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Recent advances in rheumatic fever control
and future prospects: a WHO Memorandum *

The public health importance of rheumatic fever is not directly related to its prevalence
but is a complexfunction ofmanyfactors, such as incidence, prevalence, mortality, disability,
and cost to the community, all relative to the importance of other diseases. Although the
prevalence is low and still decreasing in developed countries, rheumatic fever is the com-
monest form of heart disease in many developing countries. Advances in the bacterial and
serological characterization of group A streptococci are reviewed in this Memorandum,
with emphasis on the nature of the structural elements of the cell wall. Microbiological
methodsplay an important role in the diagnosis and control ofrheumaticfever and up-to-date
information is given concerning methods of isolation and grouping and of typing. Methods
ofassessing streptococcal activity in the host, in particular the different antibody responses
found in relation to different pathological conditions, are discussed, as are the improvements
required in laboratory services to enable them to carry out these duties adequately. Current
concepts concerning the pathogenesis of rheumatic fever are reviewed together with dif-
ferences in the epidemiology related to the different sites of infection and the problems of
carriership. The Memorandum is also concerned with the methods ofprevention and treat-
ment, including prevention of recurrences, control of the disease in communities, and
strategies for nationwide control.

IMPORTANCE OF RHEUMATIC FEVER
AND RHEUMATIC HEART DISEASE IN DEVELOPED

AND DEVELOPING COUNTRIES

Disease being both a biological and a social
phenomenon, it is only to be expected that the
occurrence rates of many diseases are correlated,
either positively or negatively, with social conditions
and their changes. The decline of rheumatic fever
with improving standards of living has been well
established and often quoted. The public health
importance of a disease, however, is not a direct
result of its occurrence rates, but is a complex func-
tion of many factors, such as incidence, prevalence,
mortality, disability, cost to the community, and
preventability, all of them viewed on a relative scale,
compared with the importance of other diseases in
the same setting.
Rheumatic fever without carditis and resulting

chronic valvular heart disease is a relatively benign
condition; in the following, however, rheumatic

* This memorandum was prepared by the signatories listed
on page 905 at a Consultation held in Geneva in September
1977. Reprints may be obtained from Chief, Cardiovascular
Diseases, World Health Organization, 1211 Geneva 27,
Switzerland. A French translation of this Memorandum
will appear in a later issue of the Bulletin.

fever and rheumatic heart disease will be discussed
jointly since they cannot be separated from the
epidemiological point of view.

Spread of the disease
Current knowledge of the occurrence of rheumatic

fever and rheumatic heart disease is derived from
general mortality statistics, hospital admission
statistics, or special epidemiological surveys of
rheumatic heart disease. There are relatively few
countries in the world without any data on rheumatic
fever (1); nevertheless, much of the information
there is on rheumatic fever incidence and rheumatic
heart disease mortality is unsatisfactory because
reliable incidence data are very difficult to obtain (2),
surveys for rheumatic heart disease often fail to
consider or to state the denominator (3) or the
diagnostic criteria used, and hospital statistics give
a biased picture of occurrence, since admissions
depend on a host of different factors.
The literature has been reviewed repeatedly.

Recent reviews (1, 3) point out that with all the
limitations mentioned, the prevalence of rheumatic
heart disease in schoolchildren seems to be about
0-1 per thousand in developed countries, and is
much higher in developing countries. Thus rheumatic
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heart disease prevalence rates as high as 22 per
thousand (4) and even 33 per thousand have been
reported in school-age children in urban slums of
some developing countries. Schoolchildren are
often selected for surveys since they are an easily
accessible segment of the population and since
rheumatic fever starts in childhood. However,
some house-to-house surveys have also been carried
out, such as Berry's survey in northern India (5).
There is no doubt (a) that the incidence and

prevalence of rheumatic fever and rheumatic heart
disease have very much declined in socioeconomically
developed countries (6-11); (b) that in areas of
developed countries where the frequency of the
disease has been low for some time, there is still a
decreasing trend (12-15); (c) that the decline is
asymptotic, since the disease still exists, with some
possible exceptions, even in the most affluent
countries (mostly in pockets ofpoverty), showing that
its eradication has remained " an unfulfilled hope "
(16); and (d) that in developing countries of the
tropics and subtropics rheumatic heart disease is the
commonest form of heart disease, often of very
great severity (17-19) as it used to be observed in
Europe a century ago (20).
The relative importance of rheumatic fever
The importance of rheumatic fever in high and low

incidence areas has thus to be discussed separately.
In countries where rheumatic heart disease prevalence
is higher (developing, mostly tropical countries)
factors emphasizing its importance are frequency
and severity of the disease, the burden of invalidity
caused by chronic heart failure, and the expense of
recurrent hospital treatment. Factors mitigating its
(relative) importance are other health priorities,
such as acute communicable diseases or tuberculosis.
Its importance is decreased in areas where rheu-
matic fever is rare (technically developed countries)
by low occurrence rates and is increased by the cost
of corrective valvular surgery and invalidity.
Obviously, any presentation of contrasting extremes
is unjustified since there are many shades in between;
it is difficult, however, to assess quantitatively the
above factors and to express them in a generally
valid formula.Thus, the assignment of the appropriate
priority to be accorded to rheumatic fever and
rheumatic heart disease has to be based on an ana-
lysis of the actual situation in a community, including
the consideration of the local scale of values.

Preventability is a factor contributing to the public
health importance of the disease in any setting.
Chronic crippling rheumatic heart disease may be

prevented, to a great extent, by adequate prophylactic
measures. The persistence of a largely preventable
disease should bring it automatically into the focus
of medical attention.

CRITERIA FOR THE DIAGNOSIS OF RHEUMATIC FEVER:
CURRENT CONCEPTS AND PROSPECTS OF MODIFICATION

Since their publication in 1944, the Jones criteria
(21) for the diagnosis of rheumatic fever have been
modified by the American Heart Association (22)
in 1956 and revised again in 1965 (23). According
to the " revised" criteria, definite laboratory or
clinical evidence of preceding streptococcal infection
(increased titre of streptococcal antibodies, positive
throat culture for group A streptococcus, or recent
scarlet fever) is mandatory for the diagnosis of
acute rheumatic fever, in order to reduce over-
diagnosis. A WHO Expert Committee in 1966
recommended, however, the continued use of the
" modified " criteria because of their wider practi-
cality, since many streptococcal infections occur
without a scarlatiniform rash and since adequate
laboratory facilities for supporting the diagnosis of
streptococcal infection were not available in many
places at that time (24).
Critiques
The rheumatic fever diagnostic criteria have

repeatedly been discussed critically (25-31). It has
been pointed out that carditis and chorea have a
greater weight than nodules and erythema margina-
tum, while the minor signs have poor diagnostic
value (25); that milder forms of rheumatic fever
may have only " incomplete " criteria (26), implying
that the criteria are not sensitive enough to cover
those mild cases; that because of a general marked
decrease in the severity of the disease, the Jones
criteria cannot be fully depended on (27); and
that conditions recently recognized as presenting
confounding clinical patterns, such as Yersinia
enterocolitica infections (28), viral endocarditis (30),
or even sickle cell disease or strongyloidiasis (31),
also require further amendments to the Jones criteria.
New modifications of the diagnostic scheme have
been proposed (25, 28, 29) and a rather elaborate
scoring system of signs and symptoms (29) still has
to be tested for its practicality.
Sensitivity versus specificity
Two separate issues are thus involved. On the

one hand, the rheumatic fever criteria are considered
to be not sensitive enough, since mild cases may be
missed; on the other hand they are considered to be
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not sufficiently specific, since many other conditions
may falsely qualify as rheumatic fever.
On the epidemiological level, the two issues are

obviously conflicting. Any increase of the sensitivity
of a method will automatically increase the pro-
portion of "false positives " and vice .versa, if
specificity is increased, more " true positives "
will be excluded, inflating the proportion of " false
negatives ". It is a particular difficulty inherent in
the diagnosis of rheumatic fever that there are no
criteria of the disease independent of the signs and
symptoms whose diagnostic significance is to be
validated.

Since both overdiagnosis and underdiagnosis seem
to be inevitable, it should be clarified which one is
more acceptable at the community level. This
may vary according to local attitudes. In settings
where overdiagnosis is more prevalent, strictly
specific criteria should be propagated. Where the
disease is being rather underdiagnosed, sensitivity
may need to be increased. Where laboratory facilities
are limited, application of the more specific " re-
vised" criteria may not be possible. Two levels of
diagnostic criteria might thus be considered, a more
specific and a more sensitive one, but there are many
dangers in the application of a double standard.
.It is reasonable to suggest following, wherever
possible, the "revised" Jones criteria, including
laboratory evidence of streptococcal infection or
clinical evidence of recent scarlet fever.
Are overdiagnosis (due to lack of specificity of

the criteria) and underdiagnosis (because of their
insensitivity) real or false issues ? The Jones criteria
(modified) provide for 75 combinations of the
minimum criteria: the computed number of possible
combinations of all criteria amounts to 1939. While
the second figure represents only a medical curiosity,
the number of 75 possible combinations as minimum
criteria should give sufficient sensitivity. Specificity
might be increased by simply adding certain items
to the list of conditions to be excluded when dif-
ferential diagnosis is being established.

