition of the
need for RF/RHD control is lacking, advocacy must be used
to mobilise political will and raise RHD control as a pri-
ority. A key advocacy figure at country level is the national
or even regional ‘RHD Champion’ to whom the WHF
targets refer in Section 1. RHD Advisory Committees,
comprised of a broad and inclusive range of stakeholders,
are another important channel for conducting such advo-
cacy, and can also play a role in the design, implementation
and oversight of control programmes.

7.6. Financing
Programmes require sustained long-term funding to realise
population-level impact, and therefore rely on strong
advocacy and a good understanding of programme
costs. In resource-constrained settings, public sources
should finance primary and secondary prevention, as they
are cost-effective and represent good value for money
[12,61-64]. Public financing for prevention should aim to
deliver care that is free at the point of service or that poses
minimal cost to patients.

Financing tertiary care and making it affordable to
patients in these settings, if included, presents a great
challenge given the socio-economic position of those most
affected and the high costs of building and maintaining the
required capacity and infrastructure. Where these re-
sources do not exist, tertiary care could initially be financed
and delivered through alternative models [51]; and where
there are shortfalls in public financing, additional funds
may be available from various external sources such as
international donor agencies, professional organizations
and charities [29]. However, ensuring equitable and
affordable access to tertiary care requires effective financial
protection, such as that provided by comprehensive in-
surance and universal health coverage.

Ultimately, the goal of RHD control is to reduce the
incidence of acute RF and the prevalence of RHD, which,
over time, will decrease the need for costly tertiary
interventions.

7.7. Information systems
As discussed in Section 6, national RF and RHD registers
are essential to support the delivery of secondary pro-
phylaxis, and are important information systems that
provide data to assess disease burden, target interventions
according to need, and evaluate programme impact over
time. Recently, an open-source, low-cost software appli-
cation, called eRegister, has been developed by the Pan-
African Society of Cardiology for RHD treatment and
prevention programmes [65]. Based on the WHF frame-
work for RHD patient registers, the software ensures the
capture of standardised data, facilitating the production of
indicators for programme monitoring and evaluation. It is
GLOBAL HEART, VOL. -, NO. -, 2017
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also designed as a readily adaptable, cloud-based, mobile
platform that allows for simultaneous data collection by
field workers using mobile devices, and by providers using
computer terminals in clinics and hospitals.

7.8. Patients and caregivers
Ensuring patients, parents, schoolteachers, carers and
communities are aware of the risks posed by untreated sore
throat, RF and RHD through campaigns has been a core
element of many successful RHD control programmes
[35,66,67]. Raising awareness aims to increase the likeli-
hood of seeking prompt care for sore throat, or when one
shows signs and symptoms consistent with acute RF.

Successful community-level campaigns have taken a
multichannel approach, targeting several areas, as well as
mass media, to reach as many people as possible. School
and educational institutions should also be targeted, as the
most vulnerable population for GAS infections are school-
aged children [68]. In Kenya, the use of an interactive
digital module to train school-going children on RHD was
shown to increase knowledge and awareness [69].

8. OPPORTUNITIES TO BRIDGE THE
KNOWLEDGE-PRACTICE GAP
While the efficacy of the clinical interventions and elements
required for successful implementation of RHD control
programmes are relatively well understood, the continuing
global burden of this preventable disease highlights the
ongoing knowledge-practice gap in RHD control. There are
a number of important unanswered questions (Table 1),
which will require robust research in order to produce the
high-quality evidence needed to influence public health
policy and programmes.

Innovative approaches that address roadblocks to
effective care will also be required to close the knowledge-
practice gap in RHD control. The remainder of this section
explores a selection of these potential solutions, some of
TABLE 1. Unanswered questions related to the knowledge practice

� What factors determine effective integration of RHD control a

chronic disease, perinatal or sexual health services)?
� What programme characteristics contribute to improved delive

� How can the supply and demand for BPG be better linked, or

� How can successful experiences of implementing and scaling up

what are the key factors that contributed to their success?

