HA2MOLYTIC STREPTOCOCCAL INFECTIONS
AND ACUTE RHEUMATISM*
By C. A. GREEN
NoTE.-This paper summmarises the contents of a thesis presented for
the M.D. degree to Edinburgh University. The thesis served the dual
purpose of reporting in detail the work carried out during three years'
tenure of the Sir Halley Stewart-Frederick Pearson Research Fellowship
of the Empire Rheumatism Council, and of indicating the interrelationship
of the various problems which have been studied.

GENERAL INTRODUCTION
now
rivals tuberculosis as the infective disease
RHEUMATISM
which most seriously impairs the economic efficiency of Great
Britain. The extent of the problem may be gathered from such
facts as that the London County Council alone expends almost
£250,000 annually on the prevention and treatment of juvenile
rheumatism. Whereas vigorous counter-measures have produced
a steady decline in the incidence of tuberculosis, it is unlikely
that a parallel reduction in rheumatism has occurred. It is a
regrettable omission in public health administration that acute
rheumatic fever is rarely notifiable. The approximate incidence
can only be deduced from returns issued by sections of the community. These indicate that the severity of the disease, particularly in regard to the appearance of cardiac complications,
has increased in certain sections of the community from whom
statistical returns are available.
Surveying the end results in a series of 300 cases of juvenile
rheumatism, Wallace (1937) recorded that 25 per cent. of all
rheumatic children died from heart disease before they reached
school-leaving age, and a further 30 per cent. were crippled for
life. This did not appear to be a local excess, for in the London
area 20 per cent. of rheumatic children were fit only for light
employment when they left school. Davidson and Duthie
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THE RHEUMATIC DISEASES
within the term of five years, it has secured a close Anglo-American
alliance in the War on Rheumatism. That, as our President notes,
is of supreme value. There is no humane scientific task beyond
the range of our joint accomplishment; and we shall be reinforced
in due course by the efforts of Russia, of China, and of the liberated
peoples of Europe.
4

PART I.-EPIDEMIC SCARLATINA
Although the great advance in the treatment and prophylaxis
of haemolytic streptococcal infections which followed the introduction of the sulphanilamide group by Domagk (1935) was
probably the most outstanding achievement in the experimental
field, less spectacular but equally important studies have been
made in other directions. Thus the serological work of Griffith
made possible extensive epidemiological studies which were
previously impracticable. Griffith (1934) noted the predominance
of types 1, 2, 3 and 4 of Streptococcus pyogenes in scarlatina, a
distribution confirmed by Neisser (1939) for strains isolated in
the London area and by Kodama et al. (1939) for strains isolated
in Tokyo. Part 1 of this thesis (Green, 1937) showed that this
distribution did not apply to the 1933 epidemic of acute scarlatina
in Edinburgh in which eight serological types were recognised.
Of the 1,581 cases examined, 47-8 per cent. were due to type 5
cases, whereas Griffith's types 1, 2, 3 and 4 constituted 29-3 per
cent. of the total. In March, two months before the onset of
the epidemic, there was already a marked preponderance of type 5
cases in those admitted to hospital. During that month type 5
cases comprised 43*24 per cent. of the total, the next largest
group being type 3, with 22-97 per cent. During April the
proportion of type 5 cases remained approximately the same.
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(1938) have shown that, of the total population of 5,000,000
in Scotland, 50,000 insured persons were wholly incapacitated
each year for an average of sixty days. They estimate that
there must be approximately 335,000 new cases of rheumatism
each year in Scotland, of which 26,000 were cases of acute or
subacute rheumatic fever. This condition produces its maximum
effect in childhood and adolescence. Thus Hedley (1940) has
recorded that 63 per cent. of cases admitted to hospitals in
Philadelphia from 1930 to 1934 were under fourteen years. If
these facts were capable of general application then it may be
deduced that in Scotland alone there are approximately 3,000
deaths per annum in children as a result of acute rheumatism,
and the same number leave school as cardiac cripples. Should
acute rheumatism finally prove to be yet another manifestation
of hawmolytic streptococcal infection, then the group of diseases
due to this organism will undoubtedly constitute the greatest of
all future problems in preventive medicine.
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In May with the rise of the epidemic the proportion of type 5
cases mounted to 58-3 per cent., and in June had reached 78*5
per cent. From this peak period the proportion of type 5 cases
fell during the next three months to 42x3 per cent., but in the
same three months the absolute number of type 5 cases remained
approximately the same. This fall in the proportion of type 5
cases was largely compensated for by a rise in the number of type 3
strains. The outbreak was therefore associated with an overwhelming predominance of a single type, but was maintained by a
succession of rises in the incidence of all the types present at the
outset rather than a continued multiplication of the original
dominant type. No evidence was obtained regarding the
particular function or property of the organism upon which this
rise in the case incidence depended. An investigation of the
toxin production of strains isolated at different periods of the
epidemic (Green, 1935) showed that there was no significant
variation among the strains studied. Hwmolytic streptococci
were isolated from the throat in 36-8 per cent. of patients on
discharge from hospital, but in only 5.4 per cent. was a large
number of organisms detected. In the majority of cases the type
isolated on discharge was the same as the admission strain.
This would appear to indicate that the scarlatinal strains exhibit
serological stability to a considerable degree. In a certain
number of discharged patients an additional strain was recovered
which failed to agglutinate with specific sera against any type.
Continued growth of the original infecting strains in the secretions
of persons undergoing active immunisation against those strains
was thought to be a possible explanation for this inagglutinable
type of organism. An attempt to restore the original type
characteristics by raising the virulence by animal passage was
unsuccessful. This observation has since been confirmed by
Neisser (1939), who reported that strains from convalescents tended
to be less easily agglutinated and frequently seemed to have lost
the type-specific agglutinogens. There was a tendency for type 5
and type 3 strains to be found with relative frequency in the
discharge examination of convalescent cases from whom some
other type had been isolated in the acute stage. This may have
been due to an increased capacity of these particular strains to
spread from patient to patient, but a more likely explanation
is to be found in the fact that these strains were in much greater
concentration in the wards from the acute stage onwards.
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Reviewing the age groups in which cases occurred, there was
a remarkable lack of differentiation as between the non-epidemic
years 1931, 1932 and 1934 and the epidemic year 1933. A low
incidence at all ages up to five years was followed by a very
sharp rise in the curve till the peak was reached between five and
ten. Thereafter the decline in incidence with increase in age
was rapid but regular, there being a small rise between twenty
and twenty-five due to cases in young mothers of children returning from hospital. During those years there was a very
marked difference in the actual number of cases, there being a
total of 564 in 1931 and 3,461 in 1933-a sixfold increase. During
the epidemic year of 1933, all age groups were equally affected
by the outbreak since the increase in the number of cases was
proportionate in all age groups, the characteristic maximum agegroup incidence between the ages of five and nine years being
maintained. As far as the exposed population was concerned,
there appeared to be two possible explanations for this proportionate increase in case incidence. Firstly, the causal factors
of the epidemic were universally at work in all age groups, or,
alternatively, an increase in the cases at some particular age
group was attended by a secondary rise in all other age groups.
The increase was simultaneous, pointing to the existence of some
universal contributory factor. The results obtained point to the
general conclusion that the origin of this epidemic was associated
with some still undiscovered property of the infecting organism
rather than with any exceptional variation in the affected
community.
At the suggestion of the author, the investigations were
continued in Edinburgh by de Waal (1940, 1941). In a less
extensive outbreak of scarlatina in the autumn of 1937, the
majority of cases were found to be due to type 1, while type 4
was predominant in a mild epidemic of scarlatina in 1938. The
complete absence of type 5 cases in those two years was in
marked contrast to the incidence in the heavy epidemic of 1933,
although the wave-like action of various types in maintaining the
epidemic was noted. The effect of such waves must be the
production of a state of flux in the general immunity of the
population, for the predominance of certain types is not confined
to clinical cases but extends to healthy subjects in the area, as
shown by Kodama (1939). An instance of the probable sequence
was afforded by the observation of Keogh (1939) that an epidemic
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of type 2 infection in a ward of 59 children produced 16 cases
of scarlatina, while 23 contracted type 2 infection without rash.
Evidence was obtained that a number of children who failed to
develop a rash owed their resistance to a previous type 6 infection
which did not produce rashes.

