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Abstract Rheumatic heart disease, a neglected disease,
continues to be a burden in India and other developing
countries. It is a result of an autoimmune sequalae in re-
sponse to group A beta hemolytic streptococcus (GAS)
infection of the pharynx. Acute rheumatic fever (RF), a
multisystem inflammatory disease, is followed by rheumatic
heart disease (RHD) and has manifestations of joints, skin
and central nervous system involvement. A review of epi-
demiological studies indicates unchanged GAS pharyngitis
and carrier rates in India. The apparent decline in RHD rates
in India as indicated by the epidemiological studies has to be
taken with caution as methodological differences exist
among studies. Use of echocardiography increases case
detection rates of RHD in population surveys. However,

the significance of echo based diagnosis of carditis needs
further evaluation to establish the significance. Research in
this area through prospective follow up studies will have to
be undertaken by the developing countries as the interest of
developed countries in the disease has waned due the de-
clined burden in their populations. Prevention of RHD is
possible through treatment of GAS pharyngitis (primary
prophylaxis) and continued antibiotic treatment for number
of years in patients with history of RF to prevent recurrences
(secondary prophylaxis). The cost effectiveness and practi-
cality of secondary prophylaxis is well documented. The
challenge to any secondary prophylaxis program for preven-
tion of RF in India will be the availability of benzathine
penicillin G and dissipation of fears of allergic reactions to
penicillin among practitioners, general public and policy
makers. The authors review here the progress and chal-
lenges in epidemiology, diagnosis and primary and second-
ary prevention of RF and RHD.
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Introduction

Acute rheumatic fever (RF), rheumatic heart disease (RHD)
and post-streptococcal glomerulonephritis (PSGN) are non-
suppurative sequelae of Streptococcus pyogenes or group A
beta hemolytic streptococcus (GAS) infections. The bacte-
rial pathogen is responsible for a wide variety of diseases
ranging from noninvasive mild infections like pharyngi-
tis, and impetigo to invasive, life threatening conditions
like bacteremia, pneumonia, necrotizing fasciitis and
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streptococcal toxic shock syndrome (STSS). The organ-
ism spreads rapidly through droplets and contact from
one person to another. The predominant M type strain
of GAS changes continuously.

The GAS serotyping scheme developed by Lancefield in
1928 is based on antiphagocytic M protein encoded by emm
gene [1]. There are 83 GAS M serotypes and many of the
GAS isolates are non-M serotypable [2]. Currently, emm
typing is done to identify the GAS serotype by a PCR based
sequencing method which identifies the N terminal variable
region of the M protein. The CDC website currently lists
more than 200 GAS emm types. Studies from India have
also reported a high degree of heterogeneity in the emm
types of GAS strains [3–9].

GAS Pharyngitis and Impetigo: Relationship with RF
and RHD

Thoughmajority of the pharyngitis are viral infections, around
26% of pharyngitis is estimated to be due to infection with
GAS [10]. It occurs predominantly in the winter season [6,
11]. Incidence of GAS pharyngitis ranges from 2.8 to 13.7 per
cent in India as compared to 9 to 34.1 per cent in other parts of
the world [6, 11]. The primary concern for GAS pharyngitis in
the pediatric population is due to RF in 3% of cases during
epidemics and 0.3% in endemic situations [12, 13]. RF is a
multisystem autoimmune inflammatory disorder and primari-
ly involves heart, joints, skin and central nervous system.
However, heart is the only organ which suffers permanent
damage. The clinical manifestations of RF include polyarthri-
tis, carditis, chorea, erythema marginatum and subcutaneous
nodules. The occurrence of carditis in first or recurrent epi-
sodes of RF can lead to RHD in 50% of RF patients. The risk
of RF is negatively correlated with age and number of years
since the last attack [14]. It increases with the number of
previous attacks and the presence of pre-existing RHD [14].
Though appropriate antibiotic treatment can prevent RF, a
clinician’s dilemma is that one third of GAS infection is
not evident [15]. GAS carriage rates have been shown to
range from 1.3 to 20% in school-age children in India [5,
6, 16, 17].

