
A REVIEW OF THE TECHNICAL BASIS FOR THE CONTROL OF CONDITIONS ASSOCIATED WITH GAS INFECTIONS

i

A Review of the Technical
Basis for the Control of
Conditions Associated with
Group A Streptococcal
Infections

Department of Child and Adolescent Health and Development
World Health Organization

DISCUSSION PAPERS ON CHILD HEALTH
G

RO
UP

 A
 S

TR
EP

TO
CO

CC
AL

 D
IS

EA
SE

S
C

A
H

WHO/FCH/CAH/05.08



ii

GROUP A STREPTOCOCCUS

© World Health Organization 2005

All rights reserved. Publications of the World Health Organization can be obtained from Marketing and
Dissemination,World Health Organization, 20 Avenue Appia, 1211 Geneva 27, Switzerland (tel: +41 22 791 2476;
fax: +41 22 791 4857; email: bookorders@who.int). Requests for permission to reproduce or translate WHO
publications – whether for sale or for noncommercial distribution – should be addressed to Publications, at the
above address (fax: +41 22 791 4806; email: permissions@who.int).

The designations employed and the presentation of the material in this publication do not imply the expression of
any opinion whatsoever on the part of the World Health Organization concerning the legal status of any country,
territory, city or area or of its authorities, or concerning the delimitation of its frontiers or boundaries. Dotted lines
on maps represent approximate border lines for which there may not yet be full agreement.

The mention of specific companies or of certain manufacturers’ products does not imply that they are endorsed or
recommended by the World Health Organization in preference to others of a similar nature that are not mentioned.
Errors and omissions excepted, the names of proprietary products are distinguished by initial capital letters.

The World Health Organization does not warrant that the information contained in this publication is complete and
correct and shall not be liable for any damages incurred as a result of its use.

The named authors alone are responsible for the views expressed in this publication.

Acknowledgements

WHO/CAH wishes to thank Prof. Jonathan R Carapetis, Centre for International Child Health, University of Melbourne
Department of Paediatrics, Royal Children's Hospital, Melbourne, Australia for undertaking this review, and Dr.
Andrew C Steer and Prof. E. Kim Mulholland, Royal Children's Hospital, Melbourne, Australia, for contributing to it.
WHO/CAH is grateful to Drs. Alan Bisno, Singh Chhatwal, Hala Hamsa, Ed Kaplan, Fran Rubin, and Anne Schuchat
for reviewing the draft manuscript and providing valuable comments.



A REVIEW OF THE TECHNICAL BASIS FOR THE CONTROL OF CONDITIONS ASSOCIATED WITH GAS INFECTIONS

iii

Table of Contents
Executive summary ................................................................................................................................................. iv
Introduction .............................................................................................................................................................. 1
Potential approaches to controlling GAS diseases ................................................................................................ 2

Primary prevention ............................................................................................................................................. 3
Reducing overall exposure to GAS ............................................................................................................. 3
Primary prophylaxis...................................................................................................................................... 3
Primary prevention of skin infections ........................................................................................................... 4
Antibiotic treatment to interrupt transmission of organisms ........................................................................ 4
Immunisation ................................................................................................................................................ 4

Secondary prevention ....................................................................................................................................... 4
Early and correct diagnosis of ARF. ............................................................................................................ 4
Secondary prophylaxis. ............................................................................................................................... 4

Tertiary prevention ............................................................................................................................................. 4
Management of RHD patients. ..................................................................................................................... 5
Treatment and rehabilitation of invasive GAS infections. ............................................................................ 5

Evidence for certain control strategies ................................................................................................................... 6
Primary prophylaxis ........................................................................................................................................... 6

Public health impact of treating GAS pharyngitis ........................................................................................ 7
Primary prevention of skin infections ............................................................................................................... 10

The potential benefits of controlling skin infections ................................................................................... 14
Antibiotic treatment to interrupt transmission of GAS ..................................................................................... 14
Immunisation .................................................................................................................................................... 15
Comprehensive streptococcal control programs ........................................................................................... 16
Secondary prophylaxis and RHD control programs ....................................................................................... 16

Diagnosis of ARF ........................................................................................................................................ 19
Medical and surgical management of RHD patients ...................................................................................... 20
Cost-effectiveness of different prevention strategies ...................................................................................... 21

Conclusions ........................................................................................................................................................... 24
Priority Issues ........................................................................................................................................................ 26
Appendix 1: The possible link between GAS skin infections and acute rheumatic fever .................................. 27
References ............................................................................................................................................................ 31



iv

GROUP A STREPTOCOCCUS

Executive summary

Group A streptococcus (GAS) causes a diverse spectrum of disease.  In the past, most GAS control activities
have fallen under the categories of register-based rheumatic heart disease (RHD) secondary prophylaxis programs,
and management of acute rheumatic fever (ARF), RHD and sore throat / GAS pharyngitis. The prevention and
control of ARF/ RHD and streptococcal pharyngitis have also been the most researched topics in the literature.
However, these activities do not encompass the entire range of potential strategies for controlling GAS diseases.

Of the available control strategies, secondary prophylaxis (defined as the delivery of regular doses of penicillin to
ARF/RHD patients to prevent recurrent ARF and worsening RHD) is the only one that has been shown to be both
effective and cost-effective at the community/population level.  In populations with high prevalence of RHD, delivery
of secondary prophylaxis should be the major priority for control of GAS diseases.  Coordinated register-based
RHD control programs appear to be the most effective method for delivering secondary prophylaxis and have the
added benefit of improving clinical follow-up of patients and providing a mechanism for delivery of targeted
health promotional messages.  Past efforts to expand RHD control programs have had mixed success.  Future
strategies should concentrate on ensuring that programs are properly resourced, not overly ambitious in their
early stages, and are systematically evaluated.  The issue of the availability and quality of BPG supplies requires
urgent attention.  The diagnosis of ARF remains difficult in many countries, and the American Heart Association's
Jones Criteria Working Group has called for more clinical research in this area.  It is clear that this research should
particularly be focused in developing countries and other populations with high ARF incidence.

Tertiary prevention of RHD (the provision of medical and surgical treatment to patients with RHD and heart failure)
is expensive and largely palliative. Moreover, it deals with the provision of care to patients with preventable
disease. Therefore, tertiary prevention of RHD should theoretically be the least important and therefore least
resourced aspect of GAS control. Unfortunately, in many countries this strategy has become the focus of RHD
control and consumes the majority of the RHD control budget (and a substantial proportion of the entire health
budget).  While the importance of treating patients in cardiac failure from RHD cannot be ignored, the cost-
effectiveness of improving adherence to secondary prophylaxis - and thus reducing the number of RHD patients
requiring surgical and medical treatment - clearly argues in favour of secondary rather than tertiary prevention.

There is currently no strategy for primary prevention of GAS diseases that has a proven cost-effective benefit at
the population level. Of the existing primary prevention interventions, primary prophylaxis of ARF (antibiotic treatment
of symptomatic GAS pharyngitis) has been the most intensively studied, advocated and practised.  In particular,
the use of simpler antibiotic treatment regimens (e.g. once-daily oral amoxicillin) and clinical algorithms for the
diagnosis of GAS pharyngitis have received considerable attention in recent years.  However, the available evidence
suggests that, even when implemented at an optimal level using school-based surveillance and treatment (programs
that are neither practical nor affordable for most less developed countries), primary prophylaxis can prevent only
a minority of cases of ARF. The efficacy of large-scale primary prophylaxis programs in reducing transmission of
GAS and incidence of GAS pharyngitis has been demonstrated, although this strategy is unlikely to be cost-
effective. The impact of this approach on invasive GAS disease and acute post-streptococcal glomerulonephritis
(APSGN) is not known. Although some middle-income countries may choose to implement surveillance-based
primary prophylaxis programs on a large scale for the prevention of ARF, this strategy cannot be recommended
for poorer countries, where the major burden of ARF exists.
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Community-based approaches for controlling scabies have had demonstrated success in reducing the prevalence
and severity of GAS skin infections.  It is possible that mass administration of ivermectin for filariasis in many
countries may have had an important secondary benefit by reducing scabies and skin infections; this is not
known, but could be relatively easily determined.  There is the potential for other strategies addressing personal
and community hygiene (including swimming pools), insect bites, and targeted antibiotic treatment to be added
to scabies programs to further reduce rates of skin infections; this has not been properly studied.  The control of
GAS skin infections and the likely effect of preventing APSGN and invasive disease is sufficient argument to
support the widespread implementation of healthy skin programs in communities with high rates of scabies and
pyoderma.  The possibility that these programs may have the added benefits of preventing ARF and improving
other aspects of child health is further impetus for their implementation and for a detailed evaluation of their health
impact.  This strategy has the potential to be the most effective and practical approach for primary prevention of
GAS diseases in less developed countries.

Mass antibiotic treatment remains a valid strategy for prevention and control of outbreaks of GAS diseases in
particular situations.  These include the prevention of ARF in military institutions and control of focal APSGN
outbreaks.  Targeted antibiotic treatment - e.g. to family contacts of cases of invasive GAS disease - is of unproven
efficacy and could potentially only prevent a very small minority of cases.

The most successful GAS control activities have combined multiple strategies including primary prophylaxis,
treatment of skin infections, health promotion, secondary prophylaxis and RHD registers. Although effective, these
comprehensive programs require a substantial commitment from individuals and organisations (including Ministries
of Health).

In light of the current lack of a clear strategy for primary prevention of GAS infections, there is definitely a place for
a safe, effective, affordable and practical GAS vaccine.  It appears likely that the vaccine most advanced in
development - a multivalent, type-specific vaccine - will not provide sufficient and long-lasting protection in less
developed countries, although this should be assessed.
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Introduction

Large-scale activities to control GAS diseases historically have fallen mainly under the categories of register-
based rheumatic heart disease (RHD) secondary prophylaxis programs, and management of acute rheumatic
fever (ARF), RHD and sore throat / GAS pharyngitis. The prevention and control of ARF/ RHD and streptococcal
pharyngitis have also been the most researched topics in the literature.  However, because these activities do not
encompass the entire range of potential strategies for controlling GAS diseases, this review will cover the technical
basis for past and current approaches, as well as other potential approaches.

Because some diseases caused by GAS are not due to active infections (e.g. ARF, RHD, and acute post-
streptococcal glomerulonephritis - APSGN), this report will refer to GAS diseases rather than GAS infections,
except where specific active infections are inferred (e.g. invasive GAS infections).
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Potential approaches to controlling GAS diseases

Figure 1 outlines a simplified approach to understanding the spectrum of GAS diseases, and Table 1 details the types of
prevention strategies that could potentially be used. There is some debate as to whether the following interventions
technically fall into the categories of primary, secondary and tertiary prevention as defined by Last. (1) For example, it
can be argued that secondary prophylaxis is tertiary, rather than secondary prevention.  However, such arguments
are largely semantic. These categories are retained for simplicity.

This document will focus on approaches that can be implemented at a community or population level.  Although
issues such as the diagnosis of ARF and treatment of invasive GAS diseases are important and may have a
substantial impact on public health approaches to controlling these diseases, they are primarily clinical issues
and are therefore beyond the scope of this review.