PART II.-H&MOLYTIC STREPTOCOCCI iN ACUTE RHEUMATIC
AND CONTROL GROIUPS
the frequency with which tonsillitis
regarding
Clinical data
occurred in rheumatic subjects were supplied by the work of
St. Lawrence (1920), Ingerman and Wilson (1924), Poynton (1925),
Bertram (1925), and McCulloch and Irvine-Jones (1929). In
these investigations the incidence of throat infections was found
to vary from 22-4 per cent. to 77 per cent. Additional proof of
the prevalence of repeated infection was found in the condition
of the fauces. Thus the St. Thomas's Hospital, data in the
Medical Research Council 1927 report on rheumatism showed
that the proportion of healthy throats in children of non-rheumatic
families was greater than that in rheumatic families. In a similar
controlled investigation Lambert (1920) found that in 1,000 consecutive cases of rheumatism the proportion of unhealthy throats
was 25*3 per cent., as compared with 16 per cent. in 250 cases of
acute pneumonia. Active infection as indicated by inflammation
of the throat was present in 22*4 per cent. and 0 per cent. of
rheumatic and control groups respectively. Perhaps a more
striking demonstration of the connexion between the two conditions is supplied by the occurrence of outbreaks of rheumatism,
mainly of rec'urrent attacks but sometimes primary, after epidemic
tonsillitis. Many examples of this sequence are described in the
literature by Raven (1923), Boas and Schwartz (1926), Hiller and
Graef (1927-8), Glover (1930), Schlesinger (1930), Glover and
Griffith (1931), Collis (1931), Sheldon (1931), Bradley (1932), and
Coburn and Pauli (1935b).
While there is thus considerable evidence for the occurrence
of tonsillitis in rheumatism, the bacteriological examination of
the throat flora in such cases has yielded divergent results.
Although the streptococcal genus has attracted most attention,
many species within the genus have been incriminated by different
observers. Within recent years, beta haemolytic strains have
gained increasing recognition in the reports of Glover (1930),
Coburn (1931), Glover and Griffith (1931), Collis (1931), and
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Bradley (1932). Similar investigations, such as that described
by Schlesinger (1930), have led to the view that no single type
of organism could be recognised as responsible for all infections,
but that many species were involved. It may be noted that, in
the majority of investigations in which beta hsemolytic streptococci have appeared important, the type of nasopharyngeal
infection has been of the epidemic variety in enclosed populations
such as those of schools, hospitals and training quarters. It is
commonly recognised that haemolytic streptococci from human
sources differ greatly in pathogenicity as determined by virulence
tests in experimental animals; but the method is not suitable
for extensive investigations, nor does the pathogenicity in man
and animals always concur. Lancefield (1933), by means of a
precipitin test, claimed that haemolytic streptococci could be
divided into groups, each of which possessed a common groupspecific carbohydrate fraction (M). Furthermore, group A represented the important pathogens in the human nasopharynx,
but not all commensal strains in this site belonged to group A.
Hare (1935), for instance, examining the nose and throat of normal
human beings, noted that only about one-third of haemolytic
streptococci isolated were group A, the carrier rate of this type
in a normal population being estimated to be approximately
7 per cent. The relatively low proportion of commensal group A
strains in normal persons has been confirmed by Davis and
Guzdar (1936), who recorded a carrier rate of 3 per cent. Again,
Plummer (1935) classified all but two of 418 strains from human
infection in group A, but found that many strains from healthy
subjects were not of this group. However, a much higher proportion of carriers has been recorded by Kodama (1937), who found
that 68 per cent. of fifty normal subjects were in this category.
Clearly this method of examination was applicable in an
investigation (Green, 1938a) into the part played by haemolytic
streptococcal infection of the nasopharynx in rheumatic subjects.
Two groups of subjects were examined, each numbering 200 and
constituted as follows:
Group R.-Patients admitted to hospital with one or more
symptoms of acute rheumatism, including arthritis, carditis,
chorea, etc. This group included subjects with both initial and
recurring attacks which were of sporadic distribution.
Group NR.-Patients in the same hospital wards as members
of group R, but without existing or previous manifestations of
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rheumatism. This group included all types of diseases and no
discrimination was made as to the presence or absence of nasopharyngeal infection. In 156, or 78 per cent., of the rheumatic
group R a history of infection within the preceding six weeks
was obtained. On admission to hospital with rheumatic manifestations the throat symptoms had entirely subsided in the
majority of cases, although enlarged tonsils were often found.
Turning to the control group NR, a high figure of recent infection
was also found-namely, in 93, or 46 per cent.
From the throat swabs taken on admission from group R,
hwmolytic streptococci were isolated in 116, or 58 per cent. of
patients. In the case of the control group NR, 59, or 30 per
cent., were found to be carriers. Considering the results in
respect of recent throat infection, 59, or 60 per cent., of the 156
rheumatic patients with a positive history gave positive cultures
of ha3molytic streptococci, whereas 21, or 47 per cent., of the
remaining 44 with a negative history yielded positive cultures.
In the control group NR the haemolytic streptococcal carrier
rates in those patients with and without known recent infection were 28 and 30 per cent. respectively.
The most important of the data secured by the application
of the precipitin test was the high proportion of group A strains
isolated from group R patients as compared with group NR.
Whereas the difference in incidence of haemolytic streptococci
-namely, 58 per cent. and 30 per cent. respectively-in these
two groups was notable, the difference in the incidence of group A
infection was even more significant, the respective incidences
being 50 5 and 12*5 per cent. Further, it was found that although
the majority of persons in the control group with a history of
recent infection were group A carriers, only 7 of 33 persons
without recent symptoms were carriers. On the other hand,
rheumatic subjects irrespective of subjective symptoms of infection yielded group A strains in the majority of instances where
haemolytic streptococci were isolated.
The number of subjects in each of the two groups examined
was large enough to enable reasonable comparison to be made.
A high incidence of sore throats in the rheumatic group-namely,
78 per cent.-was not unique, but approximated to that found by
St. Lawrence (1920) and Ingerman and Wilson (1924). In an
unselected control group it was surprising to find the incidence
of recent sore throats to be as high as 46 per cent., but for purposes
10

PART III.--SENSITIVnTY OF RHEUMATIC SUBJECTS TO
STREPTOCOCCAL PRODUCTS
It is commonly recognised that the percentage of Dickpositive reactors among rheumatic subjects differs little from that
in the general population. The condition does not appear to be
related to lack of antibody to the erythrogenic toxin, but does not
exclude the possibility that other exotoxins play some part,
although they remain unrecognised.
On the other hand, there has accumulated considerable
evidence to suggest that part of the rheumatic syndrome may be
an expression of the allergic or hypersensitive state. The work
of Swift, Derick and Hitchcock (1928) led to the conclusion that
the hypersensitivity of the individual was more important than
the specificity of the infecting organism. In this way the
divergent findings of investigators as to the causative organism
could be reconciled. Birkhaug (1929) found that a common
allergenic factor was present to a relatively great extent in
viridans and indifferent streptococci, and to a less extent in
hawmolytic streptococci. Irvine-Jones (1928) also reported on
the non-specific nature of the allergic reaction to streptococcus
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of comparison in regard to the bacteriological investigations this
was a fortunate occurrence. As haemolytic streptococci were recovered from 58 per cent. of all rheumatic subjects on admission
to hospital, an indication was obtained of the extent to which
this type of organism was responsible for the preceding throat
infection noted in many of the series examined. It is recognised
that faucial infections with this organism, as in scarlet fever,
are followed by the carrier condition for indefinite periods, and
it was reasonable to assume the same sequence in the present
investigation. Of rheumatic patients with subjective symptoms
of preceding infection, 60 per cent. yielded haemolytic streptococci,
whereas in the symptomless the carrier rate of 44 per cent. was
still high. On the other hand, in the control group, despite the
prevalence of apparent recent infection, only 30 per cent. yielded
haemolytic streptococci, and approximately the same proportion
of carriers was found in those with and without recent history.
This would suggest either that in the control group many of
the throat infections were due to organisms other than hawmolytic
streptococci, or that the carrier condition after faucial infection
was less persistent than in rheumatic subjects.
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extracts. Coburn (1931) has been able, however, to utilise this
method in associating rheumatism particularly with nasopharyngeal infection due to haemolytic streptococci. Collis (1931)
has corroborated this work, but Gibson, Thomson and Stewart
(1933) concluded that, although positive reactors to haemolytic
streptococcal endotoxin were more common in rheumatic than
in control cases, skin sensitivity could not be regarded as an
indication of a special reactivity necessary for the production of
acute rheumatic infection. On the assumption that hypersensitivity was an important factor in the production of the
rheumatic state, treatment by desensitisation has been attempted.
Coflis and Sheldon (1932) employed intravenous vaccination with
haemolytic streptococci with moderately successful results.
Treatment had to be stopped in the presence of focal infection
of the throat with haemolytic streptococci.
Many of the patients examined in the previous investigation
were tested for hypersensitivity to various streptococcal products
(Green, 1938b). At the outset an attempt was made to test with
preparations from autogenous strains of streptococci isolated
from throat swabs of acute cases of rheumatism on admission to
hospital. Only those subjects were selected from whom hawmolytic, viridans and indifferent streptococci were all isolated. The
preparations were the purified Dick toxin and endotoxins of the
haemolytic (H.S.E.), viridan8 (V.S.E.) and indifferent (I.S.E.)
streptococci. In all, 32 cases of acute rheumatism were tested
within ten days of admission to hospital. Of the 32 cases, 7 gave
positive reactions to Dick toxin. On the other hand, 27 patients
reacted positively to H.S.E. Although 14 persons reacted to
V.S.E., 11 of these were also sensitive to H.S.E. and only 3
reacted to V.S.E. alone. Similarly 11 of the 13 subjects reacting to I.S.E. also reacted to H.S.E. Further, in those patients
who reacted to all three endotoxin fractions, the reaction to
H.S.E. was almost invariably the greatest.
While the susceptibility to erythrogenic exotoxin was no more
than was expected in an average population, and agreed with the
accepted findings in regard to Dick reactions in rheumatism, the
frequency of reactions to H.S.E. indicated that particular attention
should be paid to this in an extended series of cases. The use of
autogenous products had proved exceedingly laborious and was
impracticable for a large group. Accordingly, standardised
mixtures were prepared and used for intradermal tests on two

