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The History of Bacteriologic Concepts of Rheumatic Fever
and Rheumatoid Arthritis

Thomas G. Benedek, MD

Objectives Review of the development of etiologic and pathogenetic concepts of rheumatic fever
(RF) and rheumatoid arthritis (RA) from the beginning of clinical bacteriology to the discovery of
antibiotics.
Method Analysis of English and German language publications pertaining to bacteriology and
“rheumatism” between the 1870s and 1940s.
Results Early in the 20th century there was a widely held belief that a microbial cause would
eventually be found for most diseases. This encouraged pursuit of the intermittent findings of
positive blood and synovial fluid cultures in cases of RF and RA. Development of a streptococcal
agglutination test supported the erroneous belief that RA is a streptococcal infection, while the
simultaneous development of other immunologic tests for streptococci suggested that a hemolytic
streptococcus was etiologic in RF. Table 1 provides a chronology of major events supporting and
retarding resolutions.
Conclusions Much of the conflicting data and inferences regarding the etiology of RF and RA can
be attributed to the absence or inadequacy of controls in observations of clinical cohorts and
laboratory experiments.
© 2006 Elsevier Inc. All rights reserved. Semin Arthritis Rheum 36:109-123
Keywords rheumatic fever, rheumatoid arthritis, bacteriology, streptococci
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t the dawn of bacteriology, in the 1870s, there was
uncertainty among physicians whether acute
rheumatism (rheumatic fever, RF) and chronic

heumatism (rheumatoid arthritis, RA) were separate dis-
ases or that there was 1 “rheumatism” whose manifesta-
ions differed due to influences of age, heredity, and en-
ironment. In the decade 1885 to 1895 the possibility of
bacterial etiology of both diseases began to be consid-

red. This article explores the parallel paths, into the
940s, whereby the bacterial cause of RF was proved and
hat of RA was disproved. The scene is set with some
rebacteriologic opinions.

he Prebacteriologic History

n 1668 the London physician, Thomas Sydenham
1624-1689), attempted to differentiate between gout,
ebrile, and nonfebrile rheumatism (1). He found that
ebrile rheumatism chiefly attacks the young and vigorous
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nd begins with chills and fever. One or 2 days later a
igratory polyarthritis begins that persists longer than the

ever. This seems to describe RF. However, he also de-
cribed rheumatism that may make the patient “a cripple
o the day of his death and wholly lose the use of his limbs;
hile the knuckles of his fingers shall become knotty and
rotuberant.” Unfortunately Sydenham leaves us in
oubt whether he believed that RA is a chronic result of
F, or a separate disease. Nevertheless, he was convinced

hat this “rheumatism” is not a form of gout—a major
dvance that took 2 centuries to be accepted.

Although the term “rheumatic fever” was introduced in
806 (2), “acute rheumatism” continued to be the pre-
erred designation, leaving the disease in a spectrum with
chronic rheumatism” meaning RA and/or osteoarthritis.

illiam Balfour, an Edinburgh physician, wrote in 1815:
Chronic is often the consequence of acute rheumatism
3). Nothing, therefore, can be more evident than that
hat constitutes the proximate cause of the latter must

lso form that of the former. For the only difference be-
wixt the 2 species of the disease consists is this, that the
cute is accompanied with fever, whereas the chronic is
ree, or nearly free, from it”. Balfour conceded that he was
peculating that clinical differences are due to a “phlogis-

ic diathesis [predisposition] of the blood” that quantita-

109

Lixin Liu
Text Box

Lixin Liu
Stamp

Lixin Liu
Text Box
Subscription Information

http://www.us.elsevierhealth.com/product.jsp?isbn=00490172


t
i

t
s
d
m
t
t
f
a
a
d
g
i
t
o
a
.

i
A
w
a
t
d
r
(
n
c
a
s
d
a
w
c
e
o
s

A
t
p
i
a
“
r
p
c
i
v
c
a
i
t
t
f

p
“
(
p
o
u
t
T
t
f
a
i
i
g
i

M

T
a
I
A
j

R

T

O
f
b
q
“
e
c

L
W
h
f
t
t
d
a
c
c

m
w
t
o
r
t
R
H
a

110 History of bacteriologic concepts of rheumatic fever and rheumatoid arthritis
ively or qualitatively differs in generating fever and affect-
ng the tissues.