� What is the relative cost-effectiveness of different approaches t

prophylaxis and comprehensive RHD control programmes?

� What is the clinical impact and cost-effectiveness of echocardiog

how can it be made more practical and affordable?

� What are the best approaches for increasing the availability a

particularly in low- and middle-income countries?

� How can people living with RHD be best empowered to improv

Adapted from Carapetis and Zühlke [52].
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which address RHD and others which draw inspiration
from innovative solutions used to address other conditions.
Note that many of the innovative approaches described
below require further research, development and evidence
from trials before they can be adopted and scaled-up for
RHD control. Such points could inform the long-term
RHD research agenda. Other ideas, however, could be
pursued immediately.

8.1. Diagnosis of sore throat
Although throat cultures remain the gold standard for the
diagnosis of GAS pharyngitis, the availability of rapid
point-of-care antigen detection tests and clinical decision
rules have created opportunities for new diagnostic ap-
proaches [70]. However, evaluations of available rapid tests
have found considerable variation in their specificity and
sensitivity [70-73], and the tests have not been validated in
all endemic regions, so product selection must be carefully
considered. The current cost of rapid tests is also likely to
limit their use in resource-constrained settings [70].
Alternatively, a meta-analysis evaluating seven clinical de-
cision rules suggested that the Joachim protocol could
potentially be used either alone or in combination with a
rapid test to guide treatment decisions in some settings
[74].

8.2. RHD diagnosis and screening
As described in Section 6, the application of echocardiog-
raphy for identifying subclinical RHD cases is currently
under investigation. However, the introduction of new
devices and the decreasing cost of equipment have
increased the potential to apply this approach more widely
in developing countries for RHD diagnosis and screening.
For example, one recent study in Uganda, which evaluated
the use of a relatively affordable handheld ultrasound de-
vice against standard portable echocardiography for diag-
nosis, found it to be highly sensitive (90.2%) and specific
gap in RHD control

ctivities into primary care or other existing programmes (e.g.

ry, uptake and adherence to secondary prophylaxis?

a more acceptable product be developed to control RHD?

comprehensive RHD control programmes be replicated? And

o RHD control, including different models for delivering primary

raphic screening and other early case detection strategies, and

nd quality of epidemiological data on RHD disease burden,

e self-management and outcomes?
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(92.9%) in distinguishing between normal patients and
those with RHD, when images were blindly reviewed
according to the 2012 WHF guidelines [75].

The use of portable echocardiograms by trained nurses
for screening has also recently been studied in Fiji [76,77].
Following brief focused training, participating nurses in
one study were able to obtain adequate-quality images and
make reliable assessments on the presence and extent of
valvular regurgitation in more than 2000 children [77].
While further research is required, these early studies do
show some promise for models that include task shifting as
a means of introducing population-level screening in high-
prevalence, resource-poor settings.

8.3. Acceptability of BPG
The success of primary and secondary prophylaxis would
benefit from improved acceptability of BPG. In practice,
this requires a regular supply of a high-quality product that
can be readily administered with minimal pain. The
development of longer-acting BPG formulations would
support adherence by reducing the frequency of injections
and the financial burden of administering prophylaxis for
both patients and programmes [52]. In the interim, an
innovative low-cost device that uses vibration to reduce
discomfort from BPG injections has been trialled in New
Zealand. When used with a local anaesthetic, the device
reduced the pain and fear reported by children [78].

Incentive-based interventions have been used to
improve medication adherence for conditions such as drug
or alcohol dependence, HIV and tuberculosis. A review
found that such incentives increased adherence by a mean
of 20 percentage points, but that effects varied widely [79].
Incentive-based interventions have been frequently used to
influence health-seeking behaviour in low- and middle-
income countries (e.g., to encourage antenatal care and
immunisations), and there is potential for secondary pro-
phylaxis to benefit from such schemes.