two groups as a positive reaction was present in 71-4 per cent. of
group R as compared with 23-3 per cent. in group NR. Further,
the percentage of positives in patients in the acute stage of illness
was higher than in the subacute phase, except in the small group
of choreicq, where only half were positive.
In view of these findings it appeared to be rational to attempt
to desensitise rheumatic patients. Serial subcutaneous injections
of H.S.E. were given and in the majority of cases provoked no
response other than slight local discomfort. In a few individuals
certain suggestive phenomena were encountered. The larger
doses of H.S.E. induced a local reaction which closely resembled
the lesion of erythema nodosum. The site of inoculation became
swollen, tender and even brawny in appearance. No ulceration
followed and the visible reaction, starting six to eight hours after
inoculation, reached its maximum in twenty-four hours and
subsided within forty-eight to seventy-two hours. In no instance
did such lesions appear elsewhere than at the site of inoculation.
In five other patients generalised reactions were produced in
which rise of temperature, tachyeardia and a return of flitting
joint pains were temporarily present. The reaction passed off
in twenty-four to forty-eight hours, but the patient was still
sensitive and reacted in a similar manner to further injections.
The general results corroborated the findings of other workers
that rheumatic subjects are, as a rule, more frequently sensitive to streptococcal endotoxin than non-rheumatic controls.
Although sensitivity was not specific for any one kind of streptococcus, it was demonstrated with greatest regularity by the use
of the hsemolytic streptococcal variety. The antigenic constitution of the nucleo-protein is at present unknown, and it
may contain one or more fractions. It is therefore impossible
to state whether the frequency of reactions to H.S.E. is due to a
greater content of an antigen common to all three kinds of
streptococcus or to some peculiar specific fraction present in
addition to the common antigen. As each of the small group
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large groups of patients, as described in the previous investigation.
In group R were included all cases with acute and subacute
rheumatism, while group NR was composed of non-rheumatic
patients and included all types of diseases. There was again no
significant difference in the percentage of positive reactors to
exotoxin in the two groups-namely, 24-8 and 29-4. The
response to endotoxin revealed a definite difference between the
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of cases in which this point was investigated had yielded streptococci of all three kinds on throat swab culture, the increased
sensitivity to endotoxin of Str. hImolytie8s was not simply
associated with the presence of this organism in the throat to
the exclusion of other species. On the other hand, cases of
acute rheumatism were encountered in which no sensitivity to
H.S.E. was demonstrable by intradermal tests. The use of
autogenous endotoxin in the smaller series had produced 27 or
84-4 per cent. of positive reactions, whereas the mixed product
in the extended series of 105 cases induced 71-4 per cent. Possibly
an even higher figure would have resulted from the autogenous
endotoxin had it been possible to use it throughout. The
occurrence of negative reactors was to some extent corroborative
of the conclusion reached by Gibson, Thomson and Stewart (1933)
that skin sensitivity could not be regarded as an indication of
a special reactivity necessary for the production of rheumatic
infection, but it did not detract from the possibility that part of
the rheumatic syndrome is due to hypersensitivity. As an
analogy, cases of tuberculosis, in both the human and bovine
species, may occasionally fail to react to tuberculin despite the
recognised part played by allergy in this condition.
A more striking demonstration of the sensitisation of rheumatic
subjects to hamolytic streptococcal products was afforded by the
occasional untoward results attending the attempted desensitisation by subcutaneous injection of H.S.E. Localised reactions
resembling erythema nodosum and generalised reactions, indistinguishable from naturally occurring relapses but for their
transient nature, were thus induced. Although this cannot be
regarded as a specific attribute of H.S.E., as similar reactions
have been produced by the intravenous injection of vaccines of
Str. viridans (Swift, Hitchcock and Derick, 1927-28), the delayed
type of reaction was distinct from the immediate or rapid response
of non-protein shock therapy. The fact that such reactions
occurred indicates the need for extreme care in the use of vaccines
or bacterial extracts in such patients.
PART IV.-OBSERVATIONS ON THE ANTISTREPTOLYSIN O TITRE
i RELATION TO THE MECEHAISM OF ACUTE RHE1uMATC FEVER
The antigenic nature of the hsemolytic filtrates of strepto-

coccal cultures in serum-free broth was described by Todd (1932a),
who later (1934) demonstrated the group specificity of the products
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sera to be in the zone of 3-100 units, and demonstrated a rise in
titre of varying degree after known streptococcal infections such
as scarlatina, erysipelas, etc. Coburn and Pauli (1935a) supported
these observations by reporting that student nurses before
exposure to haemolytic streptococcal infection had A.S.O. titres
of from 33 to 100 units, the mean for the group being 83. In
nurses who contracted infection, the titres were later found to
range from 117 to 333 units, the mean being 200, while in nurses
who escaped infection they remained at the original low level.
In a later communication the same authors (1935d) noted that
the mean of the A.S.O. titres of 176 individuals in good health
was 71 units.
On the basis of these and similar results, the titration of A.S.O.
has been applied to the study of streptococcal infection in acute
rheumatism. Todd (1932a) reported a rise in titre during the
active stage of rheumatic fever, but considered that this was
dependent on the frequent antecedent infection of the throat by
heemolytic streptococci and not necessarily on the intensity of
the rheumatic process. Coburn and Pauli (1932) observed a
precipitous rise in titre which immediately preceded the appearance of rheumatic manifestations and concluded that the
rheumatic attack had been initiated by haemolytic streptococcal infection. Studying the results of a wave of infection
in a group of rheumatic children, all in the quiescent phase
with carditis, Coburn and Pauli (1935 b and c) recorded that 14
out of 16 individuals infected with the epidemic strain developed acute rheumatism, the onset of symptoms being
accompanied by a coincident rise in A.S.O. titre. Seven children
2
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and detailed the titration of a neutralising antibody to be
distinguished in further work as antistreptolysin 0. Todd (1938
a and b, 1939) found that group A Lancefield (1933) haemolytic
streptococci produce two serologically distinct varieties of
haemolysin, one designated streptolysin 0 on account of oxygen
sensitivity and the other streptolysin S in virtue of extractability in serum. The response in animals to experimental
infection with whole cultures of group A haemolytic streptococci
was a rise in titre of the neutralising antibodies, antistreptolysin 0
(A.S.O.) and antistreptolysin S (A.S.S.). This later work has
not rendered less important the application of antistreptolysin 0
titration in the detection of haemolytic streptococcal infection.
Todd (1932b) first reported the A.S.O. titres of normal human
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who escaped infection also failed to develop acute symptoms
and showed no rise in titre. The titres of two patients infected with the epidemic strain remained unaltered, and they also
escaped acute symptoms. The median titre developed in acute
rheumatism was 500 units and the geometric mean 490.
In comparing the A.S.O. response in different clinical groups
of small size, Coburn (1936) found that in scarlatina the maximum
titre was reached in seventeen days and in non-rheumatic pharyngitis within ten days, the titres thereafter declining rapidly in
both groups. In all rheumatic children who contracted streptococcal pharyngitis followed by rheumatic recrudescence there was
an increase in titre. In mild cases this reached its highest limit
within nineteen days, but in severe cases the maximum titres
were not reached until much later-thirty-four, thirty-six and
eighty days after the onset of infection. Coburn was of the
opinion that the delay in the appearance of antibody reactions
differentiated the rheumatic from the non-rheumatic subject.
Further studies by Coburn and Pauli (1939b) on ,the response in
non-rheumatic scarlatina and pharyngitis led them to extend the
period within which the maximum titre was attained in uncomplicated cases to twenty-eight days. Complications tended
to delay the maximum response beyond this period. It was also
shown that the prolongation of the immune response affected the
anti-M type-specific precipitins as well as antistreptolysin 0,
pointing to the continued activity of the haemolytic streptococcus
as a whole.
Further data have been presented by Todd, Coburn and Hill
(1939), who observed a significant shift to higher figures in the
A.S.O. titres of rheumatic subjects who contracted pharyngitis
without recrudescence of rheumatism, as compared with nonrheumatic children with pharyngitis or scarlatina. An even
greater increase was evident in rheumatic children who relapsed
after throat infection.
Similar observations over a period of three years were made
in patients, all males, of whom 96 per cent. were in the age group
sixteen to eighteen years (Green, 1941b). The cases of acute
rheumatism under investigation were mainly primary attacks in
boys who had passed a certain standard of medical examination
not longer than three years prior to the onset of illness. With
few exceptions, anyone admitting a previous history of rheumatism
had had no other recurrence within that period.
16