Prospects
That nonadherence to the rheumatic fever criteria

should be blamed for problems in diagnosis rather
than the criteria themselves was shown some 15 years
ago (32). Nevertheless, some updating of the Jones
criteria might be useful, among other reasons, in
order to make the criteria correspond more closely
with the clinician's thoughts, by introducing more
shades according to the present frequency (or

rarity) of the signs and their relevance to the course
of the disease. It might be useful also to introduce
different shades for the diagnosis of first attacks
and for recurrences of rheumatic fever. However,
no new amendment of the Jones criteria should be
introduced without a careful analysis of present
diagnostic practices and of the present rates of
occurrence of the diagnostic signs.

RECENT ADVANCES IN BACTERIOLOGICAL
AND SEROLOGICAL CHARACTERIZATION

OF GROUP A STREPTOCOCCI

The biology of the group A streptococcus cannot
be understood without a thorough knowledge of
the structure of its cell wall and many recent studies
have paid great attention to this feature.

Cell wall structure studies (33-37) have demon-
strated that M protein is associated with the fimbria
attached to the surface of the cell. The group
polysaccharide is found deeper in a thin layer(s),
while the peptidoglycan has an intercalating mosaic
structure. The hyaluronate capsule forms the outer-
most part of the cell.

Lipoteichoic acid is located in the streptococcal
fimbriae; it enables the microorganism to adhere to
epithelial cells of the human oral mucosa (38-42).
It has been conclusively demonstrated that the
fimbria determinants can be dissociated into one
responsible for resistance to phagocytosis (M pro-
tein) and another responsible for binding to epithelial
cells.

Research into M protein production (43, 44) and
refined techniques of isolation and purification have
proved the feasibility of preparing M protein of high
purity (4S-49). However, immunological inves-
tigation has shown that even highly purified M
protein is associated with a protein antigen that is
non-type-specific (49-Si) and there are reasons for
believing that this non-type-specific antigen is
responsible for the hypersensitivity of man to M
antigen vaccine. Furthermore, it might be partly
responsible for the immunological relationship of
group A streptococcus to host tissues. Antibody to
the non-type-specific antigen is frequently en-
countered- in human sera. Brief digestion of the M
protein preparation with pepsin considerably reduces
its contamination by the non-type-specific anti-
gen (52). Purification of M antigen (for example,
type 24) by isoelectric focusing (53) has a similar
effect. This has been carried out with an alkaline
extract of M protein and the resulting preparation
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was found to contain only the type-specific pro-
tective (antiopsonic) determinant, while the type-
specific precipitinogen was absent. This means that
the two activities of M protein are distinct and
can be separated. This has also been demonstrated
by some other purification methods, for example,
by a guanidine extraction procedure. It was recently
reported that the extraction of cells with pepsin and
further purification deprives the M protein of non-
type-specific immunoactivity while its antigenicity is
preserved (54).
An important part of M protein research has been

concerned with the antigenic relationship among the
various M types (55). Shared antigenicity among
M proteins of some types has been reported for
opsonic or mouse protection determinants (56);
the degree of heterologous protection was found to
be related to serotype combination. Cross-protection
in mice experiments was also recorded in trials with
a ribosomal vaccine (57). However, the finding that
some group A streptococci carry on their cell surface
an Ig receptor for the Fc fragment of the heavy chain
of human and rabbit immunoglobulin indicates
a need for reinvestigation and confirmation of the
reports mentioned above (58, 59).
A number of new M types, type 52 and higher,

have been recognized in recent years, most of them
causing pyoderma (60, 61). Several of the types are
important strains causing nephritis in hot climatic
areas. The existence of two M substances in one type
has again been reported, and this indicates the
likelihood of further similar occurrences within
particular M types (62). Antigenic drift in M protein
may play a role in the emergence of new types.
Recent studies of M protein might offer new ap-
proaches to vaccination (63-66).
The T and R proteins (67-69) have been the

subject of only a few biochemical and serological
investigations in recent years. With the term " M-
associated protein" (MAP) (70, 71), some authors
identify the substance called by others non-type-
specific protein; the substance is only present in
M-positive strains. There are three antigenic forms
of M-associated protein that are related to different
isoelectric focusing patterns; high titres of antibody
to these three proteins have been encountered in
sera of rheumatic fever patients.
A serum opacity factor (SOF) (72-74) has been

identified in at least sixteenM types and this substance
has been shown to be type specific in a number of
types. It cannot be separated from the M protein
in M-positive strains. Antibody to SOF develops

in man during streptococcal disease. Experiments
have been performed which indicate that M protein
and the SOF are controlled by closely associated genes
and that the control is accomplished by an extra-
chromosomal plasmid(s) or bacteriophage. Studies
on cross-reactive antigen revealed that not only mam-
malian heart cells, but also epithelial cells of the
thymus and the skin of man and some animals,
contain antigens immunologically related to group A
streptococci. A cross-reactive antigen has been
isolated from the cell wall and the cytoplasmic
membrane of group A streptococcus; it comprises
four polypeptides and accounts for less than 0.5%
of the dry weight of the membrane.

Structural study of group A carbohydrate has
demonstrated the presence of 1,2- and /-1,3-
linked rhamnose chains and N-acetylglucosamine
linked by /3-1,3 to rhamnose.
The structure of group A streptococcus peptido-

glycan is well known, and synthetic subunits have
been prepared in order to identify the biological
functions (75, 76) of streptococcal peptidoglycan
in chemical terms and to investigate the possibility
of using synthetic analogues as adjuvant substances.
The red cell-sensitizing antigen (77) of group A

streptococcus was recognized to be a heat-stable,
high-molecular-weight teichoic acid. Antibody to
this antigen develops in human infection.
The immunosuppressant factor (78) of group A

streptococcus is a component of the cytoplasmic
membrane; it suppresses the primary immune
response but does not prevent the production of
19S and 7S memory cells.

Studies on extracellular streptococcal products
have resulted in several important findings. A highly
purified and electrophoretically homogeneous pro-
tein fraction was isolated from streptococcal
pyrogenic exotoxin and was found to be erythrogenic
and pyrogenic and to produce enhanced suscepti-
bility to endotoxin (79). An attempt to identify
streptolysin 0 in subcellular fractions of group A
streptococcus revealed that most of the activity was
located in the periplasm (between cell wall and
membrane) (80). Highly purified streptolysin S
with a molecular weight of 20 000 was prepared by
column chromatography (81). Similarly, hyaluro-
nate lyase (82, 83) has been purified and identified
as a glycoprotein with a molecular weight of
50 000 or 70 000. Improved methods for the puri-
fication of deoxyribonuclease B have been elabor-
ated. A phosphatase, an esterase, an N-acetyl-
glucosaminidase, and an adenosine triphosphatase
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have been detected in group A streptococcus,
partly purified and characterized. From the large
number of streptococcal antigenic substances detect-
able with human antibody and not yet identified,
two new protein antigens (84) have been isolated
and named X and Y.
Much attention has been paid to cellular immune

reactions induced by group A streptococcus cellular
and extracellular products (85). Activity of this
type, of varying intensity, was encountered under
different conditions in a number of streptococcal
products and is subject to further investigation.

Antibiotic resistance studies in group A strepto-
coccus revealed that resistance to some antibiotics is
determined by the presence of plasmid(s) and that
its transfer is phage-mediated. It was shown that
intergroup transduction of streptomycin and baci-
tracin resistance can be achieved between group A
and C streptococci and that group A streptococcus
can serve as recipient (86). The emergence of
erythromycin-resistant group A streptococci may
eventually call for a modification of the recom-
mendation to use this antibiotic as an alternative
drug to penicillin in the treatment of streptococcal
infection. Penicillin continues to be the drug of
choice since no penicillin-resistant group A
streptococci have been encountered so far.

It has been reported that group A streptococcus
produces two kinds of antibacterial substance
(bacteriocine): one extracellular and heat-stable,
the other cell-bound and heat-labile. Both have a
low molecular weight (87-90).
Although a large body of new information has

been derived from research on the bacteriological
and serological properties of group A streptococcus
in recent years, there is still a long way to go before
the ultimate goal of a detailed and widely applicable
diagnosis and control of streptococcal infections and
their sequelae is reached.

IDENTIFICATION OF GROUP A STREPTOCOCCUS

Isolation and grouping
Microbiological laboratory methods play an

important role in the diagnosis and control of
rheumatic fever intimately related to streptococcal
infections.

Studies comparing recovery rates of streptococci
from throat swabs prepared with different materials
and substances have been made and have shown no
appreciable quantitative differences. General experi-
ence has shown that cotton wool swabs are satis-

factory. However, the grade of cotton wool may
affect the recovery and it is recommended to use the
best grade available.
Concerning transport of specimens, when a delay

of 4 hours or more is anticipated in the specimens
reaching the laboratory, the filter-paper strip
transport system has been shown to be adequate.
However, more information is still required to
assess the existing transport systems in extreme
climatic conditions. Furthermore, to obtain re-
producible and reliable results, it is essential that
the staff are well trained in the collection and pro-
cessing of specimens.