Figure 1.  A simplified approach to the spectrum of GAS diseases and potential
prevention strategies

Group A streptococcus

Skin Upper respiratory tract

Infection  (Pyoderma) Infection  (Pyoderma)ColonisationColonisation
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PRIMARY PREVENTION
This refers to measures aimed at reducing exposure to GAS organisms, preventing GAS disease once the organism
has been encountered, or to preventing the direct sequelae of superficial infection.  The following primary prevention
strategies may be considered:

Reducing overall exposure to GAS
This refers to interventions that reduce the number of organisms in a population, or the likelihood of transmission.
This is the main mechanism by which many GAS diseases have become relatively uncommon in more developed
countries over the past century.  In this context, it mainly refers to improved living standards and improved hygiene.
GAS is a highly transmissible organism. (2, 3) The importance of crowding in transmission of GAS has been well
demonstrated in US military studies and other case reports of focal outbreaks. (4-7) Some strategies within this
category may theoretically be feasible – e.g. reducing classroom sizes in schools – but for the most part these
changes are intrinsically linked with economic development.  Although this must remain the ultimate goal, it
cannot form the basis of a coherent control strategy in the short to medium term, and will not be further addressed
here.  The exception is mass antibiotic treatment (see below).

Primary prophylaxis
This refers to the prevention of ARF by timely and complete antibiotic treatment of GAS pharyngitis.  It has been
very well demonstrated that a 10-day course of an appropriate oral antibiotic (usually oral penicillin V) or a single
dose of long-acting intramuscular penicillin (benzathine penicillin G - BPG), if administered within 9 days of the
onset of symptoms of GAS pharyngitis, will prevent most cases of ARF. (8-10)  It has never been demonstrated
that antibiotic treatment of GAS pharyngitis or pyoderma is able to prevent APSGN. (11)

1. Primary prevention

Reducing overall exposure to GAS
Primary prophylaxis
Primary prevention of skin infections
Antibiotic treatment to interrupt transmission of organisms
Immunisation

2. Secondary prevention

Early and correct diagnosis of ARF*

Secondary prophylaxis

3.  Tertiary prevention

Management of RHD patients
Treatment and rehabilitation of invasive GAS infections *

Table 1.  Outline of approaches to preventing GAS diseases

* Not addressed further in this document, as these topics relate primarily to clinical care rather than public health
interventions.
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Primary prevention of skin infections
Because GAS skin colonisation precedes skin infection, and superficial skin trauma (e.g. from scratching due to
scabies infestation or insect bites) is a pre-requisite for GAS infection, there is the potential for preventing skin
infections by preventing or eradicating GAS colonization (e.g. via washing and other hygiene interventions) or
underlying infestations (e.g. scabies control programs).

Antibiotic treatment to interrupt transmission of organisms
This intervention is aimed at treating the infection and also preventing transmission of virulent organisms to others.
Interruption of transmission is a consequence of antibiotic treatment of GAS pharyngitis (e.g. by eradicating
carriage of pharyngitis-causing GAS organisms, they cannot be spread to others), and also of antibiotic treatment
of skin infections.  This approach may be extended to the possibility of mass antibiotic treatment of a group of at-
risk people, in an attempt to simultaneously treat those infected with a virulent GAS strain and prevent transmission
to those not yet infected.  Such a strategy may be particularly useful in certain disease outbreaks (e.g. APSGN,
ARF) or when close contacts of infected people are considered at increased risk (e.g. invasive GAS infections).

Immunisation
Although there have been multiple attempts to produce a GAS vaccine for approximately a century, none of the
candidate vaccines has proceeded beyond preliminary animal or human studies until recently. Currently, there is
one GAS vaccine in phase 2 human trials, and a number of others approaching human trials.

SECONDARY PREVENTION
This refers to early detection of GAS diseases, such that interventions can be instituted to prevent sequelae
developing.  The only secondary prevention measures widely practiced are those aimed at ARF and RHD:

Early and correct diagnosis of ARF
This is difficult in many settings, because of the non-specific nature of the diagnostic criteria for ARF, and the lack
of suitable laboratory and echocardiographic facilities.  Accurate diagnosis has the potential to be life-saving, not
only because severe acute cardiac failure may be managed, but also because secondary prophylaxis may be
commenced.

Secondary prophylaxis
This refers to the regular administration of antibiotics (usually intramuscular BPG every 3 to 4 weeks or twice-daily
oral penicillin V) for many years to people with ARF or RHD, in order to prevent recurrences of ARF that may lead
to the onset or increased severity of RHD.

TERTIARY PREVENTION
This refers to measures to reduce the severity or long-term impact of GAS diseases. In practice, it mainly refers to
management of patients with RHD or the sequelae of invasive GAS infections. Because the extent to which APSGN
contributes to end-stage renal disease (ESRD) prevalence is not clear, renal failure management programs will
not be included here. However, it should be recognized that APSGN may be a major causative factor in some
populations with very high rates of ESRD (e.g. Aboriginal Australians). (12)
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Management of RHD patients
This specifically refers to the treatment of cardiac failure (including medical and surgical treatment such as cardiac
valvotomy, valve repair or replacement), and prevention and management of endocarditis and stroke. Ideally, the
management and follow-up of RHD patients is linked with register-based secondary prophylaxis delivery, as part
of a coordinated RHD control program.

Treatment and rehabilitation of invasive GAS infections
This particularly refers to the sequelae of necrotising fasciitis.  These patients may suffer amputations or scarring,
requiring long-term physical and psychological rehabilitation.
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Evidence for certain control strategies

PRIMARY PROPHYLAXIS
The efficacy of primary prophylaxis in preventing individual cases of ARF is proven beyond doubt.  There have
been some questions in recent years about the most appropriate regimen, given that the incidence of penicillin
treatment failure of GAS pharyngitis appears to be increasing. (13, 14) However, the affordability, availability, and
continued high efficacy of penicillin mean that it remains the recommended first-line therapy for GAS pharyngitis.
(15, 16)  Recent studies have suggested that once-daily oral amoxycillin may be as effective as twice- or thrice-
daily oral penicillin,(17, 18) although direct comparisons with single-dose benzathine penicillin G have not been
made.

In 1991, the WHO Global Acute Respiratory Infection treatment programme recommended that, in countries
where there were no other guidelines and in the absence of adequate microbiological diagnostic facilities, children
aged less than 5 years should be presumptively treated for streptococcal pharyngitis if they had pharyngeal
exudate and tender, enlarged cervical lymph notes.(19)  It is widely acknowledged that these recommendations
apply to school aged children as well.  A 1999 WHO meeting called for the development of better tools for the
clinical diagnosis of GAS pharyngitis.(20) The use of clinical algorithms to identify patients with a high likelihood of
GAS pharyngitis has been contentious for many years.  Numerous studies have produced highly variable positive
and negative predictive values of such algorithms. (21-28)  It has been argued that, if clinical algorithms perform
imperfectly under research conditions, they are even less likely to be useful in countries where the working conditions
and training of health staff are highly variable. (29)  WHO is presently co-funding another multi-centre study to
determine the performance of the WHO criteria and other clinical predictors.(30)  The report of that study is not yet
available. It is mainly hospital based, so may not have the potential to evaluate the effectiveness of the algorithm
at the level of the community clinic.  A better clinical algorithm could substantially reduce over-prescription of
antibiotics for sore throat in many settings, although an algorithm that is insensitive would potentially result in many
cases of ARF that could otherwise have been prevented with primary prophylaxis.

It has been suggested that, should it be demonstrated that clinical algorithms have insufficient sensitivity and
specificity, WHO should support an effort to develop a cheap rapid antigen test that could be used in developing
countries for microbiological confirmation of GAS pharyngitis. (31, 32)   Supplying primary care clinics in developing
countries with rapid antigen tests and ensuring that health care workers were properly trained in their use would
be difficult and expensive.  This approach should only be undertaken in the knowledge that it would have a
substantial benefit in terms of ARF prevention, and would be cost-effective.

It is not clear, however, that primary prophylaxis is effective as a public health strategy.  Recommendations for
primary prophylaxis range from targeted treatment of those with proven GAS culture- or antigen-positive pharyngitis
(usually not requiring serological confirmation), to targeted treatment of those with an increased likelihood of GAS
pharyngitis based on clinical features, to mass treatment of all children with sore throat without the need for throat
swabbing.  It has been acknowledged that the facilities, resources, skills and patient compliance available in most
less developed countries make a strategy based on microbiological diagnosis of patients with sore throat
unworkable. (33, 34)
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Because only approximately one-third of cases of sore throat in children (and 5-10% in adults) in affluent,
temperate countries are due to GAS, (35, 36) the approach of treating all patients with sore throat would
be very expensive and result in unnecessary antibiotic treatment of many patients who do not have GAS
pharyngitis.  This has the associated dangers of adverse events and emergence of antibiotic-resistance
in organisms such as pneumococci.  A policy of treating all sore throats in children using intramuscular
BPG, introduced in Costa Rica during the 1970s, was temporally associated with a dramatic reduction in
the incidence of ARF (Arguedas & Mohs, 1992).  However, the major part of the decline occurred prior to
the increased use of BPG.  This suggests that other factors, possibly related to the establishment of a
national health plan at the same time, may have contributed to the reduction in new cases of acute
rheumatic fever.  In some populations with high ARF incidences, for example in Aboriginal Australians,
this strategy is recommended. (37)  However, neither the American Heart Association or WHO recommends
this strategy universally.

In some countries where ARF is now rare (e.g. the United Kingdom and Australia), there are increasing
calls to abandon the antibiotic treatment of GAS pharyngitis, with the argument that the clinical effect of
treatment is minimal, and the rarity of ARF makes its prevention a minor consideration. (38-40)

So, there continues to be debate about the treatment regimen that should be used in GAS pharyngitis,
the most appropriate means of identifying which sore throat patients should be treated, or even whether
GAS pharyngitis should be treated at all.  The cost-effectiveness of primary prophylaxis is discussed
later in this report.  However, there is conflicting evidence to support the contention that, even if an
agreed and workable diagnostic and treatment strategy can be identified for the treatment of GAS
pharyngitis, it will have a substantial public health impact, particularly on the incidence of ARF.

Public health impact of treating GAS pharyngitis
On theoretical grounds, it is not clear that such a strategy would have the potential to prevent most cases
of ARF in a population.  Even if all cases of sore throat caused by GAS were identified within nine days of
onset and all of these cases took a complete course of an appropriate antibiotic, and assuming that such
an intervention retained the high level of efficacy found in the early studies of primary prophylaxis, most
cases of ARF do not follow a symptomatic sore throat and are therefore not preventable using sore throat
treatment.  In a careful study from Chile, 52% of ARF patients had no evidence of prior sore throat or
scarlet fever, and another 40% had doubtful histories of prior GAS infection. (41)   During the resurgence
of rheumatic fever in the USA during the 1980s, only 28% of patients reported a history of sore throat. (42)
In the Australian Aboriginal population, <10% of ARF cases reported a preceding sore throat. (43)
Moreover, many people with sore throat do not attend medical services or do not receive antibiotics if
they do attend.  In the recent US outbreaks, more than one-third of people with ARF who reported a
recent sore throat either did not see a doctor at the time or were not prescribed antibiotics. (42) In Chile,
only 8% of ARF patients had a definite GAS pharyngitis preceding the episode, of whom three-quarters
attended a medical clinic and half received an antibiotic prescription. (41)  The difficulty in interpreting
these data is that they do not provide information about the number of cases of GAS pharyngitis (and
thus potentially avoided ARF cases) that were treated with antibiotics in the same population.  In countries
such as the USA, where sore throat diagnosis and GAS pharyngitis treatment is widely advocated, it may
be that most potential ARF cases are prevented by treatment of GAS pharyngitis. Better data from countries
that claim lower rates of antibiotic treatment of GAS pharyngitis – e.g. some countries in Europe – may
clarify the potential impact of primary prophylaxis on ARF incidence.
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Of course, the overall effect in a population of primary prophylaxis may be greater than the direct effect on those
treated if this strategy reduces the transmission of “rheumatogenic” GAS strains to others.  As will be discussed
later, antibiotic treatment of GAS pharyngitis has the potential to eradicate carriage of GAS, and mass treatment
with antibiotics can prevent transmission to others.  However, the effectiveness of treating GAS pharyngitis as a
means of interrupting transmission of rheumatogenic GAS strains is unknown.