Etiologic hypotheses for RF preceded explanations for
he cause of RA. Sir James Paget (1814-1899, London)
peculated in 1853 that, except for some congenital con-
itions, all diseases that manifest their symptoms sym-
etrically, such as “the deformities of chronic rheuma-

ism, must be blood-born” (4). Unfortunately, most “of
he morbid conditions of the blood consist in changes
rom the discovery of which the acutest chemistry seems
s yet far distant . . .. In the cases of diseases produced by
demonstrable virus [ie, pathogen] we have all the evi-
ence that can be necessary to prove the principle that a
eneral disease of the blood can be the cause of a local
nflammation in 1 or more circumscribed portions of a
issue . . .. [W]hy for example the skin is the normal seat
f inflammation in small-pox, the joints in rheumatism,
nd so on, I believe we must say that we are on this point
. . ignorant.”
A blood-borne cause for RF was already hypothesized

n mid-century, based on either analogy or speculation.
lthough the relationship between uric acid and gout still
as circumstantial, if uric acid causes gout, lactic acid,

nother metabolic product, might induce acute rheuma-
ism. According to Robert B. Todd (1809-1860, Lon-
on), the normal concentration of lactic acid in the body
esults from the balance of its production and excretion
5). “As lactic acid is imperfectly excreted through its
atural channel in consequence of the influence of cold
hecking perspiration, and is too freely developed in the
limentary canal, it should accumulate in the blood expo-
ure . . .” and produce rheumatism. The supporting evi-
ence was that “ill-clad and badly fed children of the poor
re the most numerous victims of rheumatism. Hard
ork, exposure to cold and wet, bad food are strongly

ontrasted as causes of the rheumatic diathesis, with the
ase, comfort and excess which give rise to the analogous
ne of gout.” Thus, different extrinsic influences on the
ame predilection result in different diseases.

Austin Flint (1812-1886), the most distinguished
merican internist of the time, discounted the belief that

he skin has a pathogenetic role in RF, and cold exposure
robably “acts only as an exciting cause” (6). “The disease
nvolves a rheumatic diathesis which may be congenital
nd inherited, or it may be acquired.” Evidence for this is
the occurrence of the disease in early life, and by its
ecurrence more or less frequently in the majority of the
ersons who are once attacked by it. Statistics establish
onclusively the hereditary transmission of the disease. It
s a matter of common observation that the disease pre-
ails among different members of certain families.” Flint
oncluded (1881): “It is quite certain that rheumatoid
rthritis has no relation with gout, and it is probable that
t differs in its nature from rheumatism . . .. The theory
hat rheumatoid arthritis is of nervous origin is not irra-
ional.” However, Flint neither advocated this hypothesis

orcefully nor advanced another. t
Armand Trousseau (1801-1867), professor of thera-
eutics in Paris, pointed out that scarlatinal rheumatism
is an exceedingly common complication of scarlatina”
Table 1) (7). The presence of a rheumatic diathesis in
atients who contract scarlatina provides “an explanation
f the development of pleurisy and pericarditis: it assists
s in understanding why these affections are as frequent as
hey are, and why it happens that endocarditis occurs.”
rousseau recognized that there is a common factor be-

ween the causes of scarlet fever and RF, but writing be-
ore the advent of bacteriology, he speculated that this was
n inherited susceptibility. Scarlatinal rheumatism as seen
n an English “fever hospital” in 1894 was not “exceed-
ngly common,” but was sufficient to impress the investi-
ator: 3.87% of 3066 cases of scarlatina, the association
ncreasing with age (8).

ETHODS

he literature that has been reviewed and analyzed in this
rticle was originally published between 1668 and 1944.
t has been obtained from 11 books (5 pre-1900), and 14
merican, 6 British, 5 German, 1 Italian, and 1 Swedish

ournals.

ESULTS

he Early Bacteriology of Rheumatic Fever

ne of the first observations that was potentially useful
or unraveling the pathogenesis of RF was made in 1880
y J.K. Fowler (9). This London physician routinely in-
uired in cases of acute rheumatism whether tonsillitis or
catarrh of the pharynx” had preceded the attack. He
stimated that the association existed in at least 80% of
ases of RF, but no cultures were made.

In 1885 Alfred Mantle, as a young house officer in
ondon, confirmed the foregoing observation (10).
hen he entered a village practice in northern England,

e continued to make observations about RF and “the
requency of rheumatic symptoms in scarlatina.” Mantle
hen wrote a doctoral thesis on the hypothesis “that the
hroat, joints, and serous membranes become affected
uring a bacterial invasion” (11). The thesis was accepted,
lthough he later wrote that “my views did not gain ac-
eptance by the examiners, and 1 of them somewhat dis-
ouraged my enthusiasm.”