17

Acute rheumatism manifested itself in the group with the
usual symptoms of pain and stiffness in one or more joints,
followed by flitting arthritis in a varying number of joints.
Marked effusions were not common, but transient swelling and
tenderness were present in the early stages. Cardiac complications followed in a considerable proportion of cases. Although
the joint symptoms were generally of moderate severity, the
cardiac lesions rendered the condition no less serious.
Clinically the cases were arbitrarily divided into monocyclic
and polycycic types. The monocycic group presented a single
phase of activity with pyrexia and joint pains of varying degree
and duration, with or without complications. In polycyclic
cases, two or more such attacks were separated by less intense
periods in which there was some indication of continuing activity.
The range of antistreptolysin 0 titre during the active and
inactive phases of 110 acute rheumatic attacks were grouped
according to the extent of the titre range-i.e., the difference
between the highest and lowest readings recorded throughout the
particular attack. Of the 64 monocyclic cases, 56 were accompanied by a significant change in titre. This figure included 50
cases in which titres during the active phase of rheumatism
were higher than in the inactive phase, and 4 in which the titres
during inactivity were the higher. No titre below 100 units
was recorded in the monocycic cases with constant titres, 5 being
in the 100-249 zone and 3 at 250 units or over.
In the polycycic series, 43 of 46 cases showed a significant
variation. In 38 the active phase titres were higher than the
inactive, and in no case were all the inactive titres higher,
although significant change in titre occurred without detectable
clinical alteration in 5 cases. Of the 3 cases with fixed titres
in all stages, 2 were in the 0-99 unit zone and 1 in the 100-249.
Thus 88 of 110 cases showed a response indicative of recent
streptococcal infection, 11 failed to react, and 4 cases presented
a reversed effect.
From each of 15 cases of scarlatina and 24 cases of haemolytic
streptococcal pharyngitis, a sufficient number of titrations were
available to determine the range during active infection and
convalescence. In scarlatina, all titres during activity were
higher than in convalescence, 11 of the 15 cases exhibiting a
maximum variation. Of the 24 cases of pharyngitis, a maximum
reaction was noted in only 7, and in 8 cases a moderate increase
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occurred during activity. The remaining 9 cases showed no
appreciable change, although the titres were over 100. As sera
from several of these cases were not obtained until four to seven
days after the onset of infection, it is possible that an early
reaction was missed.
Healthy Subjects.-The sera from 107 healthy subjects were
selected without regard to history of recent pharyngitis for which
there were no bacteriological data. The distribution of the A.S.O.
titres in this group was such that 88 were less than 125 units and
only 3 above 250, the arithmetic mean being 79.
Non-Rheumatic Pharyngitis and Scarlatina.-The combined
distribution of these two groups represented a marked shift to
higher figures, 107 being over 125 units and 68 above 250, the
arithmetic mean being 280. The scarlatina figures were somewhat
higher than those for simple pharyngitis, the arithmetic means
being 300 and 263 respectively.
Rheumatic Group.-The general effect of rheumatic activity
was obtained by comparing the distribution of all sera collected
during active and inactive periods. The distribution of titres
during quiescent periods was intermediate between that of the
normal controls and the non-rheumatic pharyngitis and scarlatina
group, but much nearer the latter. The A.S.O. titres of 263 of
398 sera (66 per cent.) taken during the inactive period were 125
units or more, and 138 were over 250 units. With the development of rheumatic activity, the distribution was raised much
higher, 629 of 693 sera (90 7 per cent.) being over 125 units and
484 sera (69.7 per cent.) above 250. Whereas in only 13 sera
(3-2 per cent.) during inactivity was the titre 625 units or more,
the active group produced 158 (22-7 per cent.) at this high level.
The arithmetic means of the active and inactive groups were
444 and 210 units respectively.
Pharyngitis in Rheumatic Subjects.-While under observation, 20 rheumatic subjects in the quiescent state contracted
haemolytic streptococcal pharyngitis. Following upon the throat
infection, 16 of the 20 patients developed acute manifestations.
Seventeen attacks were followed, one subject having two such
lapses. The distribution of the titres of 61 sera from this group
was very similar to that in the active rheumatic series, as were
the arithmetic means. Four patients experienced streptococcal
pharyngitis without reawakening rheumatic infection, and in
all four there was no rise in A.S.O. titre. Only 18 sera were
18
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available from this group, which were too few for significant
comparison. However, in 14 of the 18 sera the titres were less
than 250 units and none was above 400.
The results were then grouped according to the degree of
clinical activity. Only 12 sera were obtained during the period
immediately preceding activity, all being below 400 units, and
the mean, 167, was the lowest in any phase of the illness.
During increasing activity the distribution shifted up the scale,
the mean titre reaching 412 units. The peak was attained at
the stage of greatest activity, with a mean of 538 units. Even at
this stage, 12 specimens were below 82 units. With diminishing
activity, the figures tended to return to lower values, but remained at relatively high levels as compared with those in the
quiescent phase. The arithmetic mean in the immediate postactive phase was 363.
The effect of length of time since infection in scarlatina and
pharyngitis was then ascertained. From cases of scarlatina only
6 sera were taken in the first six days of the attack. The titres
of 5 were less than 125 units, and the remaining titre was 159.
In the second week of the illness, 5 of 7 specimens had a titre of
more than 125 units, and in the third week the highest distribution was observed, 17 of 26 (65-3 per cent.) having a titre of 250
or more. The figures during the fourth and subsequent weeks
showed a commencing regression to lower values.
The distribution in simple pharyngitis approximated closely
to that in scarlatina with only minor differences. Thus higher
titres were observed at the commencement of the illness, but in
the following weeks the distribution was at a slightly lower level
than in scarlatina. Nevertheless, the highest distribution was
again observed during the third week. This can be correlated
with the finding that 9 of the pharyngitis cases started with
titres over 100 but showed no increase, whereas all the scarlatina
cases responded with a marked increase in titre.
Titration curves in some of the monocyclic cases of acute
rheumatism corresponded to those described by Coburn (1936)
as typical of the rheumatic state in that the maximum titre
was reached after the period of greatest activity was passed and
when the sedimentation rate was improving. Abnormally high
titres were maintained for weeks, and in some instances for
several months, but a final decrease was observed. In other
cases, the titres were as high at the onset of the attack as in any
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subsequent stage. It could not be stated that only severe cases
were accompanied by a prolonged A.S.O. response. On the other
hand, all severe cases in which any rise in titre developed presented
this to a high degree. As in all other cases in this group, a final
fall in titre was observed.
Titration curves in polycycic cases afforded good examples
of the relationship between rise in titre and clinical crises, the
clinical cycles being each attended by an advance in titre, although
this was not always of the same intensity.
In the scarlatina group, the typical response was an intense
but rapid reaction during the second and third weeks. Occasionally maximum titres were delayed till the fourth or fifth
week. In pharyngitis there was also considerable variation in
response, and no change in titre was noted in nine of the twentyfour cases examined.
There was marked individual variation in this non-rheumatic
group after streptococcal infection. No prolongation of the
increased A.S.O. titre was seen, although the actual appearance
of increase was not apparent in some cases until the fourth or
fifth week. The absence of reaction in a minority of cases indicated that a negative result could not be considered certain
evidence of the non-occurrence of recent streptococcal infection.
While under observation, 20 rheumatic subjects in the
quiescent phase contracted pharyngitis. Four attacks were
followed by uninterrupted convalescence, and in all four cases
there was no increase in A.S.O. titre. Fourteen of the 18 sera
from this group had titres of less than 250. One case was
observed through two attacks of pharyngitis, of which onlv the
second was followed by mild rheumatic activity. The first
throat infection which failed to stimulate rheumatic infection also
failed to produce any increase in titre, but the second attack of
pharyngitis was accompanied by a moderate rise, which persisted
during the subsequent period of clinical activity.
Further exceptions were sought by noting instances of renewed
activity in rheumatic subjects who had no antecedent pharyngitis.
While under observation, 10 subjects in whom rheumatic activity
had been quiescent for varying periods developed acute manifestations without clinical evidence of pharyngitis. In 7 of these
cases, hawmolytic streptococci were isolated from the throat before
the onset of symptoms, either for the first time or after a series
of negative results, and in 6 of these the attack was followed by
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a significant rise in A.S.O. titre. In the remaining 3 cases,
hawmolytic streptococci were not isolated from the throat in repeated examination, but 2 of these also showed a significant
rise in titre. In this group of 10 cases, rheumatic activity was
accompanied by a rise of titre in 8, despite the absence of
clinical evidence of pharyngitis before or at the onset of the
attack.
The results from the clinical groups were particularly suitable
for purposes of comparison in that all the subjects were males
in a strictly limited age group of fifteen to eighteen years.
The healthy controls were males in a slightly higher age
group of eighteen to twenty years. The low A.S.O. values of
sera from this group closely followed the results of Coburn and
Pauli (1935a), the respective means being 79 and 83. Although
controls in the sixteen to eighteen years age groups were
not available, little difference was to be expected from the
distribution found in the older boys, who had been in a similar
environment for at least two months before examination. If
anything, the readings in younger boys may have been lower on
account of reduced opportunities in age-years for infection to have
occurred. On the other hand, it may be argued that there did
exist environmental differences in the exposure of the clinical
groups and healthy controls, resulting in a greater risk of infection
so that the initial titres of the former were higher. Apart from
the absence of any evidence of such environmental differences,
this criticism is countered by the low titres of the scarlatinal and
pharyngitis groups in the first week of illness, and by the relatively
low titres from a small number of sera from rheumatic patients
prior to the onset of activity.
The distribution of titres in non-rheumatic scarlatina and
pharyngitis presented, therefore, a marked and significant shift
up the scale of values but to a lower plane than that observed by
Todd et al. (1939). The data indicated that the maximum titre
in scarlatina and pharyngitis was attained most frequently in
the period fourteen to twenty-one days after infection. Experimentally it has been observed that the A.S.O. titre falls within
a few days of supplying the antigen (Green, 1941a). From these
observations it may be deduced that even in simple pharyngitis
and in scarlatina there is prolongation of the antigenic stimulus
for a considerable time after the acute throat infection has
subsided, but that this does not extend beyond four to five weeks.
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Coburn and Pauli (1939b) have fully demonstrated that prolongation of the increased titre in scarlatina and pharyngitis was due
to complications or continued infection.
The results confirm previous observations on the general
increase in A.S.O. titre in acute rheumatism, although the degree
of increase was not as great as that reported by Todd et al. In
presenting the results, two methods were considered essential in
attempting correlation with the clinical process. The tabular
recording of actual titre values provided a very satisfactory method
for the statistical comparison of different groups, but did not
disclose the various responses encountered in a single clinical
entity. Thus, although, in a recognised infection such as haemolytic streptococcal pharyngitis, an increase in A.S.O. titre was
the general finding, some patients failed to respond, irrespective
of the high or low level of the initial titre. No fall in titre,
however, was noted in an established infection. As may be
expected from the toxigenic nature of scarlatina strains of
haemolytic streptococci, six fully observed cases of this disease
presented a well-marked reaction.
The variations in non-rheumatic subjects must be considered
when the A.S.O. response of rheumatic subjects is examined. The
shift to higher values in rheumatism was confirmed, as was the
maintenance of high values for much longer periods than in nonrheumatic controls. Therefore it was surprising to find that
six out of seventeen acute attacks in known rheumatic subjects,
preceded by pharyngitis of haemolytic streptococcal origin, were
not accompanied by any significant increase in titre. This proportion, it may. be noted, was roughly that of the non-rheumatic
group, whose titres were also unaffected by pharyngitis. Reactivation of rheumatism, therefore, could not be invariably
linked with further increase in A.S.O. titre following repeated
throat infection. However, it should be remembered that the
distribution of A.S.O. titres in inactive rheumatism was much
higher than in normal controls, and therefore the above conclusion
did not exclude the possibility of further streptococcal activity
which was masked by the high titres already reached. Unpublished observations have shown that in animals with relatively
high A.S.O. titres the further injection of large amounts of streptolysin 0 may have little or no effect. When the variation in
non-rheumatic subjects to haemolytic streptococcal products was
taken into account, the evidence in support of such infection
22