Concerning primary isolation procedures, much
has been written about the type of blood to be
used when preparing blood agar. The inadequacy
of human blood, the importance of having well
isolated colonies (at least one-half of a plate per
specimen), and the satisfactory results that may
be obtained by the streak-stab plate procedure and
incubation in normal atmosphere have been pointed
out repeatedly. It must also be stated that enrich-
ment of specimen swabs to improve the recovery
of beta-haemolytic streptococci is not advisable,
especially when quantitative throat culture is
required, for example, for identification of acute
infections or for detection of potentially infective
group A streptococci carriers. Since the growth
of group A haemolytic streptococci has been shown
to be significantly delayed or inhibited, in comparison
with other groups, on some commercial culture
media, quality control of culture media and other
reagents is essential to monitor the performance of
the service provided.

Classification of beta-haemolytic streptococci into
groups is best achieved by the Lancefield or Fuller
precipitation methods. Several new methods for
grouping streptococci have been developed: (1) an
antibody-coated staphylococci coagglutination
method which uses very small amounts of grouping
serum; (2) a counter-immunoelectrophoresis (CIE)
grouping method allowing identification and dif-
ferentiation of group A streptococci in 6-7 hours;
(3) a new immunofluorescence method for the
identification of group A streptococci using fluo-
rescein isothiocyanate-labelled F (ab)2 fragments
of IgG, eliminating non-specific reactions between
groups A, C, and G streptococci; (4) a simple
chemical extraction with nitrous acid, not requiring
the use of heat and necessitating only one pH
adjustment; and (5) a combined autoclave-Pronase B
procedure which has been reported to be an efficient
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extracting procedure. However, when serological
grouping is not feasible, the presumptive bacitracin
test may be used provided the prevalence of other
beta-haemolytic streptococci of groups B, C, and G,
which cause false positives, is evaluated adequately
by means of quality control testing on a continuing
basis. Finally, a prompt and adequate standard
laboratory reporting system is important not only
for efficient support of physicians in their daily
work but also for epidemiological investigations.

Typing
There has been a renaissance of interest in strepto-

coccus typing in recent years, the factors responsible
for this being the new knowledge of the ecology
of streptococci gained from epidemiological studies
in various parts of the world, the emergence of
new types of group A streptococci, and better
recognition of surface antigenic components of these
microorganisms.
The objectives of developing routine typing

procedures for group A streptococci are accuracy
and simplicity, since the present situation is far
from ideal.
Three major typing systems are in use. Their

employment depends on the facilities of the strepto-
coccus laboratory.

(a) M typing,a which with group A streptococci
identifies the antigen responsible for the development
of type-specific immunity, has been simplified by
introducing the double-diffusion test for which
suitable unabsorbed sera, or sera adequately
absorbed, can be used. M typing still gives rise to
some problems because of, among other things,
frequent strain untypability and the difficulty of
raising M sera.

(b) T typing b has been subject to little change over
the past years. It is used more commonly than M

a The following M numbers are not used: 7, 10, 16, 20,
21, and 35. There are partial antigenic relationships among
the following groups: 13 and 48; 2 and 40; 3 and 12; and 33,41,
43, and 52.

b The T patterns listed below (left column) correspond to
the M types indicated in the right column:

3/13/B 3264 . . . 3, 13, 33, 39, 41, 43, 52, 53, 56
4/28 . . . . . . 4, 24, 26, 28, 29, 46, 48, 60
5/12/27 . 5, 11, 12, 27, 44, 61
6. . 6
8/25/Imp. 19 . . . 2, 8, 25, 31, 55, 57, 59
9 . . . . . . . . 9
14/49 . . . . . . 14, 49
15/23/47 .. ...15, 17, 19, 23, 30, 47, 54
18 ... 18
22 ... 22

typing because of high strain typability and ease
of performance. The set ofT sera in use has remained
the same over a long period except for the addition
of a few types. However, the results of T typing
are less informative than those of M typing. This
has been a stimulus for the development of so-called
T factor sera, which to some extent can differentiate
within a particular T pattern, for example 5/12/27
or 3/13/B 3264.

(c) Serum opacity factora (SOF) identification
has been a great contribution to streptococcus
typing. This factor classifies all M types in two
groups-namely SOF-positive types, comprising
16 types (2, 4, 9, and others), and SOF-negative
types. The SOF is, with rare exceptions, type-
specific and identifies the corresponding M type.
Routine SOF-typing considerably increases the
typability of strains producing this factor.
An additional marker in streptococcus typing is

NAD+ nucleosidase (EC 3.2.2.5) (NAD+ glyco-
hydrolase). It has been shown that the production
of this enzyme is related to certain M types only.
Demonstration of NAD+ nucleosidase can be useful
in M-negative strains because it allows further
differentiation of strains within T patterns.

Since the number of M-types recognized and the
methods of group A typing have progressed in
recent years, it is important to supply more labora-
tories with a sufficient, and more complete battery of
typing sera. It is also necessary to create more
facilities for efficient serum production and to
provide additional training for laboratory staff
in order to promote professional standards and to
obviate the present difficulties many laboratories are
encountering in trying to cope with increasingly
complicated techniques.

ASSESSMENT OF STREPTOCOCCAL ACTIVITY
AFFECTING THE HOST

Group A streptococcal activity in the host may
lead to subclinical infections, or may lead to clinical
conditions that are difficult to distinguish, on clinical
grounds, from diseases due to other causes. Attempts
to assess specific host reactions to streptococcal
infections have aimed at measuring antibody re-
sponses to various streptococcal antigens. The
revised criteria for diagnosis of rheumatic fever

a The following SOF type numbers are the same as the
M type number for same strain: 2, 4, 9, 11, 13, 22, 25, 28,
48, 49, 58, 59, 60, 61, 62, and 63.
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-require laboratory evidence of recent streptococcal
infection as a necessary confirmation of such a
diagnosis.

Non-type-specific antibodies
The determination of antibodies to streptolysin-O

(ASO) and hyaluronidase (AH) have been widely
used in the past to document streptococcal infec-
tions. At present, besides the ASO determination,
which continues to be the most frequently used,
the measurement of antibodies against deoxyribo-
nuclease II (EC 3.1.4.6) (DNase II), NAD+ nucleo-
sidase (EC 3.2.2.5) (NADase), cross-reactive heart
antigen, M-associated protein (MAP), and group A
polysaccharide, can be performed in adequately
equipped laboratories.

Recent studies have confirmed that one of the most
important and apparently absolute determinants for
the development of rheumatic fever after group A
-streptococcal infection is that the infection takes
place in the upper respiratory tract (91, 92). Other
studies have shown that the antibody response to
some streptococcal antigens is influenced by the
site of infection. Thus, the production of ASO after
streptococcal skin infections is generally poor,
whereas antibody to DNase II is almost always
produced following these infections (93). NADase
elicits erratic antibody responses following skin
infections and their renal complications but produces
a high antibody response in acute nephritis initiated
by throat infection (93). An association between
the persistence of antibody to group A carbohydrate
and the development of rheumatic valvular disease
has also been reported (94).

There is also evidence that some streptococcal
antigens might not be as specific as previously
thought. Infection with group C streptococcus
(and possibly group G as well) may be followed by
a rise in ASO (B. Aasted, personal communication,
1978). Further research is needed on the impact
of groups C and G infections on the normal levels
of ASO in populations in whom these non-group A
infections are highly prevalent and the problems
that these infections may cause in the differential
diagnosis of rheumatic fever with elevated ASO
and negative throat culture. Moreover, antibody
levels to group C carbohydrate may rise after a
group A streptococcal infection (B. Aasted, personal
communication, 1978) reflecting the phenomenon
of original antigenic sin (95).
Many laboratory procedures are available for

determining streptococcal antibodies. Repro-

ducibility of findings with different batches of
reagents and valid comparison between results from
different laboratories depend on the accuracy of
technical performance and the adequacy of reagents
and materials. Internationally standardized antibody
preparations are lacking for these tests, except for
the ASO determination (where they may not be
sufficiently used).
The use of two or more antibody tests to support

the clinical diagnosis of rheumatic fever is rec-
ommended. The ideal choice would be to test for
those antibodies that relate best to group A strepto-
coccal throat infection and the occurrence of
rheumatic fever. ASO is probably the best test
available, although it is not always specific for
group A. The second choice should go to anti-
DNase II or to anti-NADase. Anti-DNase II may
be more specific for group A infection than ASO
but it identifies skin as well as throat infections.
NADase produces antibodies adequately after
some throat infections but the response may be poor
with strains that do not produce this enzyme and is
notably erratic after skin infection. The myocardial
antibody is almost regularly positive in strepto-
coccal infection followed by rheumatic fever (96).
For both the anti-NADase and the myocardial
antibody tests, the necessary reagents are not
commercially available and they both require special
equipment. In all instances, the prevailing antibody
values in the normal population of comparable age,
in the same season and year, should be determined.

Recently, a simple multiple antibody test (Strep-
tozyme) has been developed (97-103).a This test
is currently being evaluated.