GAS impetigo is known to be prevalent at much higher
rates in developing countries than in developed countries
[10, 18]. It is uncommon in North India [6] but is more
common (6.9 per 100 children) in the tropical climate of
South India and in the aboriginal communities of northern
territories of Australia [19]. As the aboriginal communities
of Australia have one of the highest prevalence rates of
RHD with low incidence rates of GAS pharyngitis, a role
of GAS impetigo in the pathogenesis of RHD has been
hypothesized [20, 21]. However, well structured research
is required to confirm this hypothesis.

RF and RHD Epidemiology

Epidemiology of RF and RHD is radically different between
developed and developing countries. The socioeconomic
and environmental factors are known to play an important
part in contributing to the magnitude and severity of RF and
RHD. In developed countries, the peak incidence of RF is in
the 5 to 15 y age group, being rare below the age of 5 [22].
On the other hand, in developing countries the age at pre-
sentation for rheumatic mitral stenosis has been reported to
be below 12 and in 20% below 20 y [23]. Though, clinical
features of RF are similar in different parts of the world,
presentation of RHD in developed and developing countries
was reported to be different initially by two studies pub-
lished in 1960s from India [24, 25] and then by a study
comparing the characteristics of patients with mitral stenosis
from five non-Western and two Western countries [26].
Onset of symptomatic RHD with mitral stenosis occurred
within a short interval of symptom following RF in individ-
uals younger than 20 y. Mitral valve calcification, atrial
fibrillation and thromboembolic complications were infre-
quent among patients below 20 y. Further, an early devel-
opment (under 5 y) of established RHD and its rapid
progression to disabling cardiac involvement, termed as
“Juvenile Mitral Stenosis”, poses a major problem in India.
Similarly, a study from Saudi Arabia reported 43% mitral
stenosis in patients aged 20 y or less in 1981 [27], but the
rates declined with improved socio-economic status and
healthcare by 2001[28]. To update the findings of 1960s
study, systematic studies in RF are required in India.

The incidence of RF has declined in the high-income
countries since 1950s, which now have an annual incidence
of around 0.5 cases per 100,000 children of school age
compared to 100 to 200 cases per 100,000 in low income
countries [29]. Reduction in the incidence of RF is mainly
attributable to improvements in living conditions leading to
less crowding resulting in lower rates of transmission of
GAS. Carapetis et al [11] in 2005 suggested that the prev-
alence of severe GAS disease (acute RF, RHD, post-
streptococcal glomerulonephritis, and invasive infections)
was present in at least 18·1 million cases with 1·78 million
new cases added each year. The severe GAS disease results
in at least 517, 000 deaths each year. Major burden of the
GAS diseases was due to RHD which accounted for about
15.6 million people worldwide with 282, 000 new cases
annually and 233,000 deaths each year. The highest rates
of RF and RHD in the world are among Australia’s Aborig-
inal and Torres Strait Islander peoples living in remote areas
[11]. However, the absolute numbers of people afflicted
with RHD in this review were derived from very few studies
from Asia. Subsequently studies conducted between 2003 to
2007 in Asian countries were included [30]. It was estimated
that about 1.96 to 2.21 million cases of RHD are prevalent
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in the age group of 5 to 14 y and 10.8 to 15.9 million cases
exist in all ages in Asia.

Studies from India from 1988 to 2005 observed
marked heterogeneity in prevalence of RHD ranging
from 0.67 to 6.4 per 1000 [31–41]. Most of these epide-
miological studies were school based cross sectional
surveys carried out in different geographical locations
of the country with varying methodologies making it
difficult to understand the changes in trends of disease
burden. Since 1970, ICMR has conducted three large
multi centric studies (Year 1972–1975; 1982–1990 and;
2000–2010) among school children in the age group of 5
to 14 y using common methodologies across centres. The
first two studies used auscultatory clinical findings of
murmurs for the diagnosis of RHD [42]. The study
between 1972 to 1975 included schools at Agra, Allepy,
Bombay, Delhi and Hyderabad (n01,33,000), whereas
that between 1984 to 1987 included population at Delhi,
Varanasi and Vellore (total population covered02,17,000
with 53,986 children in age group of 5 to 14 y studied).
The prevalence rate of RHD observed in these studies at
different places in India is shown in Fig 1 and range
from 0.8/1000 to 11/1000 in 1970s to 1.0/1000 to 5.6/
1000 in 1980s [42]. A steep decline was observed in
RHD prevalence in Delhi within a decade by these two
studies [42]. In other study centres, the average reported
prevalence of RHD based on these two surveys was 3.4/
1000 (1972–1975) and 4.2/1000 (1984–1987), indicating
insignificant change in epidemiology of RHD from
1970’s to 80’s.