PART V.-THE EFFECT OF PRONTOSIL THERAPY ON THE ANTISTREPTOLYSIN 0 TITRE IN RABBITS DURING IMMUNISATION
The mode of action of prontosil and allied drugs has been the
subject of intensive research, but there are few records of the
effect of such therapy on antibody response, upon which the
ultimate success of the treatment partly depends. Although much
remains obscure, the general conclusion has now been reached
that drugs of this group act mainly by producing bacteriostasis,
thereby permitting the natural defences to come into full operation. Without adequate experimental evidence, the suggestion
has frequently been made that actual stimulation of these defences
by the drugs or their derivatives may also be a factor.
In haemolytic streptococcal infection, Colebrook et al. (1936)
demonstrated that, although the addition of prontosil itself to
the blood was without effect on bactericidal action, after administration of this drug to animals and man the bactericidal power
of the blood for small numbers of organisms was increased. This
action was considered to be due to the reduction of the inactive
prontosil to p-aminobenzenesulphonamide, which had feeble
bactericidal powers. These findings have been confirmed, but
the possibility of some additional mechanism has been suggested
to explain the apparently good therapeutic effect of the drugs.
Exploring the possibility of specific tissue stimulation by prontosil,
Gay and Clark (1937) could find no evidence, in experimental
streptococcal infection in rabbits, that the cell reaction, which
finally accounted for the disposal of the organisms, was other
than local, and concluded that the spread of infection was prevented by bacteriostasis. Levaditi and Vaisman (1935) recorded
in-vitro inhibition of streptococcal haemolysin by prontosil I
(4-sulphamido-2-4-diamino azobenzol) and concluded that certain
sulphoniamide compounds exerted an antitoxic action. Osgood
(1938) also suggested that the drugs of this group inactivated
haemolysin and perhaps other toxic products. Gross et al. (1938)
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in the majority of the rheumatic group was considerably
strengthened. In the absence of direct proof of continued streptococcal infection, Coburn (1936) has suggested that this evidence
indicated an altered response on the part of the rheumatic subject
to antecedent infection. One difficulty in the acceptance of
this view has been stressed by noting that typical attacks recur
in known rheumatic subjects without further increase in titre.
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found that prontosil II produced more marked inhibition of
streptococcal hawmolysin in vitro than did sulphonamide, which
had only a slight reaction. They also observed that the administration of sulphonamide in vivo and its addition to serum
did not enhance the inhibitory action of rabbit serum on
streptococcal haemolysin. On the other hand, Huntington (1938)
concluded that the slight delay of hsemolysin production caused
bv sulphonamide in broth cultures was possibly due to modification of the growth curve. Sulphanilamide was without effect
upon the formation of erythrogenic toxin in vitro and was unable
to inactivate small amounts of the toxin when used in a concentration equal to or greater than that induced in body fluids
therapeutically.
In this part of the thesis, observations on the effect of prontosil
therapy on the antistreptolysin 0 response of rabbits were recorded
(Green, 1941a). This antibody can be accurately titrated, and
its production as part of the natural response to haemolytic
streptococcal infection has been fully demonstrated by Todd
(1932a). Despite considerable individual variation in response the
results indicated little if any interference with antistreptolysin 0
production in experimental animals as a result of the simultaneous injection of haemolytic streptococci and prontosil. It is
to be expected that similar results would be found if other
antibody reactions were investigated. The serum of non-immune
rabbits under prontosil treatment had no neutralising action on
streptolysin 0, nor were the antihaemolysin 0 titres of immune
rabbits increased by the treatment.
Apart from the academic interest of the subject, the problem
is of practical importance in view of the wide application of
prontosil therapy. The use of the drug is often followed by
periods in which a focus of infection persists. It is important,
therefore, to ascertain if there is any check to the development
of the natural defence mechanism as a result of treatment with
prontosil. So far as dosage was concerned, the daily injection
in these experiments approximated to 003 g. of prontosil II per
kg. body weight, the total amount injected over a period of
twenty-two to twenty-three days being 0-66 to 0-69 g. Neglecting
species differences, the equivalent amounts for a 70 kg. man would
be a daily dose of 2 g. and a total of 64 to 66 g. Larger doses
are commonly used in the early days of treatment to secure a
maximum effect rapidly, but there was no necessity for this
24