In 1887 Mantle presented a paper on his findings at the
eeting of the British Medical Association, an abstract of
hich was published (12). Although he failed to cite

hem, Mantle clinically was confirming the observations
f Trousseau and of Fowler. Mantle is quoted to have
ecovered bacteria from 7 synovial fluids, and blood cul-
ures of 26 patients with acute, prodromal, or subacute
F, as well as from unspecified sites in several cases of RA.
e consistently found both a Gram-positive diplococcus

nd a bacillus. He believed that “RA was only a manifes-

ation of the one disease, rheumatism, for a careful history
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Table 1 Timeline of Influential Observations on Rheumatic Fever and Rheumatoid Arthritis

Year First Author Location Ref. Observation

1873 Trousseau Paris 7 Scarlatina and RF have a cause in common
1883 Petrone Bologna 28 Gonorrheal arthritis has a specific bacterial cause
1885 Mantle London 10 RF and RA are one disease, caused by “bacterial

invasion”
1893 Schüller Berlin 30 RA is a specific disease caused by a specific bacillus
1895 Chvostek Vienna 14 Synovial fluid in RF is sterile and not bactericidal
1896 Bannatyne Bath 32 RA is caused by a different bacterium than

Schüller’s
1899–01 Poynton London 16, 17 RF is caused by a streptococcus
1901 Painter Boston 34 RA does not have a bacterial cause
1902 Meyer Berlin 19 Blood and synovial fluid in RF are sterile;

streptococci from tonsils resemble streptococci
from scarlatina and are the probable cause of RF

1902 Pribram Prague 35 Rejects evidence for the bacterial etiology of RA
1903 Beaton London 20 RF is caused by “Micrococcus rheumaticus”
1903 Schottmüller Hamburg 24 Based on its growth on blood agar discovers

Streptococcus viridans
1903 Philipp Prague 26 Blood and synovial fluid in RF and RA are sterile

aerobically and anaerobically
1904 Cole Baltimore 27 There is no specific S. rheumaticus
1904 Goldthwait Boston 40 RA is a reaction to infections by various bacteria;

coins term “infectious arthritis”
1912–13 Billings Chicago 45, 47 RA results from bacterial foci located anywhere in

the body
1927 Cecil New York 50 Both S. hemolyticus and S. viridans cause RA
1928 Lancefield New York 71–73 Identifies serologic types of streptococci
1929 Cecil New York 58 RF results from allergy to S. viridans
1931 Cecil New York 52 RA is caused by a specific streptococcus
1931, 1933 Nicholls New York 53 Streptococcal agglutination test “proves”

streptococcal etiology of RA
1932 Lichtman New York 60 Positive blood cultures in RF and RA statistically

indicate contamination
1932 Dawson New York 64–66 Questions reliability of Cecil’s culture techniques;

agglutination test does not require a particular
strain of streptococcus; RA is usually caused by
S. hemolyticus

1932 Todd New York 78 Discovers antistreptolysins
1932 Coburn New York 69 Initiation of RF requires exposure to S. hemolyticus,

not necessarily with symptoms
1934 Myers Boston 80 ASO titer is more likely to be elevated in RF than

in RA
1934 Archer New York 61 Streptococci in blood and joint cultures in RF and

RA are contaminants
1935 Wilson New York 83, 84 Doubts role of S. hemolyticus in etiology, of RF; still

in 1961
1936 Coburn New York 81 Identifies asymptomatic interval between infection

by S. hemolyticus and onset of symptoms
1936 Dawson New York 87 Continues to advocate that RF and RA are parts of

the same disease spectrum
1939 Coburn New York 92 Sulfanilamide prevents RF but does not affect

established RF
1939 Coggeshall Boston 94 Sulfanilamide cures gonococcal arthritis but does

not affect RA
1944 Boland Hot Springs, AK 95 Although penicillin cures streptococcal infections,

it does not affect RA
1946 Wallis Philadelphia 89 Particulate agglutination is a nonspecific
characteristic of most RA sera
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112 History of bacteriologic concepts of rheumatic fever and rheumatoid arthritis
enerally disclosed rheumatic pains or fever having been
uffered from when young, or an inheritance of rheuma-
ism . . .. One thing was certain, that it was not the organ-
sms in that or any other disease which directly caused the
ymptoms, but the chemical products the results of their
ction on the tissues.” Mantle speculated that the toxic
roduct might be lactic acid, which would relate his bac-
erial hypothesis to an earlier hypothesis of a lactic acid
etabolic pathogenesis (5). Pieter K. Pel (1852-1919),

rofessor of medicine in Amsterdam, was quoted in the
ame year to have stated: “It [acute rheumatism] only
ants the discovery of the specific micro-organic cause of

he disease in the inflamed serous membranes to render
he present presumption of its specific origin a certainty”
13).