In 1991, India embarked on economic reform process
and by 2000, the country witnessed higher economic
growth rates and increase in life expectancy and urban-
ization. The increase in life expectancy along with
changes in the lifestyles has led to an increase in non
communicable diseases in the country along with yet
unfinished agenda of communicable diseases. In such a
changed scenario, it was considered important from pol-
icy point of view to revisit RHD in different states of
India so as to access whether public health system needs
to be toned up to reduce the burden of one of the

preventable cardiac disease of the pediatric population.
ICMR’s multicentric ‘Jai Vigyan Mission Mode Project
on RF/RHD’ was undertaken from 2000 to 2010 to
estimate the prevalence of RF/RHD in 176904 school
children in the age group of 5 to 14 y at Roopnagar
(Punjab), Shimla (Himachal Pradesh), Jammu (Jammu and
Kashmir), Jodhpur (Rajasthan), Mumbai (Maharashtra),
Indore (Madhya Pradesh), Vellore (Tamil Nadu), Kochi
(Kerala), Wayanad (Kerala) and Dibrugarh (Assam) [43]. It
is the largest study on RF/RHD from India. Primary screening
to identify abnormal heart sounds and murmurs was per-
formed by auscultation by a trained medical officer in the
school children in the age group of 5–14 y. Children with
abnormal heart sounds or murmurs during the primary screen-
ing were referred to a tertiary care hospital for confirmation of
the diagnosis using echocardiography. The prevalence of
RHD in this multicentric school study ranged from 0.13 to
1.5 per 1000 in school children in the age group 5 to 9 y and
0.13 to 1.1 per 1000 in the age group of 10 to 14 y. The
extrapolation of incidence of RF and prevalence of RHD
observed in this multicentric ICMR study to the entire country
has to be undertaken with utmost caution, as it might not have
been possible to register all cases from the defined population
through active surveillance using clinical examination of
school children for initial screening followed by echocardiog-
raphy in suspected cases and passive surveillance (RHD pop-
ulation registry data). Moreover this study does not have data
from some underdeveloped areas of India. There is a likeli-
hood of a higher burden of RF/RHD than estimated, as pock-
ets with lower development of healthcare infrastructure exist
in many states. Further, the apparent decline in RHD preva-
lence in this study (2000–2010) from the earlier ICMR studies
conducted in 1970s and 80s may be an artefact arising from
methodological differences used for diagnosis of RHD. Pre-
liminary comparison of prevalence rates of RHD based on
auscultatory clinical findings of murmurs in the two surveys
conducted between 1984–87 and 2000–2010 did not indicate
decline of RHD in Vellore, a centre which participated in both
the surveys. The study concluded that RF/RHD still appears to
be a problem of public health significance.

Use of Echocardiography for Detection of RHD Cases
in Population Surveys

The estimation of true burden of RHD in the community is
challenging because RHD can be asymptomatic [44], which
is only detected either incidentally during a medical exam-
ination or when the person becomes symptomatic. There is
absence of periodic medical checkups as well as life insurance
for a very large population in India. Therefore, development
of an affordable, highly sensitive and specific screening tech-
nique, capable of detecting asymptomatic cases is required for

Fig. 1 Prevalence /1000 of RHD in school children in age group of 5
to 14 y in ICMR studies conducted in 1970s and 1980s
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the estimation of true disease burden [45]. Though ausculta-
tory screening by specially trained community health workers
followed by echocardiography of suspected cases is cost
effective, the clinical evaluation to diagnose heart valve
lesions even by an experienced cardiologist has been docu-
mented to be inaccurate [46].