agent.
PART VI.-RHEUMATIC CARDITIS: POST-MORTEM INVESTIGATION
OF NINE CONSECUTIVE CASES
This part was based on a paper published in ANNALS OF THE
RHEUMATIC DISEASES, 1939, 1, 86. In brief, the pericardial and
valvular lesions in nine cases of acute rheumatic endocarditis
were examined bacteriologically. Haemolytic streptococci were
recovered from valves with macroscopic lesions in eight cases,
but not from the valves without lesions nor from the heart blood
in the same cases. Unless a phenomenal chance distribution of
haemolytic streptococci in the heart valves of the various cases
were postulated, the results indicated that agonal or post-mortem
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procedure in the experimental work, in which it was possible to
institute therapy before infection occurred. Experimentally the
drug was used at least forty-eight hours before infection, so that
any possible interference with antibody production was favoured
as compared with human infections, in which the antigenic
stimulus has been applied, in most cases, before therapy is
commenced. It is a reasonable assumption that prontosil has
no appreciable antagonistic effect on antibody production in
human infections.
The observations may throw further light on the disappointing
results with prontosil in the treatment of acute rheumatism
reported by Swift et al. (1938). If, as suggested by Coburn (1936),
the delayed and precipitous rise in A.S.O. titre after haemolvtic
streptococcal infection of the throat is part of the rheumatic
process, then prontosil therapy will neither prevent nor reduce
the antibody response. On the other hand, the prophylactic use
of prontosil in preventing throat infection and thereby eliminating
the most common stimulus for increase in A.S.O. titre should be
of benefit. Encouraging results for this method of prophylaxis
have already been reported by Coburn and Moore (1939). A much
more remote question (upon which the work touches) is that of
immunisation against haemolytic streptococcal infection. If it
is possible so to develop control of haemolytic streptococcal infection by means of prontosil that all risk of spread of infection
is eliminated or reduced to low limits, it may also be possible to
introduce a system of modified infection with virulent organisms
for improving passive and possibly active immunisation against
certain of the diseases of which this organism is the causative
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blood invasion did not explain the appearance of hawmolytic
streptococci in only valves with macroscopic lesions. Coliform
organisms were also isolated under the same conditions, but were
found in the heart blood and in cultures from both healthy and
diseased valves. Careful examination of serial sections of
vegetations excluded the possibility that the positive findings
were the result of subacute bacterial endocarditis. The pathological manifestations were entirely those of rheumatic endocarditis, and no organisms were found in sections stained by the
routine Gram's method. Any possibility that the presence
of haemolytic streptococci was the result of contamination
from some source other than the tissues of the bodies under
examination was completely excluded by the fact that in five
cases the streptococcus recovered from the cardiac lesion, in the
individual case, was of the same serological type as the strain
isolated from the patient's throat before death. Further, in
those cases where haemolytic streptococci were isolated from more
than one valve the strains were serologically identical. Indirect
evidence has already been reported as to the part played by
hawmolytic streptococci. These observations greatly strengthened
the evidence, although the number of cases in the series was
too limited to be conclusive. They were recorded to encourage
further work on the same lines, and this was forthcoming.

PART VII.-RESULTS OF ANIMAL INOCuTAT:[ON WITH PATHOLOGICAL MATERIAL FROM ACUTE RHEUMATISM
Only two cases described in the preceding part yielded
pericardial fluid at post-mortem in amounts sufficient for animal
inoculation, some of which proceeded to develop' hsemolytic
streptococcal infection. In view of the results of valve culture
it was important to compare the appearances in the tissues in
the experimental animals with those in human tissues (Green,
1939b).
In the tissues of the experimental animals from which
hawmolytic streptococci were recovered, a peculiar distribution of
the organisms was occasionally noted, unlike that usually associated with suppurative lesions due to this group of organisms.
There was a tendency for the cocci to be clumped in large masses,
the individual members of which were feebly Gram-positive or
frankly Gram-negative. Another curious feature was the lack
of phagocyte reaction in the vicinity of the bacterial masses.
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PART VIII.-EPIDEMIOLOGY OF HAXMOLYTIC STREPTOCOCCAL
INFECTION IN RELATION TO ACUTE RHEUMATISM
Section 1. Hcemolytic Streptococcal Epidemic and First Appearance
of Acute Rheumatism in a Training Centre.
The reawakening- of the rheumatic process in patients as a
result of respiratory infection, particularly tonsillitis, has been
fully described by many observers, including Raven (1923), Boas
and Schwartz (1926). Hiller and Graef (1928), Schlesinger (1930),
Colfis (1931), and Coburn and Pauli (1935c). Reports concerning
the appearance of rheumatism in apparently healthy communities
after such epidemics have still further stressed the linkage between
the two conditions. Thus Glover and Griffith (1931) and Bradiey
(1932) described outbreaks in schools after epidemics of hbemolytic
streptococcal tonsillitis.
This section described the circumstances under which a similar
outbreak occurred in a training centre. Factors which contributed to the outbreak were, firstly, the introduction of a
susceptible class of apprentices at a time when the risk of infection
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The conclusions to be drawn from the comparison of human
and experimental tissue appearances were not easily made.
Certain bodies observed in the human heart sections may have
represented degenerated cocci, or an alternative explanation for
their presence was that they were derived from the tissues
themselves-e.g., mast-cell granules. The differentiation between
the two is comparatively easy if the cocci react to staining
methods and are distributed in the expected manner. When
aggregated into masses morphologically indistinguishable from
the coccoid bodies in the human heart sections, differentiation
was exceedingly difficult.
At present, final conclusions as to the nature of these coccoid
bodies have not been made. In view of the frequency with
which streptococcal infection is linked with rheumatism, it is
tempting to speculate whether some of these appearances in human
heart valves may not actually be due to the presence of cocci,
particularly as the cultural results strongly support this conclusion. If that be the case, then they indicate the existence
of a peculiar relationship between the haemolytic streptococcus
and the human host. Interesting as this speculation may be, it
must await further investigation.
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was high. As suggested by Dudley (1926), this probably resulted
in an increase in virulence of the infecting organism by passage.
Following the increase in virulence the number of clinical infections
appearing in a given class varied with age of the class and with
the susceptibility of its members. Thus, almost 80O0 per cent.
of cases occurred in the younger classes A and B. Contrary to
expectation, the ratio of the number of cases of scarlatina to those
of tonsillitis in class A was 1: 1-5 and in class B was 1: 075.
This distribution suggested that the members of class A had
experienced greater individual contact prior to the epidemic
than the older subjects in class B. Dick-testing showed that the
influence of the epidemic on the antitoxin immunity of class A
was very considerable and within a few weeks produced an effect
which would have taken months under normal circumstances.
Indeed, the smallest percentage of post-epidemic Dick-positive
reactors was found in the youngest class, which had suffered
most in the outbreak.
The marked difference in the total incidence of respiratory
infections-viz., 51, 19, 12 and 8 in classes A, B, C and D respectively-was a good example of the effect of herd immunity,
the class of longest age showing the greatest percentage of
survivors, irrespective of the individual immunity.
Acute rheumatism did not appear until the streptococcal
outbreak had been in progress for some time and all save one case
had been involved, clinically, in that epidemic. Moreover, all
cases of rheumatism occurred in apprentices, and, with one
exception, in the two classes which were most seriously involved
in the epidemic. Environmental features common to all classes,
such as dietary factors, climate, physical and mental stress, were
thus completely overshadowed by the preceding streptococcal
infection.

Section 2. Epidemic Rheumati8m.
Although multiple cases of acute rheumatism have been
observed to follow waves of streptococcal infection, there is doubt
as to whether acute rheumatism itself becomes epidemic or
whether the element of infectivity lies in the preliminary throat
infection as concluded by Sheldon (1931). A large-scale instance
of this kind in a semi-closed community was described in this
section.
As regards the streptococcal setiology of rheumatism it was
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stigmata such as marked valvular lesions were eliminated at the
entrance examination. Clinical experience has proved that latent
infection readily escapes detection at such an examination, no
matter how thoroughly it is conducted. However, it was most
unlikely that all cases which subsequently appeared were of this
type, for an attack rate of 63 per 1,000 was almost certain evidence
that primary infections were taking place. Granted this was the
case, then the association with haemolytic streptococcal infection
assumed much greater significance. That this correlation was
not exact did not exclude streptococcal infection as a primary
factor. Considering the aetiology of another disease spread by
droplet infection-namely, cerebrospinal fever-the same absence
of correlation between known contact with the causative agent
and the incidence of cases has been noted. Thus Dudley and
Brennan (1934) showed that, in a large community, a carrier-rate
of 50 per cent. for agglutinable N. meningitidis persisted for over
twelve months, but no cases of cerebrospinal fever appeared in
the community. On the other hand, in another community with
six cases of meningitis, the carrier rate was only 5 per cent. Bv
contrast, Glover (1920) had found that the carrier rate was in
the region of 70 per cent. when cerebrospinal fever outbreaks
were imminent or present. There is apparently no simple rule
governing the relationship between carrier rates and the appearance of clinical cases, the varying factor which complicates the
issue being the herd immunity of the exposed population. In
this epidemic the rising incidence of throat infections and
scarlatina in the first term was an index of the increasing virulence
of the heemolytic streptococcus as a result of passage through the
community, culminating in the appearance of multiple cases of
scarlatina. Despite the reduction in incidence at the start of the
second term due to the dispersal of the population, the epidemic
rapidly regained its former strength by reason of the increased
virulence of the infecting organism. The elimination of
scarlatinal susceptibles was indicated by the lowered figures in
the second term. At the start of the third term, the increased
virulence of the organism maintained the number of clinical cases
at a high level, but an important antagonising factor came into
play-namely, the increasing immunity of the community.
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important to consider to what extent primary infection was
encountered as contrasted with a recrudescence of existing infection. It was reasonably presumed that obvious rheumatic