The potential for school-based surveillance and treatment of streptococcal pharyngitis to prevent ARF on a large
scale was first raised in the USA during the 1950s, initially in a program with limited success, (44) but then later in
a more comprehensive approach in the district of Casper in Wyoming, USA. (45)  Over two years, 6,460 primary
school children were asked daily if they had symptoms of respiratory infection, and those with symptoms had
nasopharyngeal cultures taken. Any child with a beta-haemolytic streptococcus was prescribed intramuscular or
oral penicillin and excluded from school until therapy had started or until culture-negative. This was augmented
by screening of families of children with repeated positive cultures, and some carriage screening in schools.  This
dramatic approach resulted in a steady decline in both the proportion of swabs taken that grew beta-haemolytic
streptococci (from over 9% early in the school year to less than 4% later in the year) and in the proportion of
enrolled children with positive swabs (from 2 to 3% early in the year to approximately 1% later in the year). A
transient increase in cases following the Christmas break suggested that the program itself was having an impact,
rather than other factors such as seasonality. Only 5 cases of ARF were found in these children during the 2 years
(incidence 30 per 100,000 during the second school-year) which was dramatically less than in two comparison
school districts in Wyoming (240 and 410 per 100,000, respectively, during the second school-year).  Although
the lack of true control data makes it difficult to be certain of the impact of this program, the data suggest that may
have been effective.  As a minimum, this program demonstrated the effectiveness of surveillance-based treatment
in reducing streptococcal transmission.  This was subsequently demonstrated in other US streptococcal control
programs, most of which were labour and cost-intensive, and often applied strict legally-enforceable school-
exclusion to children with streptococcal pharyngitis. (46-48)

An alternative approach was tried during the late 1960s and early 1970s in eight counties in Ohio. (49)  This
program aimed to make the process of throat culturing patients with pharyngitis easier, by providing free swabbing
kits and a centralized culturing and reporting service.  Between 1966 and 1970, the number of cultures approximately
doubled, but the proportion of GAS positive swabs remained relatively constant at about 20% (about 10% in
warmer months and 25 to 30% in colder months).  The impact on ARF incidence is not clear.  During 1966-67, the
average annual attack rate of ARF was 17.5 per 100,000 people aged 5-19 years, compared to 30 per 100,000
during 1964-65.  However, the incidence of ARF during ensuing years of the program was not reported.

A larger four-year project involving approximately 17,000 Navajo Indian school students during the 1970s included
cultures of symptomatic children, carriage surveillance every 1 to 2 months, and treatment of those with GAS-
positive cultures. (50)  ARF incidence in the approximately 50% of children who attended schools considered to
be active in the program was compared with that in the other 50% attending “uncovered” schools. Twenty-four
percent (7 of 29) of ARF cases occurred in active schools (p<0.05) and most of these children had missed the
routine cultures prior to their ARF episodes. Based on data prior to the program, the authors concluded that the
overall rate reduction due to the program was 21% (from 12.6 to 10.0 per 100,000 per year), representing 3.1 ARF
cases prevented per year. Although the program appeared to have a significant impact on ARF incidence, it cost
US $200,000 per year to run (almost US $12 per enrolled child per year, in 1970s currency), or almost US $65,000
per ARF case prevented. By comparison, the total cost of an ARF case was estimated to be US $10,560, so 19
cases per year (rather than 3.1) would have had to be prevented for the program to be cost-neutral.
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A similar control program in Alaskan Eskimo children from 1972-76 reached slightly different conclusions. (51)
This program combined swabbing of symptomatic children, regular surveillance swabbing of asymptomatic
children, benzathine penicillin G (BPG) treatment of those with GAS-positive swabs (whether symptomatic or not),
and mass prophylaxis with BPG in villages where GAS epidemics occurred.  During the five years of the program,
the risk of GAS colonization reduced steadily to 55% of the baseline risk, but reducing the frequency of surveillance
swabbing from every 4 weeks to every 8 weeks led to a 37% increased risk of colonization.  There were 11 ARF
cases in the participating villages (total population approx 2500, of whom just over 1,000 were aged 3-18 years)
during the five years prior to the program, compared to 0 during the five years of the program.  In a group of similar
comparison villages (total population 2350) there were 7 and 4 ARF cases during the same respective periods.
Therefore, there may have been a positive impact on ARF incidence, although this is uncertain.  The program cost
approximately US $113,000 over five years in 1971 currency (or US $21.50 per child per year).  The authors
estimated that the average cost of an ARF case in this population was US $35,500, so only approximately 3 cases
would have had to be prevented over five years to make the program cost-neutral.

In Hawaii, where ARF was largely confined to Hawaiian and Samoan children, a similar school based surveillance
program was established during the 1970s.  Children with GAS isolated from throat swabs were excluded from
schools until antibiotic treatment had started. (52)  However, the incidence of ARF in participating schools was no
different to that in non-participating schools, so this program was abandoned.

A community-based ARF control program in an Australian Aboriginal community included widespread community
education, and throat swabbing of 4-16 year olds three times per year for six years (with antibiotic treatment of
GAS carriers). (53)  The ARF incidence in the community was said to be 4 per 1,000 per year prior to the program,
whereas only one case occurred in the 6 years of the program.  While this report raised the possibility that ARF
could be effectively controlled in the Aboriginal population, questions were raised about the completeness of the
data included in the report, and subsequently a number of ARF cases occurred in the community. (54)

A recent randomised controlled trial from south Auckland, New Zealand has provided the best available data on
the effectiveness of primary prevention of ARF based on GAS sore throat detection and treatment. (55)  This
region has a high proportion of Maori and Pacific Island residents, who live in relative poverty and have a high
incidence of ARF.  In this study, schools were randomised either to receiving a sore throat intervention or not.  In
the intervention schools, a full-time nurse was employed.  Each child in these schools was asked every day if they
had a sore throat, in which case a throat swab was taken.  Children with a positive swab for GAS were offered a 10-
day course of oral amoxicillin twice a day.  At the conclusion of the study, 29 cases of ARF had been detected in
control schools compared to 24 in intervention schools.  Overall, the program cost approximately US $50 per
child enrolled per year, and did not lead to a significant reduction of ARF incidence.  A subsequent re-analysis of
the data has led to a re-allocation of some cases, resulting in the program having a significant effect on ARF
incidence, although the re-analysed data have not yet been released (Personal Communication, D Lennon, June
2003).  A further year of data is to be collected, and an economic analysis will be performed.  Therefore, a final
conclusion about this study cannot yet be made.  However, the effect size is likely to be no greater than a one-third
reduction of ARF incidence, and the overall cost of the program will remain expensive.  This study was conducted
under rigorous research conditions, which would be impossible to replicate in most less developed countries.
Even if such a program could be conducted in less developed countries, very few countries could justify such an
expense in order to reduce ARF incidence by one-third.
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In summary, school and community-based studies from the USA suggest that an intensive and expensive
surveillance and treatment strategy is likely to reduce throat colonisation rates with GAS, may reduce the incidence
of GAS pharyngitis, and may also reduce the incidence of ARF.  This latter contention is not supported by controlled
data from those studies.  The US studies also suggested that such programs are expensive to run, and may not be
cost-neutral or cost-saving.  Programs in populations with higher incidences of ARF – particularly in indigenous
populations in North America – demonstrated even less convincing results. The best data come from the New
Zealand randomised trial, the effectiveness of which was limited, and the rigour by which it was conducted unlikely
to be achievable in any less developed country public health program.  The data from Costa Rica are inadequate
to conclusively demonstrate the efficacy of universal sore throat treatment with penicillin.

Therefore, the limited efficacy in ARF prevention, the expense (the cost of these programs exceeds the annual
per-capita health care budget of most less developed countries), and the complexity of these approaches, make
it impossible to recommend them widely to less developed countries as a public health strategy. Some middle-
income countries may choose to make the public health investment in a systematic sore-throat treatment strategy,
in the knowledge that the majority of ARF cases will probably not be prevented. Regardless of the public health
approach taken, primary prophylaxis remains important for individuals who present with GAS pharyngitis, when
the facilities exist to diagnose and/or treat it.  This conclusion has also been reached by WHO. (34)

PRIMARY PREVENTION OF SKIN INFECTIONS
Community control of skin infections by treating and preventing scabies infestation has been remarkably successful.
A program in Panamanian island communities began with mass treatment with 5% permethrin cream, followed by
regular screening and re-treatment of persistently or recurrently infested individuals, with the result that scabies
was virtually eradicated and bacterial skin infections were dramatically reduced. (56)  This approach led to similar
dramatic reductions in an Australian Aboriginal community, and had the further benefit of halving the rate of
impetigo in children, with remaining impetigo lesions being, on the whole, mild. (57)  Scabies control programs
continue successfully in some Aboriginal communities. (58)

More recently, the oral medication ivermectin has been used for scabies control in the Solomon Islands. (59)
Ivermectin is widely used for lymphatic filariasis and is cheaper, much easier to use, and usually less culturally
sensitive than permethrin cream (which requires whole body application). The whole populations of five small
island communities in the Solomon Islands study were treated with oral ivermectin (or topical permethrin cream
for children <15 kg or pregnant women). Two treatments were offered to each resident, two weeks apart, and
visitors to the island were also offered treatment.  Surveillance was maintained for 3 years (with further treatments
offered to occasional children who had persistent or recurrent scabies). Scabies prevalence reduced from 25%
to <5% after 4 months, and steadily declined to <1% over 3 years.  The impetigo prevalence declined from 40%
to 21%, and GAS recovery from the fingertips of children reduced from 61% to 32%.  The prevalence of microscopic
haematuria in children also reduced significantly, suggesting an effect on subclinical post-streptococcal
glomerulonephritis.  Ivermectin treated children had less treatment failure than those treated with permethrin, and
no adverse effects of ivermectin were noted. A control island was observed during the first 6 months of the
program, and no change in scabies prevalence was noted.  These results are similar to those from the Aboriginal
community study, (57) and also demonstrate the efficacy and safety of ivermectin.

An observational study in Papua New Guinea found that mass ivermectin treatment for filariasis appeared to
substantially reduce scabies prevalence. (60)  The impact on scabies, skin infections, and post-streptococcal
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diseases of mass treatment with ivermectin for filariasis and onchocerciasis in Africa has not been evaluated (L
Savioli, personal communication 2002).

The success of community scabies control programs raises the possibility of other community-based measures in
controlling skin infections.  The addition of hygiene measures to scabies control programs has not been evaluated
(such an evaluation is presently planned in Australia), but there is evidence from Burkina Faso that health promotional
activities related to children’s hygiene can change levels of understanding and some simple practices such as
handwashing at the community level. (61)

Personal hygiene is an important pyoderma risk factor.  In a study in Colombia, climate was the most important
determinant of pyoderma prevalence, but within each climatic zone the children with poor hygiene had higher
rates of pyoderma than those with good hygiene. (62)  In a longitudinal study of six native American families,
weekly showering in school may have contributed to declining rates of pyoderma during the month after the start
of the school year. (63)  In a cross-sectional survey of children in Mali, poor individual hygiene (assessed subjectively)
was associated with a significantly increased risk of pyoderma (odds ratio 1.68, 95% CI 1.20-2.35).  Interestingly,
in this arid area the mean number of baths per week per child was 10, and 85% of children used soap.