8.4. mHealth solutions
The use of mobile devices to support the delivery of
medical care or public health services is collectively termed
mHealth. Despite being a relatively new area of interven-
tion, there have been many pilot studies of a wide range of
applications. While there continues to be some debate
about the evidence base supporting the scale-up of
mHealth [80], there are a few applications that have the
potential to benefit RHD control. Applications have been
developed to support adherence to antiretroviral and
tuberculosis treatment, many of which have been designed
for use and trialled in developing country settings [81,82].

The SMS for Life application is a text message-based
platform for reporting stock levels of artemether-
lumefantrine (AL), the first line treatment for uncompli-
cated malaria, and also of rapid diagnostic tests (RDTs) for
malaria at peripheral facilities. In one pilot study con-
ducted among selected public facilities in Kenya, weekly
stock counts of AL packs and RDTs were sent via a
structured incentivised SMS communication process from
health workers’ personal mobile phones to a web-based
system accessed by district managers. At the end of the
pilot period, stock-outs of AL were eliminated and RDT
stock-outs declined by 24 percentage-points. The platform
has since been scaled up in Tanzania to include over 5,000
public health facilities across the country [83,84].

8.5. Patient and community empowerment
Strategies that seek to engage and empower people living
with RHD and their carers have the potential to greatly
enhance the RHD response. A diverse array of approaches
has been developed, largely as part of the response to
HIV/AIDS [85] and increasingly for non-communicable
diseases, which target different levels of individual
involvement. At one end of the spectrum, interventions
such as healthy living training for patients, one-to-one
counselling and patient support groups aim to increase
knowledge about the disease, influence treatment-seeking
behaviour and improve overall quality of life. For
example, some programmes have adopted the use of
patient-held records and RHD calendars that act as
treatment reminders, while providing health information
messages [52].

Approaches at the other end of the spectrum aim to
empower affected individuals to be more active advocates
and champions of a wider response. In Kenya, patients
are being enabled to provide each other with health
education and peer support [86]. In Fiji, a young RHD
patient-advocate currently sits as a permanent member
on the national RHD technical advisory committee,
which provides high-level technical advice to the Ministry
of Health. RHD patients and their carers in Fiji are also
represented on a national working group formed specif-
ically to better understand and address poor patient
adherence rates [87].

8.6. Access to tertiary interventions
With growing capacity for cardiac surgery in a number of
low- and middle-income countries, there is scope to
implement bilateral or regional programmes that allow
RHD patients living in countries with insufficient capacity
to access tertiary interventions abroad [52]. Such a recip-
rocal agreement has existed between Malta and the United
Kingdom since 1975 [88]. Under the agreement, nearly
300 Maltese nationals are referred annually for specialist
care in ophthalmology, cardiac surgery, oncology and
neurology, with one third of these patients being children.

8.7. GAS vaccine
The search for a GAS vaccine began in the 1950s yet,
despite early human trials, no effective product for clinical
use is available. Vaccine development faces several chal-
lenges, including limited commercial viability, the regional
GLOBAL HEART, VOL. -, NO. -, 2017
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TABLE 2. Potential solutions to address barriers to improved RHD control

Level of intervention Roadblock Potential solutions

Primary Prompt medical care is not sought for sore

throat in children and young people

� Targeted school- and community-level

education and awareness campaigns

Poor adherence to antibiotics � Targeted school- and community-level

education and awareness campaigns

� Ensure affordable and easy access to

effective treatment

� Provide single dose of injectable BPG

rather than longer course of oral

antibiotics

� Support and enable health care pro-

fessionals to deliver BPG injections confi-

dently and safely

� Reformulate BPG to make injections more

acceptable to patients and providers

Inappropriate management of sore throat in

primary or community care services

� Ensure practical, evidence-based local

guidelines are available and accessible

� Provide professional training on use of

guidelines

� Integrate guidelines into clinical education

and professional audit

� Consider use of point-of-care diagnostics

and clinical decision rules to improve

diagnosis

Reluctance to administer BPG due to

concerns for anaphylaxis

� Ensure guidelines include safe adminis-

tration techniques

� Deliver training to providers on the risk of

anaphylaxis and safe administration

techniques

� Ensure emergency kits and epinephrine

(adrenaline) syringes are available

Secondary RF cases are not identified � Ensure primary care staff are sufficiently

trained to identify suspected RF cases

� Ensure robust protocols exist for referring

suspected cases for definitive diagnosis

� Support access to essential technologies

including simple blood tests and

echocardiography

No register-based programme � Advocate for public investment in register

infrastructure, including the implementa-

tion of electronic register platforms

(eRegister)