Type-specific antibodies
Immunity to streptococcal infections is type

specific. At the present time, the bactericidal test,
the long-chain test, the mouse protection test, and
the opsonocytophagic test are still the common
biological procedures used to determine type
specific antibodies. These semi-quantitative tests
are tedious, cumbersome, and not amenable to
use with large numbers of specimens.
As the purification ofM protein improves, interest

will probably increase in the use of the haemagglu-
tination and complement fixation techniques. Re-
cently a radioimmunoassay technique using highly
purified M protein has been developed. It has been
reported that the technique is sensitive and specific

a See also: WHO cooperative study on the Streptozyme
test (STZ) (unpublished document BAC/76.3).
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and correlates adequately with the results of the
bactericidal test. Its general use is, however, hindered
by the sophisticated equipment needed for the
purification of the antigen and its labelling and for
counting radioactive particles.
Another current trend is to adapt the enzyme-

linked immunosorbent assay (ELISA) for the
determination of streptococcal type specific anti-
bodies. Preliminary data on ELISA and its usefulness
in the detection of streptococcal group or type
specific antibodies have been reported (104) and
attempts are being made to establish the specificity
of the test and to quantify the M antibodies.
Cell-mediated reactions
Immunized animals and persons sensitized with

various streptococcal preparations develop delayed
hypersensitivity through several cell-mediated reac-
tions (105-112).

Early studies have suggested that cell-mediated
responses may play a role in the nonsuppurative
complications of streptococcal infections, particularly
rheumatic fever (113) and recent results support this
possibility (109, 114). In the early stage of the
disease, an increase in the proportion and absolute
number of B cells have been reported and inter-
preted as indicating a loss of suppressor T cell
function (115). It was also shown that persons with
HL-A5 antigens show a greater response to some
streptococcal antigens (116). It is of interest to
note that studies of human tonsils have also docu-
mented the active role of tonsillar lymphocytes in
immune cell-mediated responses (117). However,
no practical applications to the diagnosis or manage-
ment of rheumatic fever have yet resulted from these
studies.

STRENGTHENING OF LABORATORY SERVICES

Efficient and reliable laboratory services capable of
performing isolation and identification of group A
streptococci and of assessing streptococcal antibodies
are the mainstay of any programme for the control
of rheumatic fever in a population. However, in
practice, inadequately equipped general micro-
biological laboratories are often engaged in such
work, and there is an obvious need to strengthen
them.
The best approach to strengthening the laboratory

services is to build up a system consisting of well
defined national and international components.
Such a system would comprise local (district,
provincial) laboratories, a national streptococcus
laboratory providing guidance and reference and

training facilities to the local laboratories, and WHO
Collaborating Centres at the international level.
The standard basic laboratory procedures for

bacteriological and serological diagnosis of strep-
tococcal infections and rheumatic fever at the
provincial or district levels should, at the minimum,
include specimen collection and transport, and
methods for the isolation and grouping of beta-
haemolytic streptococci by serological precipitation
or (presumptively) by the bacitracin test, and for
the determination of antistreptolysin-O and possibly
antideoxyribonuclease II. In a second stage, as the
capacity of the provincial laboratories increases,
further decentralization from the national centres
should take place, provided that the manpower and
facilities are available locally and that the cost is
not increased. Adequate quality control is essential.
The streptococcus centre within the national

laboratory service has two major tasks. Its basic
function is to promote the diagnosis and control
of streptococcal infections. This is achieved by
establishing reference methods, providing training
facilities, and organizing courses including bench
training for laboratory workers in the country.
It is also its responsibility to maintain referral
services, that is, carry out elaborate tests that cannot
be decentralized for technical or cost-efficiency
reasons. It should also maintain and make available
to laboratories in the country, when requested, basic
sets of streptococcal reference strains and produce
and make available selected laboratory reagents,
including diagnostic products such as grouping and
typing sera, and antigens and reference sera for
titration of streptococcal antibodies in human sera.
To ensure adequate performance of the provincial
laboratories, quality control should be continuous,
including the introduction of known specimens into
the regular flow of clinical microbiology specimens.
An essential measure that is too often neglected is
that provincial staff should have periodic contacts
with senior staff from the national centre. Quality
control of reagents should also be done at the
national centre.
A national streptococcus centre should carry out

research in close cooperation with other institutes
and the WHO Collaborating Centres for Strepto-
cocci, and should participate in international
collaborative research.
The WHO International Collaborating Centres

work along two main lines. Firstly, they support the
national centres in their programmes, by, for
example, participating in organizing training courses,
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and by providing reference materials to national
centres to assist in the preparation of national
reference materials and the quality control of
reagents and diagnostic products. These WHO
Collaborating Centres should also work out regional
proficiency testing programmes in close collaboration
with the research laboratories and evaluate newly
published diagnostic methods or develop simple
techniques, appropriate for developing countries.
Secondly, the Centres should stimulate research
into streptococcal microbiology and epidemiology
also with particular relevance to developing countries.
These Centres will continue to assist WHO in
planning, organizing, and coordinating international
collaborative studies in various aspects of the
streptococcus problem.

PATHOGENESIS OF RHEUMATIC FEVER:
CURRENT CONCEPTS

At present, the most prevalent concept is one that
can be called the toxic-immunological hypothesis.
This designation is substantiated by the facts that
particular group A streptococcal products have
toxic properties, and that components of group A
streptococcus and ofhost tissues stand in an antigenic
cross-relationship, and by immunological events
preceding the onset of rheumatic fever and occurring
during the precipitation of the attack.
Although certain strains or types of group A

streptococcus may on occasion lack rheumatogenic
potentiality, most strains that cause clinical infection
of the throat appear to have the capacity to produce
this complication.

Important contributions have been made toward a
better understanding of the adverse or toxic effects
provoked by streptococcal products. The activities of
most of the components of streptococcus A explored
so far do not have a specific relation to the develop-
ment of rheumatic fever. These substances, of course,
play a role in acute streptococcal infection. For
example, lipoteichoic acid has a mediating effect in
binding the microorganism to mammalian cell
membranes (118); M protein is a virulence factor,
and is active in aggregating and lysing thrombocytes,
precipitating fibrinogen, and inhibiting the migration
of leucocytes (119); the hyaluronic acid capsule
plays a contributory role in the antiphagocytic
effect of M protein, tc. However, among the
multiple biological activities of streptococcal pepti-
doglycan (113, 120), either alone or combined
with polysaccharide, there are some that seem to

have a possible link to rheumatic fever pathogenesis.
Two effects are worth noting. A chronic multi-
nodular lesion develops in dermal connective tissue
of the rabbit on intradermal injection of the peptido-
glycan-polysaccharide complex and, on intravenous
injection, peptidoglycan displays cardiotoxicity as
manifested by intense myocardial degeneration with
the formation of granulomas. An explanation of
these pathological reactions may lie in the findings
that peptidoglycan has been shown to produce lysis
of thrombocytes and erythrocytes, inhibit the migra-
tion of macrophages and granulocytes, and block
phagocytosis. A number of the biological properties
of peptidoglycan resemble those of endotoxin and
it still remains to be shown whether exposure of the
human macroorganism to endotoxin alters its
response to peptidoglycan, and vice versa, since
animal experiments indicate some degree of bio-
logical relationship. Further study is also required of
the extent to which antibody to peptidoglycan is
involved in toxic reactions, and if there is such
involvement, it would be important to know whether
antibodies to peptidoglycans of other bacteria react
in vivo with streptococcal peptidoglycan, since there
are common determinant groups in the peptido-
glycan molecules of various bacteria.
Among the extracellular products of strepto-

coccus A, several substances have been found to
exert a deleterious or toxic effect on mammalian
cells and tissues. For two of these products, there
is some important evidence indicating their possible
direct involvement in rheumatic fever. Streptolysin S
(SLS), which attacks cell membranes in gen-
eral (81, 121), particularly red blood cells and
platelets, exerts a cytopathic effect on pulsating
heart cells, kidney cells, and lung fibroblasts of the
mouse, and damages mitochondria causing dis-
ruption of electron transport between cytochrome C
and oxygen, thus producing an impairment of
mitochondrial respiration. Although a serum in-
hibition of streptolysin S is present in man (122),
no true antibody develops since SLS lacks anti-
genicity. This has led to the hypothesis that SLS
is a rheumatogenic factor, for the lack of immunity
to it might enable it to elicit or contribute to re-
current attacks of rheumatic fever.

Streptolysin 0 produces a cytolytic effect on
erythrocytes by its firm fixation to their membranes
(123-126). It suppresses phagocytosis of strep-
tococci by mouse peritoneal macrophages (123, 126).
However, its most striking effect is its cardio-
toxicity (127) as has been demonstrated on frog,
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rabbit, rat, and guinea pig hearts. On exposure of
the isolated heart to streptolysin 0, the amplitude
of its rhythmic beat is reduced, and if larger doses
of streptolysin 0 are used cardiac arrest results.
Histological examination of animals injected with
streptolysin 0 reveals myocardial inflammatory
lesions and destruction of muscle cells. Furthermore,
it has been shown that anaphylactic reactions may
accompany the toxic reaction since animals sen-
sitized to streptolysin 0 displayed enhanced re-
sponses to challenge with the toxin (125). The
unwillingness of some investigators to ascribe a
pathogenic role to streptolysin 0 in rheumatic fever
stems from the fact that as a rule considerable
titres of antibody develop in man. However, it has
been suggested that the antibody may play an
essential role in the genesis of rheumatic fever by
combining during the infection with the toxin
produced. According to this theory, its liberation
from the antigen-antibody complex by dissociation
at the end of the latent period exposes the host to
a high dose of toxic material. One possible ex-
planation of why rheumatic fever is never seen after
streptococcal skin infection is that streptolysin 0
is inhibited by cutaneous lipids.
The recognition of an immunological relationship

between group A streptococcus somatic antigen(s)
and some myocardial tissue components has been
a great stimulus to studies of cross-reactive antigens
in A streptococcus and mammalian tissue. Such
antigens have since been identified in the strepto-
coccus cell wall (128) and cytoplasmic membrane
(129) and, in the host, in the myocardium (sar-
colemma of cardiac muscle cells, subsarcolemmal
sarcoplasm) (130-132), in the heart valves (133),
skeletal muscle, thymus (epithelial cells) (134),
human glomerular basement membrane, skin,
neuronal cytoplasm of human caudate and sub-
thalamic nuclei (135), and in human lymphocytes,
as histocompatibility antigens (112). The antigens
in the streptococcus are protein(s) closely associated
with M protein, group A polysaccharide of the cell
wall, a protein and a glycoprotein of the cytoplasmic
membrane (the protein being composed of four
polypeptides and accounting for less than 0.5% of
the dry weight of membrane). The nature of the
corresponding antigens in mammalian tissues is less
well known, except for the glycoproteins of heart
valves and of the glomerular membrane.