A Tanzanian study found that rural children had lower cleanliness scores than urban infants attending child health
clinics, who in turn had lower scores than older urban children attending nursery and secondary schools. (64)
Scabies-related pyoderma correlated with personal hygiene (41% in rural children, 16.8% in urban child health
clinic children, and 7.9 to 10% in the older urban children), but non-scabies related pyoderma remained relatively
constant regardless of these variables.  However, a number of methodological problems compromised the findings
of this study.

A placebo-controlled study from Trinidad during the early 1970s looked at the effect of plain soap, antiseptic
soap, and benzathine penicillin G on pyoderma prevalence in children of two villages. (65)  Seventeen families in
each village were assigned alternately to treatment or placebo groups.  Following 12 weeks of observation, the
treatment group were washed twice daily with plain soap for eight weeks and then antiseptic soap for eight weeks
before receiving two doses of benzathine penicillin G over the following eight weeks, after a two week rest period.
The placebo group received only a placebo medication each evening.  The rather surprising findings included
significantly increased rates of pyoderma in the treatment group compared to the control group during the trial
with plain soap and with antiseptic soap, and no decrease in pyoderma rates during the penicillin treatment
period (despite GAS isolation from these lesions decreasing to 0 during this time).  The authors concluded that
hygiene interventions in themselves could not be expected to control GAS skin infections, but should be combined
with measures to prevent minor trauma and biting insects.  However, the rates of pyoderma were already significantly
increased in the treatment group in the pre-treatment period of observation, raising questions about the adequacy
of randomisation, and there were a number of other methodological problems.  Regardless, this study suggests
that the use of soaps alone to control pyoderma may not hold great promise.

Others have found little benefit in using soaps for the treatment of established pyoderma.  One controlled study
found that erythromycin cured most cases of pyoderma whereas compresses and soap offered no benefit over
placebo. (66)   In another study, antiseptic scrubs alone cleared only 9% of pyoderma after two weeks compared
to 39% when combined with local antibiotic ointment, 83% when combined with oral penicillin V and 96% when
combined with intramuscular BPG. (67)
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Although most studies of the impact of water supply on health, particularly on diarrhoeal diseases, have had
methodological problems, (68) the weight of evidence about the role of water use in pyoderma favours the
importance of water quantity rather than quality.  However, improved water availability alone may not substantially
reduce rates of transmissible skin diseases in the absence of education about how best to use the water to
improve personal hygiene. (69)

A case-control study in a Gambian village which was designed to look at water use and trachoma also included
an assessment of pyoderma. (70)  In the five families where at least one child had pyoderma, the mean volume of
water used for washing children was significantly less than in the 29 families without pyoderma (2.68 litres/child/
day compared to 5.71, p=0.015).  A comparison study in Panama evaluated in-house water taps on one island
with a traditional distant stream water source on another island. (71)  Water use in the former island was substantially
greater than in the latter (7.1 litres/person/day compared to 2.3), and the incidence of childhood pyoderma was
significantly greater on the island with poor water availability (0.6 episodes/child-year compared to 0.2, p<0.05),
although it is not clear that this difference could be attributed to water availability.  Another observational study in
two villages in Mozambique found an apparently significantly reduced prevalence of skin infections (11% compared
to 17%) in a village with its own water supply compared to one with a distant supply.  In a Ugandan study, children
in one village with “poor” nutritional status and “poor” water supply had a 75% prevalence of skin disease, compared
to 29.8% among children from a village with “adequate” nutrition and “good” water supply. [Porter, 1977 #1100.
In a 24-week prospective study in the southern USA, there was a trend to reduced prevalence and severity of
pyoderma in children with a piped water supply in their house; 37.9% of those with piped water and 32.1% of
those without piped water had no pyoderma, whereas 44.3% of those with piped water and 48.8% of those without
piped water had “high prevalence” of pyoderma. (72)  A study in two Tanzanian villages found no association
between the distance from household to water source and the prevalence of transmissible skin disease, using 20
minutes distance as the cut-off point, although pyoderma made up less than 10% of all transmissible skin disease
in this study. (73)

On the same theme of water supply and hygiene, there is some evidence that regular use of swimming pools may
be effective in controlling skin infections.  An early report suggested that the opening of a swimming pool in an
Australian Aboriginal community was associated with reduced prevalence of skin infections in children who swam
several times each week. (74)  A further evaluation of the introduction of swimming pools in two remote Aboriginal
communities in Western Australia is ongoing. (75)  In the first 12 months after the introduction of the pool in one
community, the prevalence of impetigo has decreased from 64% to 21%, and the prevalence of “severe sores”
has reduced from 28% to 3%.  The pools have also been associated with improvements in chronic ear infections
and perforations (47% of children had improved ears), nasal discharge (which resolved in 26% of children),
school attendance, and juvenile crime rates (the latter presumably being attributed to the effects of the pools in
improving community morale and cohesion).  In the other community, the prevalence of mild impetigo lesions has
not changed, but the prevalence of “severe sores” reduced from 28% to 5% after one year.  Overall, the skin
condition improved for 42% of children at this community, the ear condition improved for 33%, and running nose
disappeared in 23%.  These results show a clear short term benefit for child health and also suggest more
widespread social benefits of community swimming pools in remote Aboriginal communities.  The ongoing study
will confirm if these benefits are sustained in the long term, and will document any microbiological changes that
have accompanied the changes in impetigo prevalence.

Household crowding is associated with pyoderma.  In the same Tanzanian study, people who lived in houses with
more than 10m2 per person had significantly less transmissible skin disease than those with less than 10m2 per
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person (10.5% compared to 21.4%, p<0.01). (73)  A survey of 17,687 people in Vanuatu found that the prevalence
of skin infections increased from 10% in people living with 1 to 2 people per household up to 17% in those with 11
or more people per household. (76)  The southern USA study already cited found no association between household
crowding and pyoderma prevalence, although the study population may have been too homogenous to detect
differences in environmental influences. (72)  In New Zealand high school students, the highest rates of pyoderma
were found in Pacific Island Polynesian (PIP) (3.2%) and Maori (2.3%) students, who also showed high rates of
overcrowding (29% of PIP and 21% of Maori students lived in houses with ³5 children compared to 3% of European
students. (77)  No specific analyses were performed on these data to directly associate overcrowding with
pyoderma.  In a regional survey in Mali, no association with overcrowding was found, but most of the people in the
region lived in overcrowded houses (an average of 20 people per house). (78)

Malnutrition has not been extensively studied as an independent risk factor for pyoderma.  Taplin and Allen (1975)
commented about their Colombian studies that they found no such association because all of the children they
saw “showed every evidence of adequate diet,” although no evidence in support of this statement was provided.
Porter (1977) referred to an individual’s susceptibility to infectious skin diseases being influenced by nutrition,
among other factors.  There is little evidence to support this claim.

A frequent theme in studies of pyoderma is the contribution made by biting insects.  Many of the studies already
cited as well as others refer to secondary infection of bites from insects like mosquitoes and sandflies. (69, 79, 80)
In Tanzania the insect populations in the home and school environments were assessed, with the claim that
children aged less than 2 years most frequently had insect bites underlying their pyoderma lesions, whereas
those over 2 years more commonly had underlying trauma. (64)  There were no studies available on the impact of
insect control measures on pyoderma prevalence.

Hot, humid weather is the most consistently found contributor to pyoderma prevalence. (62, 69, 72, 79, 81-84)
There is evidence that pyoderma is also more common in warmer months in temperate climates, including in the
USA and Australia. (85, 86) However, exceptions to this seasonality have been documented from Trinidad, where
pyoderma occurred at similar rates throughout the year, and outbreaks of pyoderma-related acute post-
streptococcal glomerulonephritis did not follow a seasonal pattern. (87)  This was attributed to the relatively
constant year-round climate of this tropical island. (83) (Dillon, 1970).

The contribution of warm climates to high pyoderma rates may be multifactorial; relating to skin trauma and
transmission of pathogens by insects and scabies mites, possibly to higher loads of pathogens present on skin,
insects and fomites, and possibly to other undefined factors. But the fact that endemic pyoderma also occurs in
non-tropical areas (e.g. Red Lake studies from the USA), presumably if other factors are present.  The influence of
personal hygiene and volume of water may be critical.

In conclusion, of the many risk factors for pyoderma, those most amenable to intervention are scabies, hygiene,
and household crowding.  Community based scabies control programs have had documented success in reducing
pyoderma prevalence and severity.  The impact of mass ivermectin treatment may be substantial and should be
further evaluated. The added impact of hygiene measures (including swimming pools) is less clear but preliminary
data are encouraging.  There are good reasons to expand skin disease control programmes in economically
disadvantaged regions, but more evidence is needed relating the components of ideal programs, particularly as
some recommendations may involve changes to personal and cultural practices, housing policies, and water and
sanitation infrastructure programs.
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The potential benefits of controlling skin infections
Streptococcal skin infections have numerous sequelae. The best described is acute post streptococcal
glomerulonephritis (APSGN). Outbreaks of APSGN occur periodically in many less developed countries, and can
involve hundreds of children. (88-97)  The risk of developing APSGN during an epidemic is increased by five for
children with skin sores and doubled for children with scabies. (96) APSGN in childhood has been shown to
increase the risk of adult renal disease amongst Australian Aboriginal people by six times. (12) Thus there is a link
between scabies and skin infections in childhood, and high rates of end-stage renal failure in some populations.

It has also been hypothesised that streptococcal skin infection may be linked with acute rheumatic fever and
rheumatic heart disease, although this has not been proven. The details surrounding this issue are outlined in
Appendix 1.  The recent randomised controlled trial of sore throat-based primary prevention of ARF in New
Zealand that failed to demonstrate a major effect on ARF incidence supports the hypothesis that not all ARF is
directly due to throat infection with GAS. (55)  A number of ARF-related GAS throat isolates from that study came
from typical “skin”-associated emm types. (D Lennon, personal communication 2002)

Skin infections are the major underlying cause of serious bacterial infections with both GAS and Staphylococcus
aureus in many communities.  These infections are common in tropical less developed countries and have high
mortality. (98-102)  Moreover, children in tropical communities commonly have many skin sores (rather than the
one or two sores that would raise alarm in other settings). (57)  Skin infections are among the most common
reasons for childhood presentations to clinics in tropical less developed countries, and consequently for the
prescription of antibiotics. (103)  For example, scabies and skin infections were the two most common reasons for
presentation to an Australian Aboriginal primary care clinic, accounting for over 15% of all presentations. (104) In
addition to the financial cost of these treatments, they undoubtedly contribute to the spreading epidemic of antibiotic
resistance.

It is not difficult to envisage that the bacteria from these skin sores may cause a proportion of the cases of
pneumonia and febrile illness that are common reasons for attending clinics or being admitted to hospital.
Furthermore, chronic, persistent and severe skin infection may have effects on children’s immune systems and
general state of well-being, which lead to the inability to fight other infections (e.g. leading to increased frequency
and severity of some of the more common childhood infections such as pneumonia or gastroenteritis) and also
impairs children’s appetites, exacerbating malnutrition.  Although plausible, the data to support these assertions
are only anecdotal.  During a 2 year scabies control program in one Aboriginal community, (57) an apparent
dramatic reduction in the proportion of children with malnutrition and the number with serious medical complaints
was noticed.