� Seek external sources of funding and

technical support

Cases do not enrol or are not promptly

enrolled into a register-based

programme

� Targeted school- and community-level

education and awareness campaigns

about the value of secondary prevention

� Increase health workers’ awareness and

appreciation of register-based system

Enrolled cases are poorly managed � Ensure practical, evidence-based, local

treatment guidelines are available to

support delivery of standardised care

(continued)
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TABLE 2–continued. Potential solutions to address barriers to improved RHD control

Level of intervention Roadblock Potential solutions

� Provide professional training on use of

guidelines

� Integrate guidelines into clinical education

and professional audit

� Implement electronic register platform

(eRegister) to support follow-up and pa-

tient review

Reluctance to administer BPG due to

concerns for anaphylaxis

� Ensure guidelines include safe adminis-

tration techniques

� Provide training for providers on safe

administration techniques

� Ensure emergency kits and epinephrine

(adrenaline) syringes are available

Poor adherence to long term prophylaxis � Train staff to administer secondary pro-

phylaxis confidently and safely with min-

imal pain

� Ensure guidelines include advice on how

to support patient adherence

� Include reminder and recall systems in

register-based programmes

� Introduce outreach services to follow up

non-adherent patients

� Consider decentralised dispensing and

mobile injection delivery where feasible

� Consider mHealth reminder and incentive-

based solutions

� Implement empowerment strategies,

including patient/carer support groups

and awareness sessions

� Reformulate BPG to make injections more

acceptable to patients and providers

Tertiary Poor access to surgical interventions � Develop bilateral or regional programmes

to provide cross-border care

� Develop regional centres of excellence for

cardiac surgery in appropriate countries

Health systems RHD control is not prioritised � Conduct advocacy for RHD control

� Gather data on local burden of disease, its

economic impact and the benefits of

investing in RHD control

� Identify national RHD champions

� Mobilise RHD Advisory Committee

� Ensure RHD control is embedded within

government ministry/department of health

Insufficient funds � Conduct RHD control advocacy to mobilise

funding from government and other

sources

� Generate cost savings by integrating RHD

control into existing primary care and

other programmes

� Generate cost savings by employing effi-

cient medicines procurement strategies

(continued)
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TABLE 2–continued. Potential solutions to address barriers to improved RHD control

Level of intervention Roadblock Potential solutions

Poor availability of BPG and other essential

medicines for RHD control

� Ensure all required medications are regis-

tered with national regulator and included

on national formulary/essential medicines

list

� Train programme staff on effective fore-

casting, quantification, procurement and

distribution

� Strengthen information systems used to

manage procurement and distribution of

medicines

� Consider mHealth solutions to reduce risk

of stock outs

� Advocate for BPG production solutions at

a global level

Limited coverage of current RHD control

programmes

� Integrate RHD control into existing pri-

mary care and other programmes

� Provide training on RHD prevention and

control to primary health care workers

Preventive services are unaffordable � Targeted campaigns to increase aware-

ness of where to obtain affordable/public

preventive care

Poor access to diagnostics in peripheral

settings

� Ensure availability of essential laboratory

services and echocardiography in selected

sites

� Consider implementing anticoagulation

management in primary care, where

feasible

� Document the utility of rapid point-of-care

diagnostics for GAS infection to help build

the market case for these devices

gRECSj
variability of GAS strains and a theoretical risk of stimu-
lating an autoimmune response [70,89].