Franz Chvostek, Jr. (1864-1944, Vienna, 1895) criti-
ized the hypothesis that etiologic conclusions could be
rawn from urine cultures except in a few diseases, such as
uberculosis (14). Chvostek found synovial fluid in RF
lways to be sterile. He performed animal experiments in
hich he demonstrated that joint cultures became posi-

ive soon after death, whereby he discredited bacteriologic
utopsy findings of cases of RF. He speculated that bac-
erial toxins make blood vessels more permeable to bacte-
ia and that this effect is related to the virulence of the
train. He found that synovial fluid is not bactericidal, but
xpressed surprise that he obtained no growth from his
atients’ joint fluid. Chvostek concluded that bacteria
xert no direct effect on joints, but that the arthritis of RF
esults from bacterial exotoxins and from toxins generated
n various tissues from bacterial action. He postulated that
he disease may result from more than 1 species of as yet
nidentified bacteria.
Alberto Riva (1844-1916, Parma) considered that in-

bility to culture a pathogen from blood or synovial fluid,
uch as Chvostek had reported, might be attributable to
ack of an appropriate culture medium (15). He com-
ared results using a standard liquid medium with a me-
ium to which he added an extract of horse synovium. In
ll of 8 synovial fluid and 3 blood specimens from cases of
cute RF, growth was obtained in the latter medium but
n no instance with the former. A large spore-forming
acillus and a small motile bacillus were found in each
xperiment. Because of the consistency of his findings
iva concluded that he had discovered the pathogen(s) of
F, rather than contaminants.
Most influential of the early bacteriologic investiga-

ions of RF was the work of London collaborators Fred-
rick J. Poynton (1869-1943), pediatrician, and Alex-
nder Paine, bacteriologist (16). After their initial
nvestigation was concluded, they became aware of Man-
le’s paper and gave him credit for having introduced the
oncept of a bacterial etiology of RF (17). The fundamen-
al etiologic discussion at that time was, whatever the
athogenic microbe(s) might be, is it pathogenic by pro-
ucing a toxin from a localized site or by directly invading

redisposed tissues? (
Their investigation, begun in 1899, was based on 8
ases of RF, in 3 of whom blood cultures were positive
18). In 5 autopsies positive cultures of tissues did not
orrelate with the interval from death to examination.
elieved to be most important were the finding of a con-

istent microbe, considered a streptococcus, and that in-
ravenous injection of this organism into rabbits caused
ericardial and heart valve disease, and in some also ar-
hritis. In a second article Poynton and Paine added to
heir evidence for the etiologic agent of RF by detecting
heir diplococcus histologically in subcutaneous rheu-
atic nodules from 2 cases of RF and by culturing this

rganism from 1 (18). Intravenous infection of a rabbit
ith this diplococcus resulted in lesions suggestive of RF.
herefore they concluded “. . . that this investigation

ends strong support to the contention that this diplococ-
us is a [not the] cause of rheumatic fever.”

Soon after the publications of Poynton and Paine, Fritz
eyer, a junior physician in the University of Berlin

linic, undertook a larger bacteriologic investigation of
F (19). In over 30 cases of acute RF he cultured blood
nd synovial fluid, all of which remained sterile—an im-
ortant difference from earlier findings. “It was just these
egative findings that led to the theory of toxins and their
ffects as etiologic.” To increase the possibility of obtain-
ng the actual pathogen, he cultured biopsies of tonsils
nstead of performing throat cultures. Streptococci were
sually recovered and he deemed it important that they
orphologically resembled the streptococci in throat cul-

ures from cases of scarlatina. He performed numerous
xperiments injecting rabbits with strains of streptococci
rom his tonsillar biopsies and from acute diseases, such as
rysipelas, as well as control experiments with staphylo-
occi, pneumococci, and diphtheria bacillus. Meyer
eached the 3 following prescient conclusions: (1) In RF
e are dealing with a particular type of streptococcal in-

ection; (2) There are bacteria with a predilection to cause
isease in human organs without being subsequently de-
ectable in these organs by available methods; and (3)
nimal experiments have demonstrated that clinical dif-

erences between RF and septicemia are due to differences
n the virulence of various streptococci.

In 1903 R.M. Beaton and Ainley Walker (London)
oncurred that the microbe they cultured from cases of
F was the same as had been described by Poynton and
aine, and by Meyer (20). Because of their belief in its
pecificity, they called this bacterium Micrococcus rheu-
aticus. They performed metabolic studies comparing a

train from a case of acute RF, a case of chorea, and a case
f septicemia. Their culture media included “blood se-
um.” According to their second note, “. . .the micrococ-
us has a hemolytic action on red blood corpuscles greater
nd more rapid than that of any other streptococcus we
ave as yet examined—a fact of interest in relation to the
ery rapid and considerable anemia of rheumatic fever”

21). “We conclude that the bacterial specificity of acute
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T.G. Benedek 113
heumatism has been satisfactorily established. Its toxic
pecificity remains to be investigated” (20).

J.M. Beattie (1904, Edinburgh) repeated the study of
eaton and Walker using a strain obtained from syno-
ium and another contributed by Paine, concluding that
this micrococcus rheumaticus is a special organism, and
s causal in acute rheumatism” (22). In 1908 Beattie re-
orted further rabbit experiments that appeared to con-
rm the rheumatogenic specificity of this variety of strep-
ococcus (23). He emphasized, as had previous
nvestigators, that the most important difference between
ther streptococci and the rheumatogenic strain was that
he latter did not cause purulent effusions or lesions.