These findings make it possible, for example, to
suggest an explanation for the presence of heart-
reactive antibody in rheumatic fever. Cross-reactive

antigens have also been experimentally demonstrated
in mouse trials by a successful induction of tolerance
to myocardial tissue allografts by pretreatment with
cross-reactive streptococcal membrane antigen. In
the light of these findings of an immunological
relationship between the microorganism and the
host, the original concept of autoimmunity reactions
in the pathogenesis of rheumatic fever may need
to be revised.
Immunological patterns in humoral reactions in

rheumatic fever patients have been intensively
studied for many years. Qualitative and quantitative
characteristics of antibody responses have been
determined to some extent in rheumatic fever
patients in contrast to patients with an uncomplicated
acute streptococcal infection. The presence of
multiple antibodies in rheumatic fever patients to
a number of streptococcal products suggests that,
besides the intrinsic toxic action of these substances,
one also has to anticipate possible pathogenetic
mechanisms based on hypersensitivity and antigen-
antibody reactions, as already mentioned above.
Whether or not these reactions could be modified
by the immunosuppressant substance in group A
streptococcus described recently (136), still remains
to be shown.

In recent years, particular attention has been paid
to the cellular immune (137-141) reactions demon-
strated in a number of experiments involving
human or animal cells exposed to various strepto-
coccal products, such as M protein, peptidoglycan,
cytoplasmic membrane antigens, streptolysin 0, and
some others (109, 142, 143). Differences in reactivity
among various groups of individuals have been
encountered. In rheumatic fever patients, it has
been shown clearly that cellular reactivity is in-
creased and that such increased reactivity persists
for several years after the initial attack.
To summarize the available information, it is

obvious that multiple reactions resulting from the
host-parasite interaction take place in a rheumatic
fever attack. All the current hypotheses still require
confirmation and it will not be easy to provide
crucial evidence because of absence of a suitable
animal model.

ENVIRONMENTAL AND HOST FACTORS
IN RELATION TO THE EPIDEMIOLOGY OF GROUP A

STREPTOCOCCAL INFECTIONS AND CARRIERSHIP

Etiological agent and site of infection
In many ways the epidemiology of streptococcal

infections is quite different in throat and in skin
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infections (91). Perhaps the most important dif-
ference is that acute nephritis may follow infection
at either site whereas acute rheumatic fever is
exclusively a complication of infection of the upper
respiratory tract (92). Therefore, this discussion
will focus on streptococcal infection of the upper
respiratory tract.
The most common clinical expression at this site

is a sore throat (pharyngitis or tonsillitis), but some
patients present with scarlet fever, otitis, anterior
cervical adenitis, sinusitis, or peritonsillar abscess.
Infants are likely to present with unusual mani-
festations-rhinitis, excoriated nares, or fever with
generalized adenopathy (" streptococcosis ")- rather
than exudative pharyngitis.
A significant proportion (40-50%) of individuals

with streptococcal respiratory infection show few or
no symptoms, a fact that makes the problem of
case detection much more difficult. These subclinical
infections, which may also result in rheumatic fever
but perhaps at a reduced rate, are impossible to
distinguish from carriers, except retrospectively on
the basis of an immune response or on the basis of
circumstantial (and less reliable) epidemiological
information.
Although groups C and G streptococci can cause

pharyngitis and may provoke an immune response,
only group A streptococcal infections of the upper
respiratory tract result in rheumatic fever. The
attack rate of rheumatic fever after well documented
streptococcal pharyngitis is about 3% under epidemic
conditions (144). Under endemic conditions it
appears to be less (about 0.3%) (145-147) but this
may be due in part to difficulties in differentiating
acute pharyngitis due to active infection with
streptococci from viral pharyngitis in streptococcal
carriers (148). Many if not all M types of strepto-
cocci that commonly produce clinical sore throat
may be associated with the development ofrheumatic
fever (144). An immune response appears to be an
essential prerequisite for the development of this
complication, but in some patients antibody tests
for several different streptococcal antigens may be
required to detect an immune response (149, 150).

Susceptibility
There is not any documented evidence of increased

susceptibility to streptococcal respiratory infections
or their complications in different racial or ethnic
groups. Some reports have suggested an increased
susceptibility in certain families but this needs
further scrutiny. The role of tonsils has long been

a subject of debate and a decreased frequency of
clinically manifested streptococcal infections has
been reported following tonsillectomy in some
studies (151, 152) whereas others have found no
difference in overall infection (subclinical plus
clinical) rates (153). Although one report records
increased frequency of recurrences among rheumatic
fever patients with large tonsils (154), clinical ex-
perience would indicate that streptococcal infections
and rheumatic recurrences may continue to occur
in patients who have their tonsils excised.

Environmental factors
Streptococcal respiratory infections may occur at

any time of the year, but seasonal variations may
be marked, particularly in temperate climates where
streptococcal sore throats are more common in
the winter and spring months, with some reports
indicating an increase in the autumn. No consistent
differences have been related to climatic conditions
such as mean temperature and humidity, or to
altitude. In contrast to earlier beliefs, streptococcal
infections and their complications may be prevalent
at low as well as high altitudes and in tropical or
semi-tropical (humid or dry) climates as well as in
colder regions, though the clinical manifestations of
respiratory infection and of arthritis may be milder
in tropical climates (155).

Poverty or poor socioeconomic conditions are
associated with a high risk of rheumatic fever and
rheumatic heart disease, apparently related to
crowding and an increased frequency of strepto-
coccal infections (156). An increased risk may also
result from transfer of populations from rural
to urban settings where crowding may be more
intense, as often occurs in developing countries
or in urban slum areas of developed countries.

Streptococcal infections occur with greatest
frequency in school-age children, particularly in
the first few years of school. A second period of
increased frequency may result after transfer from
primary to secondary school (148). Introduction
of infection into the family can usually be traced
to a school-age child and may lead to its spread to a
significant proportion of other family members (152).

Spread of streptococcal respiratory infections
almost always results from close contact with an
infected person or carrier (157, 158). Environmental
contamination with group A streptococci does not
increase the risk of streptococcal throat infec-
tion (159), but crowding, i.e., close proximity as
may occur in the family, classroom, barracks, or
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sleeping quarters, appears to be an important factor
in transmission of infection. For example, the risk
of spread in military barracks has been shown to
be related to the distance between beds (157).

Ingestion of food contaminated with group A
streptococci, notably salads containing egg, is
another mechanism of spread (160, 161). Milk-borne
epidemics have also been described but appear to
have been rare in recent years (162).

Carriership

Individuals with an acute throat infection or

individuals who have recently acquired group A
streptococci are most likely to transmit the infection,
whereas chronic carriers (2 weeks) do not often
result in spread of streptococcal infection (157).
Young children are better spreaders than adults (163).
Individuals harbouring streptococci in the nose

during or after the acute throat infection are par-

ticularly dangerous (157,158). Nasal cultures may

be positive for group A streptococci in about
one-third of acute cases. Even without antibiotic
therapy they generally become negative after a few
days except for occasional individuals who develop
chronic streptococcal sinusitis which may be low
grade and not readily detectable. In contrast,
group A streptococci may persist in the throat for
weeks or months in the absence of antibiotic
therapy (158).
The prevalence of streptococcus throat carriers

varies widely depending on the population, season,

and other factors. In adults and in children in the
summer months the prevalence is often as low as

5%. During the school year, it is commonly 20-25%
in school-age children and may be cumulative,
sometimes reaching 50% or more toward the
end of the respiratory disease season (164).