Onsite portable echocardiography is considered to be
highly sensitive for detection of heart valve lesions [44,
46]. However, specialized skills required and the high cost
of the equipment hampers its use for multicentric population
based surveillance [47]. Using echocardiographic diagnostic
criteria, prevalence rates of 62/1000 in Kenya, 21.5 per
1,000 in Cambodia, 30.4 per 1,000 in Mozambique, 48/
1000 in Nicaragua, 51 per 1000 in Bikaner (India) and
20.4 per 1000 in Ballabgarh(India) have been reported in
school going children [47–51]. The variation in case detec-
tion rates (10 to 55 times) by echocardiograhic vs. clinical
criterion alone in different studies may be due to non-
availability of standardized echocardiographic criteria. The
WHO criteria [52] for echocardiography Doppler detection
of subclinical RHD demonstrated the importance of criteria

consideration on the number of detected cases. Minor
changes in echo criteria may have a great impact on the
number of detected RHD cases. Nature Review Cardiology
has recently published World Heart Federation’s (WHF)
echocardiographic criteria for RHD aimed to permit rapid
detection of patients with subclinical RHD and placing them
on secondary penicillin prophylaxis [53]. Table 1 compares
the WHO and WHF’s criteria for echocardiography for
RHD. Though WHF criteria provide a uniform methodolo-
gy for rapid identification of individuals with RHD in the
absence of a clear-cut history of acute RF, implementation
of these guidelines in clinical practise requires skilled prac-
titioners [54]. The paucity of skilled practitioners within the
existing healthcare set up in a developing country may limit
the implementation of these guidelines, especially in popula-
tion surveys. This highlights the urgent need for development
and evaluation of simple strategies for echocardiography
based diagnosis of RHD cases. Mirabel et al [54] showed a
sensitivity of 73% for RHD case detection in children and a
positive predictive value of 92% for a simplified echocardio-
graphic criteria (single mitral regurgitation jet-length criterion)

Table 1 Comparison of criteria
used to define subclinical RHD
using echocardiography

WHO Criteria [52] 2012 WHF Criteria [53]

Doppler criteria Doppler criteria

i) A regurgitant jet >1 cm in length Pathological mitral regurgitation
(All four criteria must be met)ii) A regurgitant jet in at least 2 planes

i) Seen in two viewsiii) A mosaic colour jet with a peak velocity >2.5 m/s

ii) In at least one view, jet length ≥2 cm*iv) The jet persists throughout systole or diastole

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

iv) Pan-systolic jet in at least one envelope

Pathological Aortic regurgitation
(All four criteria must be met)

i) Seen in two views

ii) In at least one view, jet length ≥1 cm*

iii) Velocity ≥3 m/s in early diastole

iv) Pan-diastolic jet in at least one envelope
*A regurgitant jet length should be measured
from the vena contracta to the last pixel of
regurgitant color (blue or red).

No morphological criteria Morphological features

Features in the MV

i) AMVL thickening ≥3 mm for individuals
aged ≤20 y; ≥4 mm for individuals aged
21–40 y; ≥5 mm for individuals aged >40 y.

ii) Chordal thickening

iii) Restricted leaflet motion

iv) Excessive leaflet tip motion during systole

Features in the AV

i) Irregular or focal thickening

ii) Coaptation defect

iii) Restricted leaflet motion

iv) Prolapse
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as compared to a reference criteria based on combination of
Doppler and morphological features of rheumatic mitral and
aortic valves. Further, the high echocardiographic prevalence
of RHD reported from Kenya, Cambodia, Mozambique and
India is difficult to accept clinically. If correct, between 10 to
20/ 1000 adults around the age of 30 to 40 y should have RHD
in these countries. It is possible that echocardiographic
prevalence rates of RHD may either be grossly wrong
or extremely large number of deaths due to RHD occur
in <20 y age group for which there are no documentary
evidences.