In 1903 Hugo Schottmüller (1867-1936, Hamburg)
eported that streptococci could be meaningfully divided
nto hemolytic and nonhemolytic types by growth on
lood agar (24). Streptococci from cases of scarlatina and
rysipelas caused identical hemolysis, while Streptococcus
itior never was recovered from severe infections and did
ot cause blood agar to loose color, but rather induced a
reenish hue. Therefore he proposed the alternative name
viridans.” Cultures of blood and effusions of even severe
ases of acute rheumatism remained sterile. Schottmüller
nticipated that the distinction between more virulent
emolytic strains and less virulent “green” strains would
e important for the development of vaccine therapies.
is discovery, as shown for example in “The Bacteriology

f Acute Rheumatism,” an American review in 1908, was
enerally ignored (25).

One of the most searching bacteriologic studies of the
arly period was performed in Prague during 1899 to
901 (26). Blood cultures were obtained from 27 cases of
F and 4 of RA, as well as synovial fluid cultures from 6 of

he former and 2 of the latter. Both aerobic and anaerobic
ultures were made and aliquots from 8 RF and 1 RA
atient culture were injected into guinea pigs, dogs, or
onkeys. No growth was obtained in any experiment.
evertheless, RF was considered infectious, although no

tiologic agent was suggested.
Soon thereafter, Rufus I. Cole (1872-1966, Baltimore)

btained nonhemolytic streptococci from blood, perito-
eal fluid, or lymph nodes of 7 patients with various dis-
ases (27). Cultures of these strains, when injected into
abbits, all tended to localize in joints, with severity of the
isease being dose related. Since the responses of the rab-
its were unrelated to the source of the strains, Cole con-
luded that the existence of “Streptococcus rheumaticus”
as disproved. This gave experimental support to the the-
ry, subsequently popularized by Frank Billings (1854-
932, Chicago), that a chronic focal infection could cause
systemic disease (see below).

acteriology of Rheumatoid Arthritis

he inconsistent finding of bacteria in rheumatoid syno-
ial fluid was explained mainly by analogy with gonococ-

al arthritis. Gonococci had been identified morphologi- p
ally in inflamed knees of patients who had gonorrhea in
883 (28). However, the first successful culture of gono-
occi from synovial fluid was not achieved until 1894 and
ontinued to be difficult (29). The realization that cul-
ures of synovial fluid in a disease with a proven bacterial
ause, such as gonorrhea, are frequently negative gave
upport to the hypothesis that, despite the inconsistent
nd variable recovery of bacteria from rheumatoid joints,
his disease also had a bacterial etiology. The alternative
xplanation for sterile synovial fluid cultures was that the
isease was not caused by direct bacterial invasion but by
xotoxins that emanated from 1 or more remote foci.

In the 1890s the question whether RF and RA are
omewhat different clinical manifestations of the same
isease was in dispute, as it was 40 years later. In regard to
A, microbiological research was initiated by Max
chüller (1843-1907, Berlin), a distinguished surgeon
ho throughout his career was interested in microbiology

30). Schüller’s bacteriologic investigation of RA derived
rom a study of the histopathology of synovium. He wrote
n 1893 (paraphrased): “[It] is most likely from the exam-
nations I have made so far that chronic joint inflamma-
ion with villous hyperplasia that up to now has been
onsidered rheumatic, is caused by the bacilli I have dem-
nstrated. If so, then among the first questions to consider
s whether it is still justified to include these joint inflam-

ations with acute rheumatic fever. Since bacteriologic
xaminations in acute rheumatic fever usually have found
us cocci by culture, a genetic relationship [with RA]
ust be denied . . .. In my opinion RA constitutes a spe-

ial group of joint diseases . . . that are histologically as
ell as genetically not justified to be associated with RF,
r some cases that have erroneously been considered gout.
receding acute RF only predisposes somewhat to other

oint inflammations—as for example that caused by gon-
rrhea.”

In 1905 Schüller stated: “According to my observations
f numerous (several hundred) individual cases, only
hose joint diseases that manifest hypertrophic synovia
nd ankylosis that are caused by the dumb-bell shaped
acillus are counted as the polyarthritis chronica villosa I
ave defined (31). There are some cases having the iden-
ical criteria in which, however, by palpation in some, in
ome roentgenologically, coarser alterations are demon-
trated on the cartilaginous margins and surfaces of joints.
ccording to my experience up to now, none of these
elong to arthritis deformans (osteoarthritis deformans),
ut are end stage syphilitic arthropathies on which the
illous process (caused by the dumb-bell shaped bacilli)
as developed.”
Gilbert A. Bannatyne (1867-1960), a physician at En-

land’s rheumatic diseases center in Bath, and Arthur S.
ohlmann began in 1893 to search for the cause of RA