Carriers of group A streptococci are of several
types: transient carriers, convalescent carriers, and
chronic carriers in whom there is no clinical or

serological evidence of preceding infection. Although
carriers may continue to show large numbers of
group A streptococci on throat cultures for weeks
or sometimes months, in general the number of
organisms gradually declines so that they become
detectable only intermittently (" spotty" carriers).
Also with time the proportion of group A strepto-
cocci that have lost their virulence (M protein)
increases (165). In addition, the multiplication rate
of the microorganism is apparently slower during
the carrier state. Since many of the streptococci are

probably not actively producing new cell walls,

they are relatively resistant to penicillin therapy.
This makes it more difficult to eradicate the strep-
tococcus from carriers as compared with individuals
with acute infections. The value of treating carriers
with antibiotics is questionable, especially in the
absence of clinical or epidemiological evidence of
active streptococcal infection in the carrier or his
(her) contacts. Although delayed treatment of acute
infections may still reduce the risk of rheumatic
fever (166), many chronic carriers are beyond the
period of risk of developing complications and are
not likely to spread infections. Group A strepto-
cocci may be found in the throat late in the course
of streptococcal impetigo or pyoderma (167), but
under these circumstances they do not produce
clinical findings of sore throat and do not appear
to contribute to the spread of these infections.
Anal carriers have been implicated in the spread
of streptococcal wound infections but do not seem
to be a common source for spread of streptococcal
respiratory infections.

SURVEILLANCE OF STREPTOCOCCAL
INFECTIONS AND CARRIERSHIP

In recent years, new information has been obtained
on haemolytic streptococcal infections and carrier-
ship in tropical and subtropical countries (168-175,
and Tay Leng, personal communications 1970,
1973, 1975) indicating that carriership in the upper
respiratory tract is often no less frequent there than
in temperate climates, as shown in Table 1. With
the exception of a few prospective studies in the
general population, however, the data on strepto-
coccus related disease have been obtained on
hospitalizated patients. It appears that the role
played by the streptococcus in hot climates is more
important than hitherto estimated. Present evidence
suggests that group A streptococcus and the diseases
caused by it are spread all over the world, though
the incidence and prevalence of rheumatic fever
varies considerably, probably due to environmental,
social, climatic, geographic, and other factors (177-
180, and R. Blowers, personal communication,
1969).
In order to assess the extent of streptococcal

infections and carriership in any one community,
bacteriological and immunological as well as
clinical and epidemiological surveillance may be
established as an integrated programme. Data can
then be obtained on the patterns of spread of groups
of haemolytic streptococci, particularly group A
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Table 1. Percentage carriership of haemolytic streptococci in the throat in tropical and
subtropical areas

Streptococcus group
Country or area l C Population Reference

A c G Al sample
groups

Egypt 5.38 schoolchildren 168

India (New Delhi) 19.7 2.4 8.1 34.5 schoolchildren 169

(south India) 5.2 8.0 12.6 35.0 all age groups 173

(Bombay) 9.0 under 20 years 174

Iran 10.8 18.2 all age groups 4

Israel 6.0-11.0 schoolchildren 176

Singapore 11.0 1.0 6.5 19.0 4-6 years
Tay Leng (personal

21.0 4.7 12.7 39.0 7-14 years communications,
I1970,1973,1975)

4.0-32.0 7-14 years ,1 ,

Uganda 14.0 all age groups R. Blowers (personal
communication,
1969)

Viet Nam 3.6 11.0 7-20 years 175

* Groups infrequently isolated are not mentioned.

streptococcus and of its M types, on carrier rates,
and on the incidence of streptococcal infections of
the upper respiratory tract (both clinical and
subclinical).
The implementation of a surveillance programme

presupposes selection of a suitable study area,
the establishment of a well defined epidemiological
group and the setting up of adequate laboratory
facilities and provisions for clinical cooperation.
It also requires team-work between the epidemi-
ologist, the microbiologist, and the clinician, who
should eventually analyse the results and recommend
the control measures to be introduced.

TREATMENT OF RHEUMATIC FEVER
AND STREPTOCOCCAL INFECTIONS

Management of rheumatic fever
Except for the prevention of recurrences and of

endocarditis, the management of rheumatic fever
remains largely symptomatic and empirical (155,
181, 182). Bed rest is recommended during the
acute stages and is particularly indicated in patients
with carditis. Digitalis is helpful in patients with
heart failure. Patients with arthritis only can usually
be readily managed with aspirin. Many physicians
prefer to use steroids, especially in patients with

carditis, though the evidence that steroids reduce the
frequency of permanent heart damage is conflicting.
A careful analysis of various studies shows that if
one considers only controlled studies, all but one
show no advantage of steroids over salicylates with
respect to residual heart disease, even if used early
in the course of the disease, regardless of dosage
or length of treatment (181).

Patients with Sydenham's chorea -should be put
in a quiet environment with understanding attendants
and with protection against damage to themselves.
Sedatives (phenobarbital) may also be helpful in
these patients.
From a long-term point of view, one of the most

important aspects of the management of patients
with rheumatic fever is the institution of continuous
antimicrobial prophylaxis, which should be begun
as soon as the diagnosis is certain (183, 184).

Treatment of streptococcal infections
Effective treatment of streptococcal infections is

dependent upon (1) recognition of streptococcal
infection (clinical or subclinical) and differentiation
from viral infection and the carrier state, and
(2) treatment with a bactericidal (not bacterio-
static) drug for a long enough time to eradicate the
group A streptococcus (185,186). A 90% reduction
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in the risk of rheumatic sequelae can be expected,
but only if the infecting organism is eliminated and
not just temporarily suppressed.

Penicillin remains the drug of choice for treatment
of streptococcal infections as no group A strep-
tococci have been found that are significantly
resistant to this antibiotic when tested in vitro.
Nevertheless, in a few patients it is difficult and
sometimes impossible to eradicate this organism by
penicillin treatment, for reasons that are not un-
derstood (187). A single intramuscular injection
of benzathine benzylpenicillin G is most effec-
tive (183). Oral penicillin for 10 days is usually
satisfactory, provided that it is not discontinued or
forgotten after the patient begins to feel well. Oral
erythromycin should be prescribed in patients
sensitive to penicillin. It may be necessary to treat
the entire family or at least all members with positive
cultures. Some physicians resort to the use of
penicillinase-resistant penicillins, erythromycin, or
other antibiotics although there is no evidence that
these are superior to a second course of penicillin.
If the group A streptococci persist after two " ad-
equate" courses of antibiotic therapy, further
antibiotic treatment is usually not indicated.

Resistance of group A streptococci to ery-
thromycin is still rare (1% in some series) but has
apparently been increasing (188). Sulfonamides,
though useful for continuous prophylaxis in patients
who had rheumatic fever (see above), should not
be given for treatment of acute streptococcal
infections as they will not eradicate the infecting
organism. Tetracyclines are not recommended as
group A streptococci may be resistant to this class
of antibiotics. The prevalence of tetracycline-
resistant strains has reached 30-40% or higher in
some reports (189). In addition, because of the
damage it may do to developing teeth it is not
recommended for children.

PREVENTION OF RHEUMATIC FEVER

AND RHEUMATIC HEART DISEASE

Prevention of recurrences
Theoretically, the prophylaxis of recurrent attacks

of rheumatic fever should be perfect, since a high-
risk population can be defined and the prophylactic
agents are highly effective and of low toxicity, and
can be given by mouth or as monthly injections.
Yet, many practical problems arise in deciding
which patients should receive prophylaxis, which
regimen should be chosen, and how prophylaxis
should be sustained over a long period.

Patients with rheumatic heart disease and/or a
history of rheumatic fever, as a group, have a higher
risk than the general population of developing
rheumatic fever after a streptococcal respiratory
iftfection (155,181). However, many difficulties may
be encountered in reliably documenting a past
history of a rheumatic attack or in verifying the
presence of heart disease of rheumatic etiology, and
the risk of recurrence may vary greatly depending
on host and environmental factors, such as youth,
short interval (few years) since last attack, presence
of heart disease, low socioeconomic group, crowded
living quarters, and exposure to group A strep-
tococci (183).
Monthly intramuscular injections of benzathine

benzylpenicillin G provide the surest method of
protection against recurrence (183, 184). In some
highly endemic areas, injections are given at 3-week
intervals. Oral penicillin or sulfadiazine are also
effective when taken daily. Erythromycin is rec-
ommended in individuals who are sensitive to
penicillin and sulfadiazine (183). The cooperation
of the patient is essential with both the intramuscular
and oral routes of administration. The noncom-
pliance rates may be much greater with oral medi-
cation, particularly oral prophylaxis, than with
monthly injections. Patients and health workers
need to be educated about the recurrent nature of
rheumatic fever and the importance of maintaining
prophylaxis even though the individual has no
residual symptoms or signs of rheumatic disease.
A programme for monitoring the effectiveness of
prophylaxis, whether parenteral or oral, should be
established. Various kinds of monitoring may be
used-pill counts and/or tests for excretion of
penicillin in the urine, throat cultures and/or serial
streptococcal antibody tests to look for evidence
of new streptococcal infection, and telephone calls
or home visits to delinquent patients. Adolescents
need special attention as they are particularly likely
to become noncompliers.

Patients should be carefully questioned and health
records examined concerning a history of reactions
to the prophylactic agent to be administered.
Reactions to penicillin or sulfadiazine are rarely
observed after the first few weeks of exposure to
these drugs.