ANTIBIOTIC TREATMENT TO INTERRUPT TRANSMISSION OF GAS
The early school-based studies of streptococcal control using surveillance and treatment of those infected with or
carrying GAS demonstrated that these strategies could reduce overall colonisation rates.  The subsequent finding
that regular administration of antibiotics to patients with a history of ARF or RHD could prevent subsequent
streptococcal infections and recurrent episodes of ARF (see below, under Secondary Prophylaxis), raised the
possibility of mass administration of antibiotics to healthy people in high-risk situations, in order to avoid the
possibility of streptococcal infections.  This strategy has been used for many years in the United States military to
reduce the incidence of pharyngitis and ARF outbreaks. (105-108)
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This approach has also been used for the control of skin infections.  Benzathine penicillin G protects against GAS
skin infection for approximately 4 weeks (similar to the duration of protection against GAS pharyngitis). (109)
Subsequently, mass administration of BPG has been used in populations with high rates of skin infections and
APSGN, with the intention of halting transmission of the virulent strain of GAS (as there is no evidence that treatment
of an individual already infected with a nephritogenic strain will prevent the development of APSGN). (88, 94, 110,
111)  The reports are anecdotal, but when considered together they provide compelling evidence of the
effectiveness of this strategy.  This approach has been refined in the Northern Territory of Australia, such that
recent outbreaks of APSGN have been contained by administration of BPG only to children with impetigo. (96)

There is not complete agreement on the use of antibiotics in close contacts of people with invasive GAS infections.
Surveillance of over 10 million people over 2.5 years in Ontario detected four cases of invasive GAS infection in
1360 household contacts of other cases (attack rate 294 per 100,000 compared to the incidence of sporadic
disease in the wider population of 2.4 per 100,000; an increased risk of over 120-fold). (112)  This study also found
that all GAS isolates in the throats of close contacts were identical to those in the index cases.  As a result, the
Ontario GAS Study Group recommended antibiotic prophylaxis for close contacts, and the Ontario Ministry of
Health stated that chemoprophylaxis “may be considered” for contacts. (113, 114)  By contrast, surveillance of
over 12 million people over 2.5 years in several US states detected only one case in 1514 household contacts
(attack rate 66 per 100,000 compared to the incidence of sporadic disease of 3.5 per 100,000; an increased risk
of approximately 19-fold).(115, 116)   As a result, the CDC recommends against routine screening or antibiotic
prophylaxis for contacts of invasive disease cases.

It is clear from the above studies that, although close contacts of cases of invasive GAS disease may be at
increased risk of the same disease, these secondary cases represent a very small proportion of all cases in the
community (<0.6% of all cases in the two studies mentioned above).  Therefore, antibiotic prophylaxis to contacts
is likely to prevent very few cases, although the potential effect may be somewhat increased if the intervention
reduces circulation of virulent GAS in the community in addition to preventing direct cases in close contacts.
Moreover, it is not proven that antibiotic prophylaxis to contacts will prevent disease.  The CDC conclusions have
been questioned in the light of a number of descriptions of household clusters and other outbreaks of invasive
GAS disease.(117-121)  Although the use of antibiotic prophylaxis to contacts of individual cases of invasive GAS
disease may have a role, as a public health measure (including the establishment of active surveillance) it is
unlikely to be cost-effective and could only prevent a very small minority of invasive GAS cases.

IMMUNISATION
A summary of the status of GAS vaccines currently in development and of the critical issues in preparing to have
a GAS vaccine for less developed countries has been prepared as a separate part in this series of documents.  In
light of the current lack of a clear strategy for primary prevention of GAS infections, there is definitely a place for a
safe, effective, affordable and practical GAS vaccine.  For reasons outlined in the GAS vaccine summary document,
it appears likely that the vaccine most advanced in development – a multivalent, type-specific vaccine – will not
provide sufficient and long-lasting protection in less developed countries, although this should be assessed.
There is an urgent need for an organization such as WHO to undertake oversight and coordination of GAS vaccine
development on a global scale.  The priorities must be to ensure that a vaccine becomes available specifically for
the prevention of GAS diseases in less developed countries, that any vaccines are therefore tested for safety and
efficacy in less developed countries (or similar settings) using ARF, APSGN and skin infections as primary endpoints,
and that preparations begin now for compiling important regional disease burden data that will be used in making
decisions about introducing a GAS vaccine.



16

GROUP A STREPTOCOCCUS

COMPREHENSIVE STREPTOCOCCAL CONTROL PROGRAMS
A comparative observational study in Baltimore during the 1960s demonstrated a dramatic reduction in ARF
incidence in poor, predominantly black, inner-city regions where comprehensive medical care programs had
been established, whereas areas of similar demographic and socio-economic make-up experienced increased
rates. (122)  Although it was thought most likely that the effect could be attributed to improved treatment of GAS
pharyngitis, the effect of other less-defined influences that may have accompanied the introduction of
comprehensive care programs could not be excluded.  The decline in ARF incidence in inner-city Baltimore
continued, reducing from 14.0 to 1.0 per 100,000 between 1965 and 1981-83, which may partly be due to expansion
of comprehensive care programs. (123)   This study suggested that primary prevention of ARF was likely to be
complex, and to require a wider approach than simply focusing on sore throat management.

This was subsequently highlighted by a more comprehensive ARF control program in the French Caribbean.
(124)  This program involved the establishment of an ARF/RHD register and an extensive education campaign
about the nature and treatment of primary GAS infections, including pyoderma. The consequent reduction in
incidence of ARF was impressive.  However, the specific impact of individual factors of the program (e.g. sore
throat treatment) and of the economic development that took place in these countries over the same period
cannot be deciphered.  For example, during the second half of the twentieth century many Caribbean countries
underwent an “epidemiological transition”, in which infant and child mortality and communicable disease mortality
rates steadily reduced, at the expense of increasing adult mortality due to “Western diseases” (e.g. diabetes
mellitus, ischaemic heart disease). (125, 126)  This transition was attributed to improved socio-economic status as
countries moved from low-income to middle income levels, and is likely also to have affected other risk factors for
rheumatic fever such as housing standards and access to medical care.  Nonetheless, the French Caribbean
study offers hope that comprehensive GAS control programs can be effective.

The Cuban situation is also instructive.  A formal RHD control program was instituted in 1972.  Between the early
1970s and the mid 1980s, the incidence of ARF and prevalence of RHD in Cuba decreased dramatically.  This
was attributed to the combined effects of specific interventions including health education relating to ARF/RHD
and secondary prophylaxis programs, together with improved economic and living standards and a universal
health care system. (127, 128)  In the Philippines the concept of using school curricula to introduce important
health promotion topics relating to cardiovascular diseases has been demonstrated. (129)

SECONDARY PROPHYLAXIS AND RHD CONTROL PROGRAMS
Studies in the USA between 1939 and the 1960s clearly demonstrated that regular doses of antibiotics administered
to people with a history of ARF or RHD could prevent further recurrences of ARF. (9, 130-136)  It has been clearly
demonstrated that monthly injection of intramuscular BPG is more effective than oral penicillin or sulfadiazine for
both the prevention of streptococcal pharyngitis and recurrent ARF. (137)  A number of studies have documented
ARF recurrence rates less than 0.6 per 100 patient-years on BPG prophylaxis. (summarised in (138))  In Gisborne,
New Zealand, oral penicillin secondary prophylaxis was used between 1958 and 1973 and parenteral BPG was
used after 1974.  In the oral prophylaxis period there was an average of 14 ARF admissions per year of which 35%
were recurrences, but during the parenteral prophylaxis period this reduced to 7.7 admissions per year of which
only 18% were recurrences. (139)  The administration of regular antibiotics – usually BPG every 3 or 4 weeks, or
every month – for many years is now recommended for all people with a history of ARF or RHD. (140, 141)
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The efficacy of secondary prophylaxis in not only preventing recurrent ARF, but also in reducing the severity of
RHD has been well documented.   In the era before secondary prophylaxis, only 11% of 1,000 RHD patients were
free of heart murmurs after 10 years of follow-up. (142)  By comparison, the MR murmur resolved in 70% of 79
RHD patients on secondary prophylaxis after up to 8.5 years of follow-up. (143) A follow-up study of 497 children
with ARF found that 60% of patients with ARF recurrences had RHD after 10 years, compared to 34% of those
without recurrences, and the greatest effect was in those with mild MR at initial admission (89% with recurrences
had persistent RHD compared to 18% of those without recurrences). (144)  A 12-year comparative study of 249
patients from Taiwan found that 3-weekly BPG led to reduced incidence of breakthrough streptococcal infections
than 4-weekly (7.5 compared to 12.6 per 100 patient-years, p<0.01), less recurrences of ARF (0.25 compared to
1.29 per 100 patient-years, p=0.015), and resolution of MR murmurs in 66% of patients compared to 46% in the 4-
weekly group (p<0.05). A number of other studies have documented that heart disease regresses in approximately
50% to 70% of patients with RHD who comply with secondary prophylaxis over a decade. (145-147)  The best
data of the effect on mortality come from Taiwan, where after 8 years of follow-up, 3.4% of patients not on prophylaxis
had died, compared to 0.6% of those on prophylaxis. (148)

Secondary prophylaxis is effective if delivered regularly.  However, poor adherence to prophylaxis regimens has
been a major problem in many parts of the world.   In Aboriginal Australians, only two-thirds of scheduled BPG
injections were delivered over a 12-month period, and 28% of recipients received d— 50% of scheduled injections.
(149, 150)  Others have found high rates of loss to follow-up and poor adherence to secondary prophylaxis to be
associated with worse outcome. (151-153)

To ensure that secondary prophylaxis is effectively delivered, it is also important to identify and follow-up potential
recipients; i.e. people who have RHD or a history of ARF.  Most people with RHD are asymptomatic, and therefore
will only be detected serendipitously when being examined, if they recall a previous episode of ARF and understand
its implications, or as a result of screening.  People who present with a new diagnosis of ARF or RHD will receive
long-term prophylaxis only if there is a mechanism in place to ensure the delivery of prophylaxis and long-term
follow-up.  The World Health Organization recommends that secondary prophylaxis should be the cornerstone of
an RHD control program, which includes monitoring of ARF and RHD patients via a register, regular communication
between those who maintain the register and those who deliver secondary prophylaxis or clinical services in the
community, surveillance to detect new cases, clinical review of RHD patients, and some streptococcal surveillance.
(140, 141)  WHO and associated organisations have produced numerous guideline documents detailing the key
aspects of these control programs, often with an emphasis on education and training, integration with primary
health care, and the essential role of laboratory support. (20, 34, 140, 154-156)

The WHO Global Programme for the Prevention of Rheumatic Fever and Rheumatic Heart Disease aimed to
establish RHD control programs in 23 countries (16 in the initial phase of the program, with an additional 7
countries added after 1991). (157, 158)  The Programme prescribed a three-phase introduction of a control
program in each country: a pilot in a small region (Phase 1), expansion to a whole region or district (Phase 2), and
then national coverage with the addition of primary prevention measures where feasible (Phase 3).  By 1990,
almost 1.5 million school-age children had been screened, and over 3,000 cases of RHD or prior ARF had been
detected. (159)  Many personnel had been trained, and health promotional activities undertaken.  However, a
number of impediments to progress were also identified, relating in particular to shortage of resources, loss to
follow-up of participants, and problems in regularity and quality of reporting.  A 1999 review of the progress of the
Programme (which has since been abandoned due to lack of funding) found excellent success in case finding
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(with >15 million school children screened) and in using the program to improve compliance with secondary
prophylaxis (overall compliance rates were 63%, ranging from 48% to 95%). (20)  A review of a prior iteration of
the Global Programme reported decreases in recurrence rate of ARF by 89.3% and in the number of streptococcal
infections by 66.2% in the 3382 patient-years of regular BPG secondary prophylaxis, and that a total of 9,500
hospital days were averted by regular prophylaxis. (160, 161)  Patients with poor adherence to prophylaxis regimens
spent six times as much time in hospital as those who were fully adherent, and improving adherence had the
potential to avoid a further 6,500 hospital days.  The major problem identified was the inability of most countries to
move beyond Phase 1, mainly due to lack of resources.