32). They reported their findings in 1896. “The idea of
n organism as a causative factor in any one of the group
f “rheumatic” diseases seemed somewhat wild and im-

robable.” However, the epidemiologic studies of News-
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114 History of bacteriologic concepts of rheumatic fever and rheumatoid arthritis
olme (Arthur Newsholme, 1856-1943) (33) “. . .have at
east accustomed one to the idea that acute rheumatism

ay probably prove to be an acute specific disease caused
y a definite pathogenic microbe. It was the close analogy
f rheumatoid arthritis to tuberculosis that first suggested
o our minds the possibility of a micro-organism as the
ause of the disease . . .. How these micro-organisms gain
ccess to the blood is not at present definitely known, but
hey probably do so through some chronic catarrh of the
astro-intestinal or genito-urinary systems . . . or tonsils.”

Bannatyne and Wohlmann aspirated fluid from an
unspecified) joint of 25 cases of RA and in 24 the very
ame microorganism was obtained, usually in enormous
umbers. No attempt at blood culturing is mentioned
nd no synovial tissue was examined. Eighteen specimens
ere sent to F.R. Blaxall, a bacteriologist in London, for

nalysis. He found 1 small aerobic microbe with “two
right ends and an intermediate part much less obvious.”
t stained best with methylene blue, but was difficult to
row. “The only points of resemblance are the polar stain-
ng and the easy discoloration. It therefore appears to be
ndisputable that the organism of Schüller is not that
hich was discovered by Bannatyne and Wohlmann.” No

urther research was published.
Charles F. Painter, a Boston surgeon, soon attempted

o confirm Bannatyne’s findings (34). He cultured syno-
ial fluid from 8 cases of RA “following the technique
xactly as described by the writers,” but obtained no
rowth. Subsequently he concluded that his pathologic
ndings on synovial tissue from cases of RA substantiate
hat they do not have an infectious cause.

In his 1902 monograph on chronic arthritides, Alfred
ribram (1841-1912, Prague) reviewed the publications
f Schüller and Bannatyne (35). “Schüller’s findings as
ell as those of Bannatyne, Blaxall and Wohlmann in

heir clarity leave nothing to be desired. We would ascribe
he fundamental cause of rheumatoid arthritis to either of
hem if one would concede the discovery to the other.
nfortunately the experiments that we have conducted

n joint contents from several cases of chronic rheumatic
rthritis, both with Schüller’s simpler as well as Banna-
yne’s more complicated method, have given negative re-
ults, so that the question, as near as it appears to its
olution, remains unresolved at present.” Schüller (1905)
ttributed Pribram’s failure to confirm his bacteriologic
ndings primarily to having cultured synovial fluid rather
han biopsies of synovial tissue (31).

In 1905 Roades Fayerweather, a junior orthopedic sur-
eon at the Johns Hopkins Hospital, reviewed the bacte-
iologic reports pertaining to RA and added his own ex-
erience (36). Synovial fluid cultures were sterile in 3
ases of RA, but growth was obtained from 2 cases of RA,
of ankylosing spondylitis (called RA) and 1 of RF. Ac-

ording to the descriptions of the microbes, the organism
btained from 1 of the RA cases differed from the other 3.
ntravenous and intraarticular injections of these cultures

nto rabbits and guinea pigs elicited no symptoms. “Bac-
eriologically there is no evidence to show that there is any
ssential difference between acute articular rheumatism
RF) and infectious polyarthritis chronica villosa (RA).
he difference in the subsequent course of the two con-
itions is apparently due to differences in the infecting
rganism and in the degree of disturbance they are capa-
le of provoking.” Fayerweather used Blaxall’s culture
echniques and felt that he was confirming Schüller’s
ndings. However, he did not continue this research. In
is last article on this topic (1906) Schüller concluded
hat Fayerweather’s cases did not fit his diagnostic criteria,
nd since his own results were now based on 230 cases,
ayerweather was premature in drawing conclusions from
(37).
The “opsonic index,” devised in 1902, was the first

mmunologic procedure for the testing of resistance to a
articular disease (38). It consisted of a microscopic com-
arison of the phagocytosis of bacteria by leukocytes that
ad been exposed to the patient’s serum and to pooled
ormal serum. A pathogen was considered to depress op-
onic activity, and therefore, serial determinations of this
ndex were believed to indicate whether the infection was
mproving or not. It was used particularly to monitor
accine therapy. However, a lack of response could mean
ither that a vaccine was inadequate against the correctly
dentified pathogen or that the vaccine was irrelevant to
he actual pathogen.

In 1906 Painter became interested in evaluating the
psonic index, at first in relation to the treatment of skel-
tal tuberculosis with Koch’s tuberculin (39). “In chronic
olyarthritis it would be the greatest possible boon if the
psonic test could be employed to discriminate between
ypes of infection . . .. In the earlier part of our work there
eemed to be considerable to suggest the possibility of a
olution of the problems in the diagnosis and treatment of
hronic polyarthritis. When, however, one regards the
ases through a long perspective, there is not much to give
ncouragement at the present time.” Even though Painter
elieved that he had disproved a bacterial etiology of RA
everal years previously, he now sought to re-investigate
he question immunologically.