Strains of group A streptococci that are resistant to
penicillin have not been encountered. Resistance to
sulfadiazine is uncommon and erythromycin-resist-
ant strains are rare but may be increasing (188).
An indication of a break in prophylaxis may be
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provided by clinical, bacteriological, or serological
evidence of streptococcal infection or even by the
reappearance of rheumatic activity. Breaks are
usually due to failure to maintain prophylaxis
faithfully but some appear to be due to other ill-
defined factors. The risk of breaks may be higher
in individuals belonging to a population with high
rates of streptococcal infections. The effectiveness
of prophylactic regimens that give adequate pro-
tection in developed countries need further evalu-
ation in the kind of high-risk situations that may
exist in developing countries.
Although some risk of recurrence may continue

indefinitely in individuals who have had rheumatic
fever, it declines with age and with the interval since
the last attack, at a rate and to a level that are not
well established. It is not known whether protection
against reinfections by continuous prophylaxis over
a period of years results in a decreased risk of
recurrence. Some physicians elect to discontinue
prophylaxis in adult patients without heart disease
who have not had a recent attack and who live and
work under conditions that make exposure to
streptococcal infections unlikely. The best general
rule appears to be to continue prophylaxis for long
periods of time and certainly well into and perhaps
throughout adult life.
However, protection against infective endocarditis

should be provided to patients with rheumatic heart
disease undergoing dental or surgical procedures(190)
at any age. Antibiotics should be appropriate for
the most common organism causing endocarditis
after various kinds of procedures: dental procedures
(Streptococcus viridans); gastrointestinal and genito-
urinary tract surgery (enterococci); open heart
surgery (coagulase positive and negative staphylo-
cocci). Patients with prosthetic valves are particularly
vulnerable to endocarditis and may benefit from
a combination of several appropriate antibiotics at
the time of dental or surgical procedures.

Prospects of alternative approaches in prevention and
control of rheumatic fever
Currently available approaches to the control of

streptococcal infections require constant vigil and a
sustained effort over many years. They are difficult,
often inefficient, or give imperfect results. This is
particularly the case in programmes attempting to
prevent first attacks of rheumatic fever, often
aimed at the general population, and which depend
upon accurate identification of streptococcal in-
fections from a mass of clinical and subclinical

respiratory infections of multiple etiology against a
background in which carriers are prevalent.
Although it is difficult to imagine an antibiotic

better than penicillin for the management of strepto-
coccal infections, trials of new antibiotics continue.
One that has all the virtues of penicillin and, in
addition, would regularly eradicate group A strepto-
cocci from the upper respiratory tract after a single
oral dose would be ideal.
However, even with the best efforts to use anti-

biotics effectively, complete control by this approach
is not possible because a large proportion of strep-
tococcal infections are subclinical but nevertheless
carry a risk of developing rheumatic fever. For all
of these reasons, approaches other than the use of
antibiotics need to be explored.
The approach that has received the most attention

is the induction of resistance or immunity (185, 191-
193). A few attempts have been made to explore
the possibility of boosting non-type-specific resist-
ance to streptococcal infection. Although some non-
type-specific protection has been demonstrated
in experimental animals injected with peptidoglycan
or ribosomal vaccines, the protection has been brief.
Most recent efforts have been directed toward
vaccines containing M protein(s). The problem is
complex because of the large number of serological
types of streptococci. Since immunity is type-specific,
a vaccine would have to include at least all of the
most currently prevalent M serotypes in a population.
These change from time to time so that a constant
monitoring system would be needed. Moreover, the
introduction of immunization against the most
prevalent types might result in a shift to other types,
from the pressures of selection.

Purified preparations of a few types of M protein
have been used in human vaccine trials (192).
Infants and skin-test negative adults have been
immunized with some evidence of a primary as well
as a recall (booster) antibody response (186). In
further small-scale trials, immunized adult volunteers
have shown partial protection to artificial challenge
with group A streptococci of homologous types (65).
No serious reactions have been encountered, but
it should be noted that immunizations have so far
been limited to infants and to adults with negative
skin reactions to the immunizing vaccine, a re-
striction which, if continued, would exclude the
majority of the population from vaccination.

There is continuing concern about the safety of
streptococcal vaccines, particularly with regard
to the possibility that they may increase susceptibility
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to rheumatic fever. In addition, some difficulties
have been encountered in producing an immunogenic
vaccine for certainM types, some of which are known
to be poorly antigenic, both in man and in ani-
mals (194). Currently, attempts are being made to
develop new methods of extraction and purification
of M proteins and to modify the M protein (e.g.,
by limited pepsin digestion) in order to make it
less toxic but still antigenic (52). Ideally, a vaccine
is needed that is safe enough to be given to skin
test positive individuals and to rheumatic fever
subjects and their families.

It would perhaps be a mistake to pin all hopes for
the future on the development of a vaccine, just
as the early enthusiasm for antibiotics as the ultimate
solution has been tempered by time. A better
understanding of the epidemiology and the epi-
demiological factors in the development of strep-
tococcal infection could provide new approaches
to prevention of these infections. For example,
further knowledge of the mechanism of adherence
of group A streptococci to epithelial cells, a primary
event for the initiation of infection, may provide
clues as to how attachment may be prevented (39).
Studies of the pathogenesis of streptococcal in-
fections and their complications may yield infor-
mation that will permit us to devise more effective
approaches to treatment and prevention, or may
make it possible to pick out, before occurrence of
the first attack, individuals who are naturally
susceptible or who have become susceptible to
rheumatic fever. Such a tool might be useful as a
diagnostic test for rheumatic fever or for rheumatic
fever susceptibility. At the very least, it would
enable physicians to idenfity a small and specific
group of individuals who would benefit from
primary and secondary programmes of antibiotic
prophylaxis.

Control ofrheumatic fever and rheumatic heart disease
in communities
One of the basic problems of health care for

rheumatic fever and rheumatic heart disease patients
is the fact that opportunities for prevention are
often being missed. Strictly speaking, the occurrence
of cases of rheumatic fever should be considered as
a failure of primary prevention, and most cases of
severe rheumatic heart disease a failure of secondary
prevention as well.
Reasons for the failure of prevention may be

related to the nature of the disease itself (subclinical
throat infection or atypical rheumatic fever), to

the patient (being uninformed or noncompliant),
to the physician (misdiagnosis, noninsistence, or
being overworked), or to the health services (un-
availability of services or lack of penicillin). In
practice, usually several reasons are combined.

It has been postulated that most of the above
reasons for the failure of prevention could be
abolished by an organized, systematic approach in
particular communities. Community programmes
for the care of rheumatic fever patients were devel-
oped long before prevention became available (195):
the London scheme for the treatment and super-
vision of juvenile "rheumatism" was reported
in 1937 (196). Its main tools were a register of all
proved cases of rheumatic fever and a file of all the
facilities available to the community for the care
of rheumatic fever patients. A cooperative com-
munity programme for the care of rheumatic heart
disease patients, including a register, diagnostic
and case-finding facilities, and an education pro-
gramme for physicians, nurses, and social workers
in New York State was shown to be successful
35 years ago (195).
With the advent of penicillin, the emphasis of

community programmes has shifted to prevention.
In the USA, community programmes were estab-
lished using inter alia mail-in throat-swab techniques
and computerized registers for monitoring of the
administration of secondary prophylaxis (197). There
is no doubt, however, that solutions requiring a high
level of technological development or highly orga-
nized health care structures cannot be transposed
to developing countries where the need to prevent
rheumatic fever and rheumatic heart disease is
the most acute. Therefore, alternative approaches
are needed.

Certain principles are nevertheless generally
valid for rheumatic fever control programmes.
They have been expressed in a model for rheumatic
fever control, proposed by WHO (198) a as a
protocol for pilot programmes and applied in a
number of centres in developing countries.
The model was devised to cope with those factors

that jeopardize the prevention of rheumatic fever
and rheumatic heart disease. It promotes case-
finding, follow-up (including noncompliers), sec-
ondary and, if possible, primary prevention in a
community, and promotes the functional relation-
ships between primary health services, school
health services, hospitals, and laboratories. The

a See also WHO unpublished documents CVD/RF/75.5
and CVD/76.1.
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programme operates a register as a tool for following
up the identified patients. It is one of the principles
of such a community programme that it should be
based, as far as possible, on existing health services
without requiring special superstructures. It has
been shown that such a programme is viable in an
unsophisticated environment (199, 200).
There are many possibilities for adapting this type

of programme to local possibilities and constraints.
It should, whenever possible, be part of an integrated
health care programme for mothers and children.
Where hospitals are the main or perhaps the only
health institutions, the majority of the work on
secondary prophylaxis will be done most con-
veniently by the hospital, i.e., its outpatient depart-
ment. The programme centre may thus be located
in the hospital itself and rheumatic fever control in
the community may become an activity of the
hospital. If there is any type of health insurance
with health services of its own, the community
control of rheumatic fever may be based on health
services outside the hospital. This may however be
a rare solution. In order to ensure proper long-term
follow-up and prophylaxis, the involvement of
health visitors is essential. Health visitors need not
be medically fully qualified staff. According to
a trial in Iran,a visits by high-school boys to the
houses of nonresponding rheumatic fever patients
can achieve excellent results at a low cost. It is more
important that health visitors have good contact
with the population than a high level of technical
competence. They should, however, have enough
basic knowledge to be able to have an impact on the
persons visited and to carry out appropriate health
education.