The major difficulty in assessing the Global Programme is the inability to evaluate the data quality, and the lack of
standardisation of evaluation data, in all countries.  For example, four of five countries reported reductions in RHD
prevalence, attributed to the control programme, but in no case was it clear that the methods and population used
for data collection were the same for the before and after surveys, or between countries (e.g. in most of these
surveys, there was no attempt to validate the screening tools using echocardiography).  The 1999 consultation
recognised this, and developed a set of standardised definitions to be used in future evaluations. (20)  In fact,
control programs can be expected to lead to an apparent initial increase in RHD prevalence. For example, systematic
case detection has been in place in the Aboriginal population of the Australia’s Top End since 1994, and since
1997 this has taken the form of a register-based control program.  The number of cases of RHD in this population
continues to rise as more cases are detected; from approximately 450 in 1998 to over 700 in 2002. (162)

A more recent evaluation of the effectiveness of control programs has been conducted in three countries with
more extensive reporting; Cuba, Egypt and Sudan.(P Nordet, unpublished data)  Between 1986 and 1996, there
was clear improvement in Cuba and Egypt in compliance with follow-up and secondary prophylaxis, ARF incidence
rates, and RHD prevalence (down from 1.9 to 0.2 per 1,000 in Cuba, and from 5.3 to 2.3 per 1,000 in Egypt).  The
programs were being extended to other areas of these two countries.  In Sudan, compliance with follow-up and
secondary prophylaxis remained a problem, although showed some improvement, but there were insufficient
data to evaluate the effectiveness of the program on ARF incidence or RHD prevalence.

The New Zealand experience is perhaps the most compelling in favour of formal register-based control programs.
During the early 1980s, many NZ health districts introduced these programs with documented success. (163,
164)  For example, in Auckland between 1972 and 1981, prior to the introduction of a control program, 22% of all
ARF episodes in children <15 years were recurrences, but between 1982 and 1992 this reduced to 6%, with a
recurrence rate of 0.6 per 100 patient-years. (138)  By 1998, half of New Zealand’s 24 health districts had RF/RHD
registers, covering over 94% of notified ARF cases. (165)  These registers were categorised as either “Surveillance
registers” whose main function is maintaining client lists and promoting notifications, or “Management registers”
that perform the same functions as surveillance registers but in addition coordinate the management of secondary
prophylaxis provision

However, in countries with less resources, where health services are poorly coordinated, or where access of
health services to substantial proportions of the population is limited by geography or other factors, implementing,
maintaining and evaluating RHD control programs is more difficult.  For example, the Top End Australian Control
Program has led to improved case detection of RHD (outlined above), and initially saw reductions in ARF incidence
and the proportion of cases that were recurrences (from over 40% at the start of the program to less than 30%
during 2000 and 2001). (162)  But  2002 saw a resurgence in ARF incidence and the proportion of recurrent cases
(to 48%), highlighting the difficulties in maintaining adherence with secondary prophylaxis even with formal control
programs.
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There are a number of examples of successful register-based secondary prophylaxis programs in India.  In the
Ambala District of northern India, an RHD control program was established in 1987.  An evaluation during 1995
found very high levels of awareness of the importance of secondary prophylaxis, high levels of satisfaction with
the program, and that >90% of patients missed no more than one monthly injection per year during the first 7
years of the program. (166)  Only one patient reported a recurrence of ARF.  A further follow-up in 1999 confirmed
that compliance rates were maintained >90% for the 12 years of the program. (167)  In the Shimla Hills of northern
India a strategy was devised to integrate RHD screening in children with more comprehensive cardiological
surveillance, with the result that other cardiac conditions including congenital heart disease were also detected
and referred for management. (168)  A comparative study in the Haryana state of northern India contrasted RHD
case detection and management in a rural region that introduced an RHD control program with that in an adjacent
area without a control program. (169)  They found that case detection in the region with the control program
increased approximately 8-fold, while remaining relatively unchanged in the comparator region.  Compliance with
secondary prophylaxis in the RHD control program region was maintained at 85% to 95%.  The authors concluded
that their experience documented how a management-based control program could be successfully implemented
in a less developed country, using existing infrastructure and at low cost.

Secondary prophylaxis programs require the availability of high-quality BPG.  In recent times, there have been
problems with both the availability and quality of BPG around the world.  In many countries, this medication is in
short supply, and often has been unavailable for prolonged periods (Personal communication, E. Kaplan).  Even
more concerningly, the quality of the medication is highly variable – there are a number of studies documenting
that different batches may have variable pharmacokinetic properties, and the batches may vary physically (e.g.
some are very difficult to draw up into a syringe and administer). (170-173)  It is clear that many forms of benzathine
penicillin G presently used around the world do not reliably lead to adequate serum penicillin levels after 28 days,
as was found in the original studies of this regimen. (133 )

In summary, the overall messages of the Global Programme review – that coordinated RHD control programs can
be successfully implemented, and can improve adherence to secondary prophylaxis, reduce ARF recurrence
rates, improve clinical care of RHD patients, and be acceptable to the population - are supported in part by more
detailed evaluations of individual programs.  A major problem has been the inability in many countries to scale up
from pilot programs to regional or national programs.  The countries where this has occurred – particularly New
Zealand and India – have relied on adequate funding and the enthusiasm of core local staff.  The critical questions
of the impact of these programs on RHD prevalence and mortality are less clearly defined and will require longer
term, targeted evaluations.

Diagnosis of ARF
Effective secondary prophylaxis programs rely on accurate identification of people with a history of ARF or RHD.
The diagnosis of ARF can be difficult, especially in tropical developing countries where many patients have
atypical presentations and there is a long list of differential diagnoses (e.g. arboviral infections may present with
fever and arthritis or arthralgia, which is the most common presenting syndrome of ARF).  The Jones Criteria have
been repeatedly revised and updated, each time increasing the specificity at the expense of sensitivity.(174-176)
This was largely in response to the rapidly declining incidence of ARF in the United States,(177, 178)  and was
appropriate for settings where ARF has become increasingly uncommon.  However, in populations where the
incidence of ARF is high, the importance of missed diagnoses of ARF (i.e. missed opportunities for secondary
prevention, with consequent ARF recurrences and worsening of RHD) may outweigh that of over-diagnosis (i.e.
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subjecting some individuals to secondary prophylaxis when it is not needed).  Therefore, it has been argued that
some of the current minor manifestations in the Jones criteria – particularly arthralgia and mono-arthritis – should
be treated as major manifestations in populations with high ARF incidence.(43, 179-181)  The use of
echocardiography in the diagnosis of rheumatic carditis has also been the subject of extensive discussion.   The
arguments and relevant references are summarised in the proceedings of the most recent meeting of the American
Heart Association’s Jones Criteria Working Group.(182)  Similary, the use of streptococcal serology in the diagnosis
of a recent GAS infection is notoriously unreliable in populations with highly endemic streptococcal infections,
particularly pyoderma.  This issue has been discussed several times at WHO meetings,(31, 32, 183) but as yet a
better test has not emerged.  The Jones Criteria Working Group decided not to change the 1992 updated Jones
criteria, arguing that there were insufficient data to justify either a relaxing of the major manifestations or the
addition of echocardiographic diagnosis of carditis.  The Group also recommended that clinical research in these
areas was needed, and it is clear that this research should particularly come from regions of high ARF incidence,
where research findings will have the greatest implications on clinical and public health practice.

MEDICAL AND SURGICAL MANAGEMENT OF RHD PATIENTS
Treatment of patients with moderate or severe cardiac valve lesions due to RHD may prolong and/or save lives.  In
recent times, valvotomy and valve repair, rather than valve replacement, have emerged as the standard of care
for RHD valve lesions that require surgery.  These approaches avoid the complications associated with long-term
anticoagulation in populations where adherence to treatment and monitoring regimens may be difficult.  Their
major disadvantage is that valve lesions may recur with time, and further surgery may be needed. (184-190)

Although there has been great progress in medical and surgical treatment of RHD, these approaches remain very
expensive and, in the case of surgery, require the availability of sophisticated facilities and highly trained personnel.
Therefore, these treatments are beyond the reach of most RHD patients, who are usually among the poorest
people living in less developed countries.  Some examples of the expense of providing treatment for RHD are
outlined below in the discussion of cost-effectiveness of different control strategies.  To further illustrate the dramatic
costs involved, each year Samoa sends 25 to 40 RHD patients to New Zealand for valve surgery at a cost of over
US $680,000 (which equates to $4 per capita for the entire Samoan population of approximately 170,000) (Personal
Communication, S Viali June 2003).  The per-capita Gross National Product of Samoa is approximately US $1,500
per year, and the per-capita expenditure on health is approximately US $34 per year. (191)  Therefore, RHD valve
surgery consumes approximately 12% of the Samoan health budget, yet Samoa does not have an effectively
functioning secondary prophylaxis program.  Similar situations are reported from other Pacific island nations.
Over the past 10 years, 81 cardiac surgical procedures have been performed for RHD in Vanuatu, at a cost of
many hundreds of thousands of dollars, and many more patients have died without surgery.(Personal
communication, Dr R Wells and Dr M McDonald). In Tonga, 50% of all patients seen during cardiology consultations
have RHD, of whom 44% are aged <20yrs, and 40% need surgery at an average cost of US $30,000 (Personal
communication, Dr T Fakakovi). Neither of these countries have effective secondary prophylaxis programs in
place.

There is little sense in advocating a public health strategy that concentrates on providing expensive palliative
care for a condition that is preventable using relatively cheap interventions (e.g. secondary prophylaxis).  Therefore,
although it is clearly important to provide good clinical care to RHD patients, it would be a mistake to direct
substantial resources to this strategy at the expense of a well-resourced secondary prophylaxis program.
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COST-EFFECTIVENESS OF DIFFERENT PREVENTION STRATEGIES

Many authors have argued the cost-effectiveness of different prevention strategies. All models used relating to
primary prophylaxis are sensitive to the underlying assumptions about the proportion of sore throats that are due
to GAS, the proportion of GAS episodes that lead to ARF, and the outcome of individual cases of ARF.  Regardless
of which model is used, the assumptions are heavily weighted towards simple, low-cost methods of preventing
the development of RHD, in order to prevent the less common, but very expensive, medical and surgical interventions
necessary to treat RHD.  For example, a follow-up study from Brazil found that 17% of over 1,000 RHD patients
aged <16 years required cardiac surgery over an 8-year period, at a cost per patient of US $8,000 to $10,000.
(192)  In New Zealand, RHD cost the Auckland Area Health Board $3.6 million in 1987, of which approximately
$2.7 million was for treatment of RHD. (193)  Aside from the direct costs of medical and surgical management of
patients, the socio-economic costs can be dramatic. In Brazil, 100 consecutive RHD patients who had at least one
year of follow-up were studied. (194)  The mean duration of disease in the study was 3.9 years. During this period,
the 100 patients had a total of 1657 medical consultations and 22 hospital admissions (including four to the
intensive care unit). Parents missed 901 days of work and 5% of parents lost their jobs. Twenty-two percent of
patients failed school. The authors calculated that RHD costs Brazil over US $51 million each year, which represents
approximately 1.3% of annual family income.