Section 3. Comparative Incidence of Various Infections and
Acute Rheumatism in Certain Training Centres.
Longstaff (1904) drew attention to the fact that waves of
streptococcal diseases, such as erysipelas, scarlatina and puerperal
fever, synchronised with rheumatic fever. Atwater (1927) came
to the same conclusion and, in addition, he noted the correlation
between the mortality rates of the same conditions.
Reviewing the position of acute rheumatism in the Forces,
Glover (1930) observed that the incidence varied as the pressure
on sleeping accommodation. He drew an analogy between acute
rheumatism and cerebrospinal meningitis on the ground that
waves of acute tonsillitis preceded the appearance of cases of both
diseases. Dudley (1926) also noted the effect of overcrowding,
but considered that damp and chill were also factors in determining
the appearance of rheumatism. This conclusion was based on the
fourfold drop in the incidence at a training centre after an improvement in hygiene administration which was specially directed
to preventing damp and chill. Other factors demonstrated by
Dudley to be of prime importance in influencing the incidence
of infectious diseases, including rheumatism, were the rate of
change of population occasioned by recruiting and discharging,
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Although scarlatina was more frequent in this term, the majority
of the cases were in new entries who had recently joined and had
not experienced the immunising action of the previous terms.
By the summer of 1938, the community was thoroughly saturated
with haemolytic streptococci, and the attack rate was so high
that few persons escaped one or more attacks of nasopharyngeal
infection. With few exceptions, all those who developed
rheumatism had two or more attacks of throat infection before
the onset or else the second attack of throat infection coincided
with the appearance of joint manifestations.
A marked difference in the incidence of rheumatism and
scarlatina in relation to time of exposure to the environment of
the institution was demonstrated, which again indicated that a
different mechanism was at work. An analogous difference was
observed in the incidence of scarlatina and tonsillitis, which was
known to be of heemolytic streptococcal origin in practically all
cases. The latter difference was due largely to the variation in
antitoxin immunity of the exposed herd produced bv the periodic
introduction of fresh susceptibles.
30
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and the herd immunity of the community. In Dudley's report
Vickery was quoted as observing that the incidence of disease
fell more heavily on the newly joined boys. Thus, in 1912, there
were 2,949 entries on the sick-list of one training centre, of which
60 per cent. were boys in their first three months, 24 per cent.
in the second and 16 per cent. in the last three months of their
training. Similar findings have been described in the previous
sections, and the subject was then considered on a wider basis
by examining the incidence of rheumatism and other diseases in
several training centres, which showed marked variation in
morbidity rates over the same period of time.
The investigation indicated the complete absence of any relationship between acute rheumatism and epidemics of rubella,
measles, chicken-pox, common cold and diphtheria. On the other
hand, the distribution of rheumatism was similar to that of
tonsillitis. This correlation was not exact, and the difficulties
in estimating this were illustrated by comparing the data from
five centres. Two of the centres had the same rheumatism rate
of 22 per 1,000, but the throat infection rates per 1,000 differed
markedly, being 148 and 778 respectively. Yet another centre
had a rheumatism rate thrice that of the previous two, but the
tonsillitis rate was less than half that of the more heavily attacked.
The effect of age on the incidence of rheumatism in training
centres was well demonstrated in an institution in which young
boys were replaced by trainees aged twenty-one years or more.
There was an immediate reduction in the incidence of all respiratory diseases, and only two cases of acute rheumatism were
notified as against twenty-two and thirty-seven in the corresponding period of the preceding two years when the younger
boys were in residence. The experimental conditions in this case
were ideal except that the two groups were in occupation at
different times. The climatic conditions were similar in each
year, and the evidence indicated that the more frequent occurrence
of acute rheumatism during the winter months was due to the
simultaneous increase in respiratory infections and not to any
influence of climate per se. If the usual conditions are reversed
and infection becomes more common in the summer, as happened
in the epidemic described in section 2, then rheumatism is also
more prevalent.
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PART IX. - PRELINARY OBSERVATIONS ON THE USE OF
CONVALESCENT SERUM IN Tim TREATMENT OF ACUTE
RHEIumATISM
In certain communities of young male adults engaged in
strenuous physical training there has been a considerable amount
of acute rheumatism. In a few individuals there was a definite
history of some manifestation of rheumatism before admission to
the training centre, but in many the first attack was experienced
within a few weeks of entry. The mode of onset was extremely
varied. In the majority of cases, nasopharyngeal infection
antedated the insidious onset of stiffness and pain in one or more
joints which demanded medical attention, and the patient was
then found to be febrile. In others the disease appeared with
dramatic onset of hyperpyrexia, sweating and polyarthritis, as in
typical rheumatic fever. On the whole the joint lesions in this
latter group of cases have not been striking. Large effusions
were not common, but tenderness, slight puffiness and cedema
of surrounding tissues were the usual manifestations. Flitting
in character, the joint lesions rapidly improved and left no
apparent injury. The initial pyrexia rarely lasted longer than
one week irrespective of the treatment adopted, but exceptional
cases continued febrile for months. Remissions and relapses
occurred frequently, and symptoms were greatly relieved by
salicylate therapy. Despite the apparent mildness of infection
in the early stages of the disease, the cardiac complications have
been all too frequent, and have occasioned great anxiety on account
of the resulting incapacity. Fortunately, a number of patients
did not show any tendency to develop cardiac lesion.. As these
were otherwise healthy young adults, it was decided that serum,
taken from such patients during convalescence, should be tried
in the more acute phase of the disease in subsequent cases.
This part records the results of a preliminary investigation
(Green et al., 1940) on the use of convalescent serum from such
patients in the treatment of acute rheumatism. As far as possible,
no form of treatment other than general nursing and local therapy
was used in conjunction with serum. In 10 cases, no salicylates
or allied preparations were used throughout the illness. Of these,
7 cases reacted favourably to the treatment. Given in the
early stage of the disease, the use of serum was followed by a
rapid fall in temperature and speedy relief of the symptoms.
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Six of the 7 successfully treated cases were primary attacks,
and the seventh was a recurrence. No case has relapsed since
treatment, and all have returned to duty. Three cases of this
group did not react favourably to serum. In this group of 10
cases, 9 have now been at duty for months without relapse
and with no evidence of permanent cardiac damage. The remaining case has a valvular lesion, but tolerance has been good
and he is also back on duty. In 5 cases serum was used in
combination with or as an alternative to salicylates. Three
subjects in this second group have returned to duty without
carditis. One patient was discharged with both mitral and aortic
lesions, and one patient has returned to duty with a mitral lesion.
Clinical study of the cases has left no doubt that arthritic
pain was relieved, and, of the 15 cases treated in all, 9 were
considered to have benefited. Other antisera have been used in
the treatment of rheumatism. Thus antistreptococcal serum has
been tried with varying success. Wilson (1930) and Hill (1928)
reported adversely on its use, while Toogood (1926), Easson and
Thomson (1934), and Small (1928) were of the opinion that serum
was of value.
The volume of serum available for the present investigation
was not large enough to permit really adequate dosage in every
case, but the results obtained justify further extension on the
lines suggested. One point which will require careful investigation was the occurrence of partial collapse in two individuals
within a short period of receiving an injection of serum. The
cause of this peculiar phenomenon has not been discovered.
Anaphylaxis was considered, but the time relations did not appear
to support this possibility. That it was not due simply to repeated dosage has been shown by the absence of any untoward
reaction in patients receiving similar courses. Nor could any
individual batch of serum be incriminated since two separate
batches were concerned, and other patients treated with the
same sera had not been affected. Similar reactions have been
reported by Hitchcock, McEwen and Swift (1930), following the
use of antistreptococcal serum, and by Poynton and Schlesinger
(1937). In their cases the serum was obtained from heterologous
species, whereas in the present series the serum was from the
homologous species. Alarming as these two incidents were at
the time, they do not present a serious contra-indication as the
patients rapidly responded to appropriate treatment.
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It is hoped that the investigation will be extended, and that
the true value of serum therapy will be ascertained by its effect
on the course of the disease and, in particular, on the prevention
of cardiac lesions, when given in adequate doses in the early
stages of arthritis.
PART X.-REACTIONS INDUCED BY INTRADERMAL INJECTION OF
RHEUMATIC JOINT FLUID: NEUTRALISATION BY CONVALESCENT
SERA
Although acute rheumatism is frequently associated with
streptococcal infection, the joint iluid in rheumatic arthritis is
usually found to be sterile. Of the exceptional observations may
be mentioned the work of Richards (1920), and of Billings, Coleman and Hibbs (1922), who reported the isolation of streptococci
in cultures of joint fluid. Cecil, Nichols and Stainsby (1929), in
addition to recovering attenuated haemolytic streptococci from
blood cultures in a large series of cases, found the same organism
in some of the joint lesions. Examination of stained smears of
joint fluid shows, in the main, polymorphonuclear leucocytes in
various stages of destruction. Organisms can rarely be detected,
but the occasional finding of Gram-positive cocci has been reported by Graff (1936) and by Poynton and Schlesinger (1937).
Clinically the joint pains in acute rheumatic fever are fleeting
in character, and the joints are rarely left with permanent
damage after the initial attack. In these respects the arthritic
lesions appear to be due to some transient toxic action rather
than the result of actual tissue invasion.
In the previous part it was shown that convalescent serum
had a beneficial action when given to certain cases of acute
rheumatism but was without effect in others. This part deals
with an attempt (Green, 1940) to find the mechanism of this
action, and thereby to formulate a method for the selection of
sera for therapeutic purposes.
The evidence suggested the presence of some toxic or irritative
component in the joint fluid from three cases of acute rheumatism,
the three specimens being sterile as judged by the cultural tests
adopted. The appearance of an erythematous reaction produced
by the intradermal injection in a volunteer was very similar to
the Dick reaction. The erythematous reaction was demonstrable
in the human subject and not in rabbits nor in guinea-pigs-a
fact in accordance with the observation that rheumatic fever
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fluids, and there have been no untoward sequelae. As regards
the properties of the toxin-like component, little information has
been obtained because of the difficulties in working with a fluid
of high protein content. Storage at 60 C., followed by incubation
at 370 C., caused some deterioration.
The observation that sera in the later stages of convalescence
developed the capacity to neutralise the action of the fluid,
whereas this did not occur at the onset of infection, gave further
support to the hypothesis that a toxin-like component was
present. The neutralising action of sera during convalescence
was demonstrated in two of the three cases studied, and its
appearance coincided with the clinical improvement of both
patients. The third case was of much greater severity in that
pericarditis supervened and no neutralisation effect was demonstrable at any time that the patient was under observation.
Alternative explanations for the appearance of the reaction were,
firstly, that it represented a non-specific effect. If this were the
case, then the neutralising action of the serum, absent in the acute
phase of illness and appearing only in convalescence, was a
curious phenomenon. Secondly, although the joint fluids were
sterile in the ordinary sense, they may have contained a living
agent which required growth factors other than those supplied
in the media used.
It is opportune, at this stage, to review the recent work on
the virus oetiology of acute rheumatism. The presence of a
particulate agent of the nature of a virus in the pericardial and
pleural exudates from acute rheumatism was concluded by
Schlesinger, Signy, Amies and Barnard (1935), on the ground
that suspensions of these particles were specifically agglutinated
by sera from resistant cases of acute rheumatism but not by
sera from normal persons nor even from closely allied conditions
such as rheumatoid arthritis. These observations were generally
confirmed by Eagles, Evans, Fisher and Keith (1937), who
unsuccessfully tested the infectivity of the suspensions in
monkeys. Completely negative results of transmission experiments by Schlesinger and Signy (1938) have since appeared.
Van Rooyen, Green and Sclater (1937) were unable to confirm
the serological findings reported above, and Eagles and Bradley
(1939) have concluded that it was questionable whether the