School health services should be used whenever
available. Case-finding gives the greatest return if
done in primary schools; the disease occurs in
preschool children as well, though in smaller
numbers and house-to-house screening is difficult
and costly. Intramuscular prophylaxis may also
be carried out at school or at the outpatient clinic
of the local hospital. Education of the medical
practitioners and other health workers and of the
public is an important part of any programme for
the control of rheumatic fever. This can be achieved
by various means, ranging from letters to the
practitioners to television spots for the general
public.
There are many constraints in carrying out a

a See also WHO unpublished document CVD/76.1.

community control programme: competing pri-
orities, scarcity of trained personnel, unavailability
of penicillin and, above all, lack of funds. Such a
programme is difficult to operate if the population
is largely scattered. Very large cities present dif-
ficulties because of their size. Inaccessibility of
laboratory services may also be a major handicap.
The above considerations are based on the premise

that prevention ofrheumatic fever and its recurrences
is achieved by systematic prophylactic use of
penicillin. However, the approaches to the pre-
vention of rheumatic fever would undergo radical
revision if immunization or other approaches to
control of group A streptococcal infection became
a reality.

Strategies for nationwide control of rheumatic fever
and rheumatic heart disease and the role of WHO
Nationwide versus pilot programmes. In any

country, nationwide prevention is the ultimate
goal of rheumatic fever and rheumatic heart disease
control, and the strategies for attaining this goal
have to be defined. This is of particular interest
to developing countries where the problem is acute,
requiring planned efforts for its solution. It has been
assumed that pilot programmes, as described above,
if viable and successful in defined communities of
limited size, will proliferate and expand to con-
tiguous areas and gradually reach nationwide
dimensions. Valuable information and experience
has been accumulated through such pilot or model
programmes in a number of centres a, but within
the (relatively short) period since their establishment
these programmes, with a few exceptions, have not
grown and do not seem to have exerted a significant
nationwide impact, except in countries of limited
size, such as Barbados, Cyprus, and Singapore.
The time lag between a pioneer action and the
wider implementation of its principles is often
too long. Demonstration projects, if carried out
(as often happens) in a partly artificial situation
that does not correspond to the general situation
in the country in terms of availability of resources,
services, and supervision may not be repeatable
on a national scale because of a less favourable
overall situation and lack of communication, or
even active resistance. Strategies for active extension
of rheumatic fever control to nationwide dimensions
thus have to be developed and applied.

a Some preliminary results are given in WHO unpublished
document CVD/76.1.
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Alternative approaches to the development of
nationwide control programmes. Various approaches
have been taken in different developed countries
in the past to achieve nationwide control programmes,
depending mainly on their social and health care
systems. Thus there is the example of disseminated
individual community programmes in the USA,
stimulated by professional bodies such as the
American Heart Association and the Intersociety
Commission for Heart Disease Resources. In socialist
countries such as the USSR and Bulgaria, a net-
work of cardio-rheumatological dispensaries was
established by the health authorities with (in
Bulgaria) a central national register of rheumatic
fever patients. In the Socialist Republic of Serbia
(Yugoslavia), stimulated by a central Institute
of Rheumatology, a network of provincial and local
medical committees for rheumatic fever control
were established covering the whole country on
a voluntary basis and carrying out prophylaxis
and case finding. No overall recipe exists; general
principles have to be adapted to local situations
and, as mentioned above, solutions that are effective
in developed countries may be totally unsuitable
in a developing country.

General strategy. The general strategy for
establishing a nationwide control programme
may be described as follows. As a first step,
motivated persons have to be identified and leader-
ship stimulated. Often, motivation and leadership
may not be combined, since scientific interest
may not go in hand with the power to establish
an operational programme. Therefore the policy
makers, i.e., the national health authorities have to
be addressed in parallel, informed on the problem,
and presented with an analysis of the situation and
a blueprint for action.

Certain points of reference are needed, however,
even for a first blueprint of a nationwide control
programme. The analysis of the situation must
include an estimate of rheumatic heart disease pre-
valence and mortality (based on nationwide figures,
special surveys, or the opinion of specialists knowl-
edgeable on the subject), hospital admissions,
effective health care costs (including surgery, if any,
for advanced cases of rheumatic heart disease),
estimated programme cost, and estimated benefits
from the programme. The cost to the society in
terms of working days and school days lost, and
of eventual disability expenditure should also be
estimated. Some of these points may be derived

from existing information, but it may well be that
they will have to be obtained through a special study.
An assessment is also required of whether both

primary and secondary prevention of rheumatic
fever are amenable to action.
The development of a nationwide rheumatic

fever control programme is best undertaken in
the context of a national health plan, a country health
programme, or during the formulation of a national
project for primary health care or maternal and
child health services/school health services.
Methods for the planning of health projects have

been developed by WHO in collaboration with
member countries (201). The strategy should be
integrated into the general health care system,
and the activities at each level of care described
and quantified. Special attention should be given
to the feasibility of primary and secondary preven-
tion, both as to cost and to practical application. Such
educational activities are long-range undertakings
but their value in areas of high incidence of rheu-
matic fever or high prevalence of rheumatic heart
disease may be very significant.

Prevention of recurrences. The prevention of
rheumatic fever recurrences, i.e., secondary preven-
tion, involves health care intervention with a more
direct effect. This should be started by a community
control project, as described on pages 902-903,
in order to assess its feasibility and to gain experience
on the locally most appropriate approaches.
However, such pilot projects must not be isolated
undertakings. On the one hand, they have to be
integrated with the health care structure of the
community from the very beginning, avoiding the
situation where unrelated projects on various
health activities coexist in a community. On the
other hand, a pilot (feasibility) project has to be the
initial part of an overall programme with phased
implementation, followed by subsequent stages of
expansion until nationwide dimensions are reached.

Primary prevention is mainly a matter of health
education of the public, and of providing services
for early diagnosis and treatment ofupper respiratory
infections on a nationwide scale. A nationwide
programme for secondary prevention must consist
of a network of community based services carrying
out detection, registration, and active follow up,
with regular and continuous prophylaxis. The
effectiveness of the programme must be evaluated
at regular intervals. A single, central registry is
realistic only in a population of limited size.
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Before starting a community programme, possible
obstacles should be identified. Population mobility
might, for example, be a serious obstacle to the
programme and the programme may become very
difficult if many people do not have a permanent
address. A certain level of health services has to
exist, and the possibility of reaching the population
is the basic requirement of any such project. An
acceptable level of school attendance, on the other
hand, is a favourable factor.

In practical terms, one should start with registra-
tion and follow-up of rheumatic fever and rheu-
matic heart disease patients dismissed from
hospitals. The next plausible step is the coverage
of elementary school and high school populations,
followed by army recruits, university students,
civil servants and their families, employees of big
enterprises, and other accessible and " captive "
populations. At the earliest stage, maternal and
child health services should include rheumatic
fever control in their routine activities. " Coverage "

includes detection of valvular heart disease (by
systematic screening, if needed), establishment
of reliable diagnosis, and systematic and long-term
penicillin prophylaxis of rheumatic fever recurrences,
as outlined. The establishment of a reliable diagnosis
is needed in order to compensate for the frequent
overdiagnosis of functional murmurs as rheumatic
heart disease.

The role of WHO. Rheumatic fever is not a disease
that stirs worldwide interest; it does not cross
frontiers like smallpox, cholera, malaria, or sexually
transmitted diseases. The control of rheumatic
fever depends on national commitment, based on
both humanitarian and socioeconomic considera-
tions to prevent unnecessary crippling disease
among children and adults, and to reduce health
care expenditure from repeated hospitalizations
and costly heart surgery, as well as the social
cost due to invalidity. The role and commitment
of WHO is to catalyse national action in developing
nationwide control programmes by the diffusion
and exchange of information, by direct collaboration

with national health authorities, and by sponsoring
basic and operational research.

In the past, WHO has provided guidelines and
recommendations for the practice of prevention
(24, 202), offered reference laboratory services
(198, 203), and set up, in all WHO Regions, pilot
and feasibility community control programmes
(198).a In order to promote the further spread of
rheumatic fever control, WHO's role is to arouse
more interest among national health policy makers
and planners, in the health professions of various
countries, and in the populations themselves. Health-
care research on rheumatic fever prevention in
developing countries may be considered by the WHO
Regional Advisory Committees on Medical Research.
More studies of the applicability of rheumatic
fever control in local contexts are required and
guidelines for the prevention and treatment of
rheumatic fever in the context of primary health
care should be further developed. Exchange of
experience between health workers from various
countries should be promoted.

*
* *

A. El Kholy, Director, Biomedical Research
Center for Infectious Diseases, Cairo, Egypt

J. Rotta, Director, WHO Collaborating Centre
for Reference and Research on Streptococci,
Prague, Czechoslovakia

L. W. Wannamaker, Professor of Pediatrics and
of Microbiology, University of Minnesota, Min-
neapolis, MN, USA

T. Strasser, Cardiovascular Diseases, World Health
Organization, Geneva, Switzerland

B. Bytchenko, Bacterial and Venereal Infections,
World Health Organization, Geneva, Switzerland

W. Ferreira, Chief, Health Laboratory Technology,
World Health Organization, Geneva, Switzerland

L. Houang, Health Laboratory Technology, World
Health Organization, Geneva, Switzerland

E. Liisberg, Division of Family Health, World
Health Organization, Geneva, Switzerland

a See also WHO unpublished documents CVD/RF/75.5
and CVD/76.1.
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