The costs of primary prevention programs based around coordinated surveillance, case detection and treatment
of sore-throats have already been discussed in this report.  It has been estimated that 2,000 cases of pharyngitis
would have to be treated to avert one case of RHD. (161)  A series of analyses in the USA during the 1970s came
to varying conclusions, although all agreed that all people with sore throat should be treated during epidemics.
(195-197)  A consensus view from the USA was that endemic pharyngitis should be treated only after a
microbiological diagnosis has been made, with the exception of patients at high risk of rheumatic fever or following
scarlet fever. (161)  A Nigerian study estimated that 2.25% of all untreated GAS pharyngitis patients would develop
RHD, based on the assumptions that 3% of GAS pharyngitis episodes lead to ARF and 75% of ARF episodes in
tropical less developed countries lead to RHD.  Both of these assumptions are likely to be overestimates.  The
same study concluded that providing antibiotic treatment to 10,000 children with GAS pharyngitis would prevent
225 cases of RHD, and that the cost of this (based on penicillin alone) was 5.4 times less than the cost of caring
for 225 RHD patients for one year. (198)  Regardless of the assumptions, it is clear that any primary prophylaxis
strategy either must include microbiological diagnosis of GAS pharyngitis (which is impractical in most less
developed countries), or be willing to accept that most courses of antibiotics to treat sore throat will not prevent
ARF.

By contrast, secondary prophylaxis has almost universally been found to be very cost effective.  This is not
surprising, given that the intervention (monthly BPG injections) is cheap, that a high-risk group is targeted, and
that prevention of recurrent ARF is known to prevent worsening of RHD and associated mortality.  In 1970, an
earlier version of the WHO Global Programme in 7 countries was evaluated, with the conclusion that the cost of the
program was US $325 per month (including associated register costs, etc) whereas the cost of maintaining
paediatric beds for RHD patients was $1,260 per month. (199)  A WHO pilot study concluded that only 3.14
injections of BPG were needed to prevent one day of admission to hospital, that there were many other incidental
benefits to secondary prophylaxis-based control programs, and that secondary prophylaxis is very cost effective.
(161)  In New Zealand, the average cost per patient treated (in USD) was $10,749 for valve replacement or repair,
$2,230 for an ARF admission, $2,757 for a non-surgical RHD admission, and $439 for a year of secondary
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prophylaxis. (193)  The authors also noted that 71% of all ARF/RHD costs were for treatment of RHD, while only
13% was spent on the coordinated secondary prophylaxis program.  On the surface, this argues in favour of the
cost-effectiveness of secondary prophylaxis.  However, the authors also noted that over 10 years the overall
prevalence of RHD remained high, and suggested that an additional strategy for primary prevention was needed.

A cost-effectiveness study from Ghana concluded that RHD was ranked number 32 on a list of healthy days of life
lost to 48 different diseases, causing 3,211 days lost per 1,000 people per year, or 1% of the total (compared to
top-ranked malaria, with 32,600 days lost per 1,000 per year, or 10.2% of the total). (200)  Therefore, RHD did not
cause a very large disease burden in Ghana (although these baseline data were not based on population screening,
so are likely to be unreliable).  However, this study pointed out that the low cost and high effectiveness of RHD
secondary prophylaxis suggest that it could prevent 2,866 healthy days of life per 1,000 people per year at a cost
of $52 per 1,000 people.  This was less cost effective than measles immunisation, but more cost-effective than the
provision of more water.

In perhaps the most comprehensive modeling exercise to date, Michaud and colleagues assumed that 3% of all
GAS pharyngitis would proceed to ARF, that 70% of ARF cases would proceed to RHD, and that 35% of RHD
patients would develop cardiac failure. (201, 202)  They also assumed that all sore throats would be treated but
that only 20% of these would be due to GAS, and that the efficacy of primary prophylaxis (BPG for sore throat),
secondary prophylaxis using BPG, and tertiary prophylaxis (valvuloplasty or valve replacement) was 70%, 80%
and 70% respectively.  They concluded that secondary prophylaxis was clearly the most cost-effective approach,
and that primary prophylaxis was the least cost-effective. (Table 2)

Some of the same authors updated and expanded their model in 1999. (203)  They compared two hypothetical
regions: one with low streptococcal endemicity, and one with high endemicity. They also concluded that secondary
prophylaxis is the most cost-effective strategy currently available in either setting, but that a vaccine would be
even more cost-effective in high-endemicity regions assuming that it cost only US $3 to $10 per child (Table 3)
However, it should be noted that these authors assumed that only 1.6% of sore throat episodes would be due to
GAS in low endemicity regions, and 10% in high endemicity regions.  These are clearly underestimates; in the
former case, the reference cited for the 1.6% rate actually found that 24% of all pharyngitis episodes were caused

Treatment

Treatment of sore throat
with BPG (for 10 yrs)

Secondary prophylaxis
using BPG (for 5 yrs)

Tertiary prophylaxis (valve
surgery)

Unit Cost
(USD)

60

1,380

8,500

Cost per death
averted (USD)

40,920

5,520

12,750

Table 2.  Cost-effectiveness of different prophylactic strategies for rheumatic heart
disease *

DALYs
gained

39

39

30

Cases treated
to prevent one

death

682

4

1.5

* Adapted from (201).  See text for details of model.

Cost per
DALY (USD)

1049

142

425
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by GAS. (204)  As a result this model is flawed.  However, the correction figure is equally applicable to all parts of
the model, so the relative cost-effectiveness of different strategies may not be dramatically affected.

Intervention

Vaccine (@$3-10)

Primary prophylaxis of pharyngitis

Secondary prophylaxis

Surgery

High endemicity region

137 – 458

22,075 – 33,113

999 – 1,123

1,861

Table 3.  Cost per RHD DALY averted in high and low endemicity regions *

Low endemicity region

5,3330 – 17,765

68,346 – 102,520

982 – 1,103

1,861

* Adapted from (203)

Cost per DALY averted (USD)
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Conclusions

Secondary prophylaxis delivered to ARF/RHD patients is the only control strategy for GAS diseases that has been
shown to be both effective and cost-effective at the community / population level.  In populations with high prevalence
of RHD, delivery of secondary prophylaxis should be the major priority for control of GAS diseases.  Coordinated
register-based RHD control programs appear to be the most effective method for delivering secondary prophylaxis
and have the added benefit of improving clinical follow-up of patients and providing a mechanism for delivery of
targeted health promotional messages.  Past efforts to expand RHD control programs have had mixed success.
Future strategies should concentrate on ensuring that programs are properly resourced, not overly ambitious in
their early stages, and are systematically evaluated.  Further, the issue of the availability and quality of BPG
supplies requires urgent attention.  The diagnosis of ARF remains difficult in many countries, and the American
Heart Association’s Jones Criteria Working Group has called for more clinical research in this area.  It is clear that
this research should particularly be focused in developing countries and other populations with high ARF incidence.

Because it deals with the provision of expensive palliative care to patients with preventable disease, tertiary
prevention of RHD should theoretically be the least important and therefore least resourced aspect of GAS control.
Unfortunately, in many countries this strategy has become the focus of RHD control and consumes the majority of
the RHD control budget (and a substantial proportion of the entire health budget).  While the importance of
treating patients in cardiac failure from RHD cannot be ignored, the cost-effectiveness of improving adherence to
secondary prophylaxis – and thus reducing the number of RHD patients requiring surgical and medical treatment
– clearly argues in favour of secondary rather than tertiary prevention.

There is currently no strategy for primary prevention of GAS diseases that has a proven cost-effective benefit at
the population level.  A vaccine that protects against ARF, APSGN, invasive GAS disease and skin infection could
have a major impact if able to be supplied to less developed countries.  Such a vaccine is not likely to be available
in the foreseeable future (although efforts to develop one should be supported).

Primary prevention by reducing exposure to GAS has been extremely effective in reducing the incidence of GAS
diseases in more developed countries over the past century, but there are very few interventions in this category
that do not accompany economic development. Therefore, such an approach cannot be part of a coherent
control strategy for less developed countries in the short to medium term.

Of the remaining primary prevention interventions, primary prophylaxis of ARF has been the most intensively
studied, advocated and practised.  There are clinical issues that require further research in this area, particularly
the development of better clinical algorithms for the diagnosis of GAS pharyngitis.  However, the available evidence
suggests that, even when implemented at an optimal level (a level that is neither practical nor affordable for most
less developed countries), primary prophylaxis can prevent only a minority of cases of ARF.  The efficacy of large-
scale primary prophylaxis programs in reducing transmission of GAS and incidence of GAS pharyngitis has been
demonstrated, although this strategy is unlikely to be cost-effective. The impact of this approach on invasive GAS
disease and APSGN is not known. Although some middle-income countries may choose to implement surveillance-
based primary prophylaxis programs on a large scale for the prevention of ARF, this strategy cannot be
recommended for poorer countries, where the major burden of ARF exists.
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Community-based approaches for controlling scabies have had demonstrated success in reducing the prevalence
and severity of GAS skin infections.  It is possible that mass administration of ivermectin for filariasis in many
countries may have had an important secondary benefit by reducing scabies and skin infections; this is not
known, but could be relatively easily determined.  There is the potential for other strategies addressing personal
and community hygiene (including swimming pools), insect bites, and targeted antibiotic treatment to be added
to scabies programs to further reduce rates of skin infections; this has not been properly studied.  The control of
GAS skin infections and the likely effect of preventing APSGN and invasive disease is sufficient argument to
support the widespread implementation of healthy skin programs in communities with high rates of scabies and
pyoderma.  The possibility that these programs may have the added benefits of preventing ARF and improving
other aspects of child health is further impetus for their implementation and for a detailed evaluation of their health
impact.  This strategy has the potential to be the most effective and practical approach for primary prevention of
GAS diseases in less developed countries.

Mass antibiotic treatment remains a valid strategy for prevention and control of outbreaks of GAS diseases in
particular situations.  These include the prevention of ARF in military institutions and control of focal APSGN
outbreaks.  Targeted antibiotic treatment – e.g. to family contacts of cases of invasive GAS disease – requires
further study.

The most successful GAS control activities have combined multiple strategies including primary prophylaxis,
treatment of skin infections, health promotion, secondary prophylaxis and RHD registers.  Although effective,
these comprehensive programs require a substantial commitment from individuals and organisations (including
Ministries of Health).
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Priority Issues

1. Secondary prophylaxis of RHD should be supported as the most important control strategy for countries with
high rates of ARF and RHD.   A coordinated strategy is needed to audit the extent and penetration of existing
control programs, improve awareness and training in practical strategies for establishing and evaluating control
programs, expand model programs, ensure the availability of quality supplies of BPG, and develop simple
models for countries to calculate the cost-effectiveness of secondary prophylaxis in their setting.

2. In populations where high rates of scabies-associated pyoderma exist, community-based scabies control
programs should be advocated.

3. The results and costs of recent large-scale primary prophylaxis programs based on school-based surveillance
of sore throat should be disseminated so that countries can make informed decisions about such strategies

4. Primary prophylaxis should continue to be advocated for individual patients presenting to clinics with sore
throat where facilities exist to offer treatment.  To that end, better clinical algorithms are required for the diagnosis
of GAS pharyngitis that have been evaluated at the level of community clinics in less developed countries

5. The effectiveness of programs to reduce the prevalence and severity of skin infections on a wide range of GAS
diseases and other health outcomes should be properly evaluated, and compared with existing sore-throat
based strategies.