Further, one third of RHD cases put on penicillin pro-
phylaxis reverted to normal in Bikaner (India) and Nicara-
gua [44, 55]. Even in the absence of penicillin prophylaxis,
no progression of majority of subclinical RHD lesions from
Ballabgarh (India) was observed after a relatively short
follow up [51]. These studies indicate the need to investigate
the natural course of subclinical RHD lesions and eventual
clinical outcomes through large prospective studies in dif-
ferent regions of the world.

Preventing RF

As GAS infection of pharynx is primarily responsible for
rheumatic fever, prevention of initial episode of acute rheu-
matic fever (ARF) requires proper diagnosis and treatment
of GAS pharyngitis.

Diagnosis of GAS Pharyngitis

Differential diagnosis of GAS pharyngitis from other bac-
terial and viral pharyngitis is difficult as none of the clin-
ical findings is specific for GAS pharyngitis. As per AHA
statement [56] and Indian consensus guidelines [57] on RF,
clinical findings suggestive of GAS pharyngitis are sudden
onset of sore throat, pain on swallowing and fever of
varying degree (usually from 101°F to 102°F) with head-
ache; abdominal pain, nausea, and vomiting also occur in
children. Additional clinical findings like beefy swollen,
red uvula, scarlet fever rash, soft palate petechiae, tonsil-
lopharyngeal erythema with and without exudates and
tender, enlarged anterior cervical nodes may also be con-
sidered [56]. AHA statement recommends that epidemio-
logical findings like 5–15 y age group, history of exposure
to GAS pharyngitis, high prevalence of GAS infection in
the community and the winter and spring seasons of the
year needs to be considered [56]. As accurate clinical
diagnosis of GAS pharyngitis is difficult from pharyngitis
of different origins, a throat culture or rapid antigen detec-
tion test (RADT) are recommended [56–58], which how-
ever does not differentiate between GAS pharyngitis and
carrier state. A selective use of culture and RADT in cases

where clinical and epidemiological findings suggest GAS
pharyngitis allows differentiation between a GAS pharyn-
gitis and carrier state [53], thereby limiting antibiotic us-
age. Additional laboratory tests include antistreptolysin O
(ASO), antideoxyribonuclease B, erythrocyte sedimenta-
tion rate (ESR), C-reactive protein (CRP) and complete
blood counts [56, 57] .

Diagnostic Criteria for RF

The guidelines for diagnosis of ARF first described by
Jones [59] in 1944 divide the clinical features into major
and minor manifestations. The major manifestations were
carditis, joint symptoms, subcutaneous nodules, and cho-
rea. Since then the guidelines have gone through several
revisions with the latest statement in 1992, largely in
response to the decreasing incidence of RF in USA [60].
The American Heart Association (AHA) in its Jones Cri-
teria workshop in 2000 [60], WHO 2004 guidelines [44]
and 2008 Consensus Indian Guidelines [57] reaffirmed
the adequacy of the 1992 ‘Jone’s Criteria Updated’.
AHA guidelines [61] recognized that strict adherence to
the Jones criteria in endemic regions may result in under-
diagnosis which would hamper the treatment of patients
with recurrent episodes of RF. Further, monoarticular
arthiritis and echocardiographic evaluation for manage-
ment of RHD may be considered in endemic parts of the
world. Significantly, National Heart Foundation of Aus-
tralia (NHFA) and the Cardiac Society of Australia and
New Zealand (CSANZ) review uses subclinical evidence
of RHD on echocardiography and mono-arthritis to in-
crease the sensitivity for identification of cases in high
risk groups (with ARF incidence rate of >30 per 100,000
per year in 5–14 y old and RHD prevalence rate of 2 per
1000 in all age groups) [62]. The guidelines issued by
various agencies since 1992 update of Jone’s criteria are
compared in Table 2. It is evident that the Indian Guide-
lines [57] did not take epidemiological settings into con-
sideration, nor was use of echocardiography for detection
of subclinical carditis advocated. At this juncture, it
appears that echocardiography may be helpful in placing
this neglected disease in nation’s health agenda but
whether such patients should be put on secondary peni-
cillin prophylaxis to prevent recurrence of RF is debatable
[63, 64]. Only large prospective studies on a cohort of
subclinical carditis with and without benzathine penicillin
prophylaxis may provide clues to this paradox.