From cultures that Fayerweather had preserved Painter
ad a vaccine prepared that he used both diagnostically
nd therapeutically (39). The opsonic index was “low”
ith Fayerweather’s bacillus in 5 of the 6 cases of RA for
hich he gave some details, but also for streptococcus in
, staphylococcus in 2, and pneumococcus in 1. “All that
an be said as a result of practically a year’s experience with
he application of the opsonic test for this bacillus is that
e have been able to obtain a characteristic serum reaction

n the blood of nearly all the patients who were possessed
f the clinical signs of this type of polyarthritis. When it
as come to treatment I think it is fair to say that there has
een no considerable degree of improvement in any case,
t least none which is not frequently seen in cases treated
y other methods.”

“Discouraging as these cases are, looked at from the
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T.G. Benedek 115
linical point of view, it must be remembered that we have
een applying a new method, the shortcomings of which
re not at present wholly understood . . .. It may be that
ases have been treated with vaccines made from organ-
sms having no possible kinship to the organisms origi-
ally present in the patient, though the opsonic findings
ave pointed that way. Again it may be possible that some
f the conditions treated were not originally caused by an
nfective agent.”

In 1904 Joel E. Goldthwait (1866-1961), a Boston
rthopedic surgeon, sought to differentiate RA from os-
eoarthritis, based for the first time on radiologic appear-
nce, with the designations, respectively, of “atrophic”
nd “hypertrophic” (40). Regrettably, he also introduced
infectious arthritis,” an ambiguous term that confused
heumatology for the next half century. “Infectious arthri-
is is by far the most common, and includes most of the
ases commonly spoken of as acute or chronic rheuma-
ism and as septic arthritis, as well as many formerly spo-
en of as arthritis deformans. This type of disease appar-
ntly results from the presence within the body of some
nfectious organism, the symptoms being due either to the
resence of the organism itself within the joint, or to some
oxin produced by that organism in some other part of the
ody. It may result from practically any of the infectious
r pus-producing organisms, and the type of the lesion or
ts character will naturally depend on the special organism
nvolved.” While Goldthwait did not intend “infectious
rthritis” as a synonym for RA, however, that is what it
ecame.
The skepticism Llewellyn Jones (Bath, 1909) expressed

egarding the bacteriologic findings in RA resemble Pri-
ram’s: “Reviewing the organisms themselves collectively
ne is struck by the variety they display, and presuming
he disease to be infectious in origin, the only inference to
e drawn is that not one but many different organisms
ay produce the disease, and indeed there is nothing

nreasonable in the assumption (41).” However, “the in-
ective theory of the origin of rheumatoid arthritis . . . is
till wanting in those conclusive bacteriologic data on
hich alone such a conception of its nature could be

stablished beyond cavil.”
Lewellys F. Barker (1867-1943; Baltimore, 1914), was an

nfluential clinician-professor also reluctant to reject infec-
ion: “The idea of an infectious origin for many of the
hronic arthropathies has gained credence (42). The notion
as soon extended to various chronic arthropathies in which,
espite the absence of demonstrated bacterial causation, the

ocal processes in the joints and the state of the rest of the
ody (slight fever, slight leukocytosis, secondary anemia, en-

argement of the lymph glands, slight foci of infection else-
here) make the assumption of a continuous (or occasion-

lly recurring) bacteremia of low grade with joint-deposition
eem possible and plausible.”

In 1917 William Nathan, a New York pathologist,
hile focusing on RA, theorized a detailed unifying bac-
erial etiology of most arthritides (43). His supporting K
vidence was based largely on histopathologic examina-
ions of experimentally infected dogs. Although Nathan
ainly used hemolytic streptococci in his experiments,

ince similar findings resulted from infection with other
acteria (eg, staphylococci, pneumococci), he concluded
hat there is no specific arthritogenic bacterium. He be-
ieved that attempts to identify bacteria with blood or
ynovial fluid cultures are usually unsuccessful because the
athogens are rapidly trapped in the epiphyseal or sub-
hondral blood vessels. These become “foci of infection”
o that systemic disease results if the pathogen is able to
scape from some of these foci. Most morbid changes in
oint diseases are attributable to inflammation that is
aused by a nonspecific bacterial infection. “The so-called
roliferative processes depend on the virulence of the mi-
ro-organisms, the resistance of the host, and the mechan-
cal conditions which prevail in each particular case.” The

echanical component of chronic joint deterioration re-
ults from stretching by large synovial effusions and/or
symmetrical intraarticular postinflammatory changes.
Degenerative conditions, when they follow inflamma-
ion, denote the more or less complete inhibition of the
eparative process after the active morbid condition has
ubsided. The mild, repeated joint swellings commonly
ound in all forms of infections are no doubt analogous to
he conditions found in some cases of so-called acute ar-
icular rheumatism and a certain percentage of cases of
o-called gonorrheal rheumatism.” Some symptoms, such
s glossy skin, paresthesias, and contractures cannot be
ttributed to infection; these “are in all probability due to
coincident spondylitis and secondary involvement of

he cord or the spinal roots.”