6. Clinical research is needed to improve the clinical diagnosis and simplify treatment of GAS pharyngitis, and to
improve the diagnostic criteria for ARF in high-incidence populations.  This research should logically take
place in high-incidence populations.

7. There is an urgent need for oversight and coordination of GAS vaccine development, to ensure that a vaccine
becomes available that is safe, affordable and of demonstrated efficacy against the most important GAS
diseases in less developed countries.
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APPENDIX 1
The possible link between GAS skin infections and

acute rheumatic fever

Note:  This appendix has been adapted from a draft chapter for the PhD thesis of Dr Malcolm McDonald
(working under the supervision of the author of this report) with his permission.

It is widely believed that ARF invariably follows GAS infection of the upper respiratory tract, but never follows skin
infection. (205, 206)   However, it is well known that many populations living in tropical climates, where ARF and
RHD are major problems, have low rates of GAS throat carriage.  The best example is in the Aboriginal population
of Australia, where the incidence of ARF is the highest reported in the world yet GAS is rarely isolated from the
upper respiratory tract and GAS pharyngitis is apparently uncommon, yet GAS skin infections are rampant. (33,
207)  Such information is difficult to reconcile with a conviction that only GAS throat infection may lead to ARF, and
justifies a re-evaluation of the evidence underlying this dogma.

The established story: that GAS throat infection alone causes acute rheumatic fever
There is no doubt that ARF may follow GAS upper respiratory infection or scarlet fever. (208-212) Adequate
antibiotic treatment of documented streptococcal pharyngitis reduces the incidence of subsequent ARF. (9, 213,
214)  However, this does not negate the possibility that skin infections may also cause ARF.

There is some evidence against a skin-ARF link from outbreak studies.  In Native American children, outbreaks of
skin infections were associated with APSGN but not ARF. (215) In Trinidad, ‘nephritogenic’ strains were absent
from patients with ARF, a history of recent sore throat preceded 50% of 93 cases of ARF (vs 8% of patients with
APSGN – P <0.001 ) and a history of recent skin infection preceded 92% of 195 cases of APSGN (vs 28% with ARF
– P <0.001). (87)

The seasonal separation between ARF and APSGN is also often cited as evidence.  In Tennessee there was a
summer-autumn peak of pyoderma accompanied by a peak incidence of APSGN. (216) The peak incidence of
pharyngitis was two months later and coincided with the peak of ARF, although there was a second and unexplained
smaller peak of ARF in early spring.  Further evidence comes from serological studies, thanks to the fact that the
ASO titre is strongly associated with throat infection and less so with skin infection, whereas anti-DNase B (ADB)
titres respond to both throat and skin infection. (217) Most patients with ARF have elevated antibody titres to
streptolysin O (ASO), whether or not they recall an antecedent sore throat. (218)  Moreover, there is a relationship
between the magnitude of the ASO rise and the ARF attack rate. (219)  The ASO titre was subsequently adopted
as the preferred serological indicator for ARF.

The concept of separate throat and skin strains, and that pyoderma strains can cause APSGN but not ARF, dates
to the 1960s. (205, 216, 220)  ‘Rheumatogenic’ strains were observed to have abundant M-protein and the colonies
had a ‘mucoid’ appearance on blood agar plates linked with greater expression of the hyaluronic acid capsule.
(221)  Specific M-types were also associated with throat infection and ARF, whereas ‘skin’ strains had different M-
types or could not be typed using available sera. (86, 87, 222, 223).  GAS species can be differentiated into two



28

GROUP A STREPTOCOCCUS

antigenic groups (I and II) on the basis of an M-associated protein, and these groups correlate with known ‘skin’
and ‘throat’ strains. (224) ‘Skin’ strains of GAS possess a lipoproteinase known as serum opacity factor (SOF or
SfbII), whereas known ‘rheumatogenic’ M-types are predominantly SOF-negative, although SOF-positive GAS
strains may be recovered from throats of some children. (225-227)  A further differentiation of strains based on
differences within the conserved C repeat region of the M protein resulted in the identification of Class I strains,
correlating with SOF-negative strains and containing serotypes associated with outbreaks of ARF, and Class II
strains which are associated with skin tropism. (228, 229)  Patients with ARF were shown to mount a strong
antibody response to Class I-specific epitopes, but not epitopes specific to Class II. (230)  Further studies
demonstrated that the arrangement of emm and emm-like genes allowed GAS isolates to be categorised in five
patterns, A through E. Patterns A-C were associated with throat infections and ARF, pattern D with skin infections
and pattern E with infections at either site. (231)

Epidemiological evidence for strain differences also came from studies done in Trinidad where both impetigo and
rheumatic fever were common; both M-typing and T-typing were used to show that strains colonizing the skin
were not associated with ARF. (87)

In explanation of the host response, it has been suggested that because the pharynx has a large repository of
lymphoid tissue, it may be important in the initiation of the abnormal humoral response by the host to those
antigens cross-reactive with target organs. Pyoderma strains do colonize the pharynx; however, they do not
appear to elicit as strong an immunologic response as the pharyngeal strains. (217, 232)

Lastly, despite a wealth of published material linking GAS throat infection to ARF, there is a dearth of cases of
clearly documented ARF following skin infection. One well-documented case appeared in the literature a quarter
of a century ago, but there it ends. (233)

Evidence that challenges the established story
High prevalences of GAS skin infection and low throat carriage rates of GAS have been found in many resource-
poor countries and indigenous communities, (33, 87, 234, 235) and a possible relationship between GAS skin
infection and ARF/RHD in the tropics was raised more than 25 years ago (87). However, most studies have been
limited by lack of prospectively collected surveillance data and modern laboratory tools to better define the
epidemiology.

The epidemiology of GAS and other beta-haemolytic streptococci in non-urban Aboriginal communities in Australia
now seems to be distinct from that described in the US, Europe and other temperate climate settings.  Classic
‘rheumatogenic’ M-serotypes of GAS are not to be found despite the rates of ARF/RHD. (236, 237)  Moreover,
most local strains cannot be M protein typed using available antisera. (237, 238). Modern molecular techniques
have provided the key to understanding the epidemiology in more detail. One study of emm-patterns of GAS
isolates from a remote Aboriginal community with a high incidence of ARF/RHD showed that skin-trophic strains of
GAS (emm patterns D and E) were predominant and the relationships were quite different to that found in temperate
regions. (239) For example, although patterns A-C were most common in the throat, 70% of the ‘throat’ strains
(emm patterns A-C) came from skin sores. There was relatively poor differentiation between strains that infected
the skin and those found in the throat; in this setting, skin lesions appeared to be the principle tissue reservoir for
all GAS strains, irrespective of emm pattern.  In northern Thailand, six of thirteen previously undescribed emm
types of GAS were isolated from both the skin and the throat of impetigo and pharyngitis/ARF patients, and in
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many cases the authors could not differentiate skin strains or throat strains that could be associated with ARF or
acute glomerulonephritis. (240)

Lack of seasonal variation of ARF and APSGN has not been found in many high-incidence countries where it has
been studied; examples include Kuwait, Trinidad, Ethiopia and Chile. (87, 241-244)  In the New Zealand Maori
population, peaks of ARF and APSGN both occur in the autumn and coincide with peak rates for GAS skin
infection. (245). Thus, the argument of seasonal variation may not necessarily apply where the risk of disease is
highest.

According to the serological evidence, children with ARF should all have elevated ASO titres with or without
elevated ADB titres.  Yet, in a large study of Aboriginal children with unequivocal ARF, 55 had elevated ADB but
normal ASO titres. REF Either the ASO titre is an unreliable indicator of throat infection or GAS infection at another
site, such as skin, preceded a significant number of cases. There are a number of possible reasons for a lack of
ASO titre rise in some cases of ARF, including maturity of the immune response and the effect of early treatment,
and that Groups C and G streptococci also produce streptolysin O which may be a confusing factor. (246) Lack
of uniform ASO response in children with ARF has been noted elsewhere, including Kuwait, South India, Trinidad,
Nigeria and ‘underprivileged, black inner-city children’ of Miami-Dade County. (247-252) Likewise, in Brazil, da
Silva and others documented a lack of significant ASO response in a third of 786 confirmed cases of ARF seen in
seven paediatric rheumatology clinics in the state of Sao Paulo. (253)

Despite the lack of published episodes of ARF following skin infection, the case published by Popat and Riding
was well documented and followed skin infection with a common pyoderma serotype. (233, 254) Thus it can
happen. Proving that it occurs more frequently, especially in a tropical setting, is difficult. In temperate climates,
where overall GAS infection is less common and diagnostic facilities are available, a patient with GAS pharyngitis
is much more likely to be identified clinically and the infection then confirmed with appropriate investigations.
Whereas, in an environment where GAS infection is common and children may have multiple infections with
multiple strains, a case of ARF cannot be easily attributed to any particular GAS infection or strain, especially
when it can only be done in hindsight.

There is also the intriguing possibility that Group G and/or Group C beta-haemolytic streptococci may play role in
the pathogenesis of ARF. The rate of throat carriage of Group C (GCS) and Group G (GGS) streptococci is higher
(15-20%) in Northern Territory Aboriginal populations than GAS. (57, 255)  This finding has also been documented
in other tropical and sub-tropical settings. (256-258)  Both organisms can cause pharyngitis, post-infectious
polyarthritis and invasive disease; GCS can cause APSGN. (259-263)  Human strains of GGS & GCS have M
protein and share other virulence factors with GAS. (261, 264-268)  Cross-reactivity has been demonstrated
between GCS & GGS M protein and cardiac myosin. (255) Furthermore, there is clear evidence of habitual gene
transfer between strains of GAS and GCS & GGS. (269-272) The role of GCS & GGS in the pathogenesis of ARF/
RHD, if any, remains undefined and deserves further investigation.

The traditional story regarding the pathogenesis of ARF/RHD is now being questioned in Australia, the Pacific
island nations and beyond. (33, 245, 273, 274)  In populations with high rates of both pyoderma and ARF, there is
a growing body of circumstantial evidence that skin infection may be implicated and there are several possible
mechanisms. It could be fairly straightforward with GAS infection of the skin directly leading to ARF; alternatively
strains from pyoderma lesions could first infect the throat and then cause ARF. Another possibility is that of
immune ‘priming’. Beta-haemolytic streptococcal infections (GAS and others) promote type-specific and non-
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type specific immune responses in the host. They are both humoral and cellular in nature, in part genetically-
determined and apparently exaggerated in ‘susceptible’ people. (275, 276) It has been clearly established that
repeated exposure to streptococcal infections plays a central role in the development of ARF (277, 278) and
constant antigenic challenge from either the skin or the throat seems to ‘prime’ the immune response both
quantitatively and qualitatively. Thus, in high incidence settings, it may be recurrent streptococcal pyoderma that
sets the stage for a ‘rheumatogenic’ strain, either in the throat or on the skin, to cause ARF.

Should it be found that streptococcal pyoderma does have a pathogenic role, it is still probable that the risk of
developing ARF after an episode of pharyngitis is much greater than that following pyoderma. Nevertheless, in
populations with a high incidence of skin infection and low incidence of streptococcal pharyngitis, the number of
cases of ARF resulting from pyoderma could still represent a substantial proportion the total number of cases
seen each year.(33)
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