However, research has progressed and several vaccine
candidates against GAS infection are currently in various
stages of pre-clinical and clinical development. These
include M protein-based vaccines (N-terminal vaccine
candidates and M protein conserved region vaccines), and
non-M protein vaccine candidates representing conserved
GAS antigens [90,91].

In addition to preventing sore throat and RF, a GAS
vaccine could potentially provide protection against skin
infection/impetigo and severe invasive GAS disease
including pneumonia, bacteraemia, necrotising fasciitis and
streptococcal toxic shock syndrome. Unlike RF/RHD, these
invasive diseases cause significant morbidity and mortality
in high-income settings; a GAS vaccine relevant to both
high- and low-resource settings may provide a compelling
economic opportunity [89].

This market segmentation approach and the feasibility
of developing a viable product has recently garnered the
attention of the WHO Product Development for Vaccines
Advisory Committee [92]. Once available, a product
GLOBAL HEART, VOL. -, NO. -, 2017
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development partnership model may help to accelerate
progress towards the registration of an effective GAS vac-
cine. Since the 1990s, a number of these international
public-private collaborations have introduced a plethora of
new medications, vaccines and diagnostics to benefit
populations in low- and middle-income settings [93-95].

9. ROADMAP TO ADDRESS EXISTING ROADBLOCKS
Overcoming the barriersewhether individual, community
or system-relatedethat prevent individuals from receiving
care for sore throat, RF and RHD are crucial to achieving
optimal population-level RHD control. While the road-
blocks obstructing this journey will vary by setting, Table 2
charts a map of potential solutions that may be used to
overcome them.

10. ADAPTING TO DEVELOP REGIONAL AND
NATIONAL RHD ROADMAPS
The examples of successful, cost-effective and compre-
hensive RF/RHD control programmes implemented in
resource-constrained settings demonstrate the great
13
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potential for impact in other settings with high RHD bur-
dens [35,63,66,67].

As discussed above, the RHD and other WHF Road-
maps describe only general principles that must be adapted
to produce region- or country-specific roadmaps. The
WHF has described this process in a companion article
[96], but it generally involves:

� Developing and convening a multi-sectoral coalition to
undertake the adaptation,

� Conducting a situation analysis to characterise the
epidemiologic profile, the healthcare system and policy
environment,

� Conducting policy dialogues to identify and discuss
specific barriers and potential strategies that are appro-
priate to the given context,

� Developing a plan of action and a process to evaluate the
implementation of the selected strategies.

The process requires a broad range of stakeholders
(e.g., public health specialists, health care professionals,
government organizations, regional health organizations,
industry, advocacy and patient groups) and a broad range
of expertise (e.g., knowledge of medicine, cardiology,
prevention, health promotion, health systems, economics,
governmental priorities, and cultural and social contexts).

To support this general process, a set of tools has been
developed to adapt the WHF RHD Roadmap to specific
national contexts. RhEACH has prepared a detailed Needs
Assessment Tool to conduct the situation analysis and to
develop, implement, monitor and evaluate adapted
roadmaps.

In parallel, the WHF is developing additional guidance
for convening multi-sectoral coalitions and conducting
policy dialogues at national level. RHD country and global
scorecards will also be developed to facilitate progress
monitoring, international comparisons and evaluation of
attaining targets.

Over time, country and regional experiences will be
reported back and integrated with other emerging evidence
to inform the updating and revision of the WHF Roadmaps.
11. CONCLUSION
Effective interventions to prevent the devastating conse-
quences of RHD have existed for many decades. Yet, many
people die prematurely each year due to RHD related
complications, most of whom are from low- and middle-
income countries or from poor and vulnerable groups in
countries where the disease has, otherwise, disappeared.

The WHF Roadmap for improved RHD control iden-
tifies the various barriers that limit access to and uptake of
these proven interventions. It also highlights a variety of
proven and promising solutions that could be used to
overcome these ‘roadblocks’. As a general guide, this
Roadmap is meant to serve as the foundation for the
development of tailored plans of action to improve RHD
control in specific contexts.
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