Ann Rheum Dis: first published as 10.1136/ard.3.1.4 on 1 May 1942. Downloaded from http://ard.bmj.com/ on January 9, 2023 by guest. Protected by
copyright.

35
HAxMOLYTIC STREPTOCOCCAL INFECTIONS
cannot be transmitted experimentally to lower animals. So far
only one subject has been tested for reactivity to these joint
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agglutination of particle-suspensions, which they elicited equally
well (in approximately 40 per cent. of specimens) with sera
from rheumatic fever, arthritis of the rheumatoid type of unknown setiology, or arthropathies not classified as rheumatism,
could be accepted as undoubted evidence that these suspensions
contained virus elementary bodies. Apart from the evidence of
serological and animal transmission experiments, the distribution
of acute rheumatism in semi-closed communities described in this
work did not conform to that of any of the known virus diseases.
The latter were characterised by sharp explosive outbreaks,
whereas cases of rheumatism were more uniformly distributed in
relation to time. Furthermore, the author has made extensive
use of the technique of chorio-allantoic membrane inoculation of
the developing egg with entirely negative results. This technique
was initially adopted in an attempt to repeat the work reported
by Swift and Brown (1939) on the isolation of pleuro-pneumonialike organisms from rheumatic exudates. In the following year
(1940) the same authors.withdrew their claims.
The properties of the toxin-like component in the joint fluids
were not ascertained, although the presence of neutralising
antibodies in the serum during convalescence indicated its
probable antigenic nature. On this account, reference must be
made to the description by Coburn and Pauli (1939a) of the
appearance of a precipitogen in the serum, prior to the onset of
acute rheumatism. The nature of the precipitogen was not
identified, but it was suggested by the authors, following the
work of Hughes (1933) on yellow fever, that it may have represented a secondary antigen, resulting from the delayed interaction
of streptococcal products and circulating antibodies. If this were
the case, then the precipitogen was unlikely to be related to the
agglutination of virus-like particles, for Eagles and Bradley (1939)
showed that the latter phenomenon did not run parallel to the
antistreptolysin 0 titre. A relationship cannot be completely
excluded on these grounds, for Todd, Coburn and Hill (1939) have
reported that the antistreptolysin S titre tended to be low when
the clinical symptoms were most pronounced during rheumatic
attacks, whereas the antistreptolysin 0 titre was then maximum.
Coburn (1940) has emphasised that the low antistreptolysin S
response was the only exception in a number of tests which
revealed streptococcal activity in rheumatism.
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PART XI.-TiHE FORMOL-GEL REACTION AND ERYTHROUYTE
SEDIMENTATION RATE iN AcUTE RHEUMATISM
This part, based on the paper published in ANNALS OF THE
RHEUMATIC DISEASES, 1939, 1, 180, was included as a recognition
of the valuable assistance which this non-specific test afforded
when attempting correlation of clinical activity with serological
findings. The insidious onset of cardiac complications in certain
cases of acute rheumatism may baffle the most careful observer,
but the above tests served to date the recurrence of activity with
few exceptions. According to Lloyd and Paul (1928) the formolgel test was directly influenced by the globulin/albumin ratio,
and positive results indicated a relative increase in circulating
globulin. Bradley (1938) has shown that there was an absolute
increase in the volume of plasma in acute rheumatism, and
suggested that there was a qualitative difference in the proteins.
The formol-gel test, therefore, is a useful routine measure, although
its non-specific nature must be remembered in the interpretation
of results.
SUMMARY

Although the association with hawmolytic streptococcal infection has been fully demonstrated in the relevant part
dealing with the throat flora, allergic state, antistreptolysin 0
titre, and epidemiology of acute rheumatism, the relative infrequency of the latter is at once apparent. This discrepancy would
appear to indicate that factors other than infection are also
involved in determining the distribution of rheumatism. Read,
Ciocco and Taussig (1938) found that the frequency of rheumatic
manifestations was significantly higher among the near relatives
of a series of children affected with rheumatic disease than among
the corresponding relatives of a control series of non-rheumatic
children. Gauld, Ciocco and Read (1939) continued similar
investigations, and suggested that hereditary constitution mav
play a role in the predisposition to rheumatism. Roberts and
Thomson (1934) were of the same opinion, although the incidence
of the disease in the brothers and sisters of the series they described
was small. Recent work has therefore supported the claim for
a strong familial and hereditary tendency to rheumatic fever.
Wilson and Schweitzer (1937) go so far as to consider that this
tendency is transmitted as a Mendelian recessive character.
Other conditions which undoubtedly affect the incidence are
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those which accompany poverty, such as unsatisfactory housing
and dietary defects. These restrictions limit the incidence of
rheumatism to a fraction of the total figure for streptococcal
infections, irrespective of the mechanism which directly precedes
the onset of rheumatism. As to the actual nature of this
mechanism there is a considerable difference of opinion. One
theory postulates that an unknown virus is an essential contributory factor, and the evidence in support of this hypothesis has
already been discussed. An alternative theory is that recently
summarised by Coburn (1940) in which an abnormal response to
haemolytic streptococcal infection is considered to be the differential characteristic of the rheumatic state. This abnormality
consists in delayed, inadequate response to the primary throat
infection, with the result that viable organisms remain in inaccessible tissues after the healing of the primary focus. Concurrently, sensitisation of the individual occurs, with retention
of antibody within the cells of the reticulo-endothelial system.
Subsequently the surviving organisms release more antigen into
the circulation, and either the primary antigen or a secondary
derivative is phagocytosed by the sensitised cells. Contact of
this antigen and residual antibody within the cells gives rise to
a reaction which stimulates the release of large quantities of
globulin into the circulation. At the same time an intense inflammatory reaction and changes in vascular permeability are
induced in the tissues, which then become infiltrated with
wandering cells, and so give rise to the typical pathology of acute
rheumatism.
The investigations described in the thesis gave strong support
to the latter theory with certain reservations. Thus the evidence
of streptococcal infection was obtained in the majority of cases,
and an abnormal response was demonstrated. Furthermore, the
survival of haemolytic streptococci in the absence of a pyogenic
focus was noted in some cases of acute rheumatism with fttal
termination. There were two points upon which further investigation is required. Firstly, there was no evidence of streptococcal
infection nor of an abnormal response in a minority of cases of
acute rheumatism. Secondly, the toxin-like component in the
joint fluid in the stage of acute arthritis finds no place in the
sensitisation theory unless it represents a form of secondary
antigen.
In conclusion, then, it is essential that haemolytic streptococcal
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