Prevention of RF: Primary and Secondary Prevention

The primary prevention of RF involves treatment of GAS
infections whereas the secondary prevention of RF is to
prevent colonization of pharynx with GAS and recurrent
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attacks of RF. Antibiotics are administered continuous-
ly to patients with a previous attack of RF or docu-
mented evidence of RHD [56, 57]. Penicillin is the
drug of choice as in spite of its usage for more than
60 y, GAS resistant to this antibiotic has never been
documented [65]. There are number of guidelines for
the management of RF and RHD including 2004
WHO Guidelines [44], 2008 Consensus Indian Guide-
lines [57], 2006 NHFA and CSANZ Review [62] and
2009 AHA statement on RF [56]. Table 3 compares
these guidelines. The guidelines mainly vary as to the
weight at which the dose of benzathine benzylpenicil-
lin dose is increased, which further depends on the
prevalence rates of disease in the population. The
selection of the treatment regime is based on its ease
of adherence to the recommended regimen (frequency
of daily administration, duration of therapy, and palat-
ability), bacteriologic and clinical efficacy, spectrum
of activity of the selected agent and potential side
effects and the cost.

Challenges in Primary Prevention of RHD

The cost effectiveness of penicillin prophylaxis as pri-
mary and secondary prevention tools vs. the surgical
interventions required for surgical valve management in
RHD has been documented in developing countries. In
a low socio-economic population of Brazil, the direct,
indirect, and total costs to society per 100 patients
throughout the entire disease duration has been esti-
mated to be US$ 271/patient/year, US $48/patient/year
and US $319/patient/year respectively [66]. In India,
the direct, indirect, and total costs for primary, second-
ary and tertiary prevention of RF/RHD have been cal-
culated in the 5 to 15 y population (n0178,069) of
Pondicherry (Census 2001; total population 974,345)
[67]. As the disease of non-affluent sections of society
is expected to be largely catered by government hospi-
tals in India, therefore, the costs used for treatment/
procedure are based on the rates in government setup
of JIPMER, Pondicherry. The study estimated that the

Table 2 Comparison between guidelines for diagnosis of rheumatic fever

Manifestations AHA 
Update 
199260

WHO 
200144 

Australian 
2005 High 

Risk 
Group62

Australian 
2005 All 
Other 

Groups62

Indian 
Pediatrics 

200857

Carditis 
Subclinical evidence 

of rheumatic valve 
disease on 
echocardiogram 

Long PR 
Polyarthritis 
Monoarthritis 
Polyarthralgia 
Subcutaneous nodules 
Chorea 
Erythema marginatum
Pre-existing RF/RHD 
Fever, WBC, ESR, CRP  
Recent streptococcal 

infection 

Major           Minor Special consideration
Initial episode of ARF / Recurrence in a patient without established heart disease : 2 major or 1 major and 2 minor manifestations plus evidence of
a preceding GAS infection

Recurrence in a patient without established heart disease: 2 minor manifestations plus evidence of a preceding GAS infection
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total cost (including direct and indirect costs) of pri-
mary prevention of RF/RHD required for Pondicherry
(12,55,386 episodes of sore throat at 7.05 per child
year or 1,69,166 total episodes of sore throat due to
GAS) will be 190 million rupees/year (1 million
rupees020,000 US$) vs 160 million rupees/year for
secondary prevention and tertiary management of
1068 RHD cases will require 280 million rupees/year
in Pondicherry alone. The cost of operation alone on
an average is around Rs 60,500 per procedure [67] and
poses a financial burden to the family. This was also
shown by the ICMR study “Jai Vigyan Mission Mode
project on RF/ RHD”; financial constraints was cited as
the cause for not undertaking cardiac intervention in
57% and 63.6% of RHD cases in Chandigarh and
Vellore (unpublished) in which cardiac intervention
was required. Thus, it is important to undertake prima-
ry/secondary prevention and control measures at popu-
lation level for reducing the burden of RF/RHD.

Though primary prevention of RF/RHDs through
penicillin prophylaxis theoretically sounds good, it is
actually difficult to undertake [68] due to:

(i) Difficulties in differential diagnosis of GAS
pharyngitis from other pharyngitis based on his-
tory and clinical findings

(ii) Requirement of laboratory infrastructure and
trained manpower for identification of GAS sore
throats through culture

(iii) Requirement of large number of GAS pharyngitis
sore throats to be treated for preventing RF though
only 0.3% to 3% of the GAS pharyngitis convert
to rheumatic fever

(iv) Concerns regarding widespread usage of antibiotic
for treatment of GAS sore throats may actually
provide an environment for selective pressure for
new antimicrobial resistance to develop.

Despite these drawbacks, primary prevention of RF
was successfully implemented in Costa Rica and Cuba
by using: clinical algorithms which eliminated the need
for throat swab cultures for confirmation of GAS phar-
yngitis; single intramuscular injection of benzathine
penicillin in clinically diagnosed cases of GAS sore
throat and; advocacy for the need for prevention of
GAS pharyngitis in community [68]. Though, it will
be important to replicate this model in India, method-
ologies will have to be tailored to the local needs
including methods addressing considerably large num-
ber of asymptomatic GAS carriers (1.3 to 20%) among
school-age children in the country [5, 6, 16, 17].

Secondary Prophylaxis for Prevention of RF in Developing
Countries

Keeping the limitation of primary prophylaxis in view, it is
evident that an anti-streptococcal vaccine can be a potent tool
for primary prevention of RF. Given the marked heterogeneity
in GAS strains circulating in India [3–9], as mentioned earlier,
the development of M protein N terminal based vaccine
specific to the settings of a developing country like India is
going to be extremely challenging. Efforts for vaccine devel-
opment based on non M protein antigens including carbohy-
drates, C5a peptidase and fibronectin binding protein are
underway globally. Discussion on different strategies being
used worldwide for development of vaccine against GAS [69,
70] is beyond the scope of current review. As development of
a country specific vaccine against GAS remains a distant
possibility, concerted efforts need to be made towards other
effective public health prevention and control measures.

Secondary prophylaxis involving administration of ben-
zathine penicillin G injections every 2 to 3 wk for years
together in patients with history of RF to prevent recurrent
episodes, through RF RHD registries, is cost effective and
practical in developing countries like India. Such a RF RHD
registry based program will require a continuous supply of
benzathine penicillin in all Indian States. In the ICMR study,
the Centres faced difficulty in providing benzathine penicil-
lin to RF/RHD patients due to shortage of this drug in the
market. Further, some states like Tamil Nadu have pro-
hibited use of injectable penicillin and only oral penicillin
is available. The shortage in supplies of benzathine penicil-
lin and fear of allergic reaction to benzathine penicillin
contribute towards inadequate treatment of RF patients. As
compliance to benzathine penicillin is of utmost importance
in secondary prevention of RF an advocacy of the following
facts among physicians, general public and policy makers
may be helpful in decreasing the fear of allergic reactions:

i. Allergic reaction to penicillin is rare in children [55, 71]
and occurs only in a small percentage of individuals.

ii. Allergic reactions can be circumvented by obtaining careful
history regarding allergic reaction to penicillin and admin-
istration of the injection by medical practitioner only.

Management of this disease in ‘National Program for
Prevention and Control of Cancer, Diabetes, CVD and
Stroke’ in India will go a long way in reduction of this
preventable cardiac disease of the pediatric population.

In conclusion, RHD remains a disease of public health
concern. The role of echocardiography in diagnosis of RHD
in patients without clinical symptoms of carditis needs to be
investigated to understand the course of subclinical valvular
regurgitation and the pathology of RF. Also, given the
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resource constrained settings of a developing country like
India, there is an urgent need for development and evaluation
of simple strategies for echocardiography based diagnosis of
RHD cases for carrying out RHD surveillance in a school
setting. Primary prophylaxis for treatment of GAS pharyngitis
and secondary prophylaxis for RF prevention are available.
The challenge will be to develop a model suitable to India for
primary prophylaxis and establish nationwide registry pro-
gram for administering secondary prophylaxis to prevent re-
curring RF episodes in India. Such a program will help in
prevention of this preventable pediatric cardiac disease.
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