he “Focus of Infection” Theory

athan’s theory apparently failed to arouse much interest
nd ideas about a bacterial cause of RA lay dormant until
he late 1920s. However, research on a bacterial cause of
F persisted. The hypothesis that a bacterial infection of

he throat somehow predisposes some people to scarla-
ina, some to RF, and some to RF after scarlatina gained
redominance, while the question whether a specific mi-
robe is pathogenic remained in dispute. An alternative
xplanation of the inconsistency with which bacteria
ould be recovered from blood or synovial fluid in cases of
ither RF or RA was that the pathogen was a relatively
oninvasive microbe that was pathogenic by releasing a
oxin from hidden, more or less asymptomatic foci. This
ypothesis was regressive compared with that of Schüller

n that he postulated that his pathogen elicited 1 his-
opathologically specific disease, while the advocates of
ocal infection with systemic consequences reverted to
athogens that were causing all sorts of nonpurulent mus-
uloskeletal manifestations. The latter concept originated
n 1908 in England based on recognition of an association
etween chronic gingivitis and rheumatic complaints.

.W. Goadby (London) found that 19% of 263 cases of
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116 History of bacteriologic concepts of rheumatic fever and rheumatoid arthritis
ncomplicated infections of the gums “gave a definite
istory of rheumatic symptoms” (44). A “streptobacillus”
as the principal bacterium that was cultured, and injec-

ion of these cultures “into and around the knee-joints of
abbits produced symptoms similar to and indistinguish-
ble from arthritis deformans.” However, “My contribu-
ion . . . does not seek to establish a specific organism as
he etiologic factor in all cases of rheumatoid arthritis,
nfective fibrositis, muscular rheumatism, etc.”

Frank Billings and several collaborators in Chicago be-
an in 1912 to popularize the concept of “focal infection”
45). This concept was derived from analogies, eg, men-
ngitis can result from infection in “the nasal mucous
urfaces, gonorrheal arthritis from infection in the genital
ract, a local tuberculous focus may cause systemic infec-
ion.” Early laboratory support came from his associate,
.J. Davis, who performed experiments similar to those
eyer (19) had performed, except that the latter’s pa-

ients had definite RF, while the diagnosis of RA in the
atients whom Davis studied was less certain (46). Davis
ought evidence of “the specificity of streptococci as caus-
tive agents.” Among 42 patients blood cultures in 10 and
ynovial fluid cultures in 4 were sterile, while hemolytic
treptococci were cultured from 90% of tonsilar crypts,
ainly at tonsillectomy. When cultures were injected into

oung rabbits, microorganisms “. . .universally localize in
r about joints.” The infection was not rapidly lethal and
acteria were not recoverable by the 3rd day after infec-
ion, but the animals gradually became crippled. Davis
ould not differentiate these streptococci from strains ob-
ained from individuals who did not have an arthropathy.
onsillectomy commonly resulted in marked improve-
ent or complete relief from arthritis, whether or not the

onsils were inflamed, atrophic, or normal. This was in-
erpreted as evidence that the tonsils are a source of infec-
ious material that is constantly being disseminated.

Billings endorsed the micrococcus rheumaticus as the
pecific pathogen of RA (47). However, he advanced an
nique hypothesis to account for the various bacteria to
hich the etiology had been attributed. Certain bacteria

ould, influenced by their environment, be converted into
he actual pathogen. “The range of transmutation is from
type of streptococus to the pneumococcus.”
In 1915 Edward C. Rosenow (1875-1966, Chicago)

ublished an elaborate investigation of the question
hether a streptococcal infection would preferentially de-
elop in an animal in a site or organ from which it had
een obtained in patients (48). No distinction was made
etween hemolytic and nonhemolytic strains. After hav-
ng isolated and incubated the organism, he injected a
roth culture intravenously into dogs or rabbits. For ex-
mple, 80% of streptococci that were obtained from cases
f cholecystitis were found in the test animals’ gallblad-
ers versus 17% in joints and 10% in endocardium, while
6% of streptococci obtained from cases of RF were
ound in the animals’ joints, 46% in endocardium, and

% in the gallbladder. Rosenow concluded: “That the 1
treptococci are the underlying cause of the diseases from
he lesions of which they were isolated is indicated further
y the fact that they have selective affinity for the corre-
ponding structures in animals.” However, preferential
ocalization of streptococci also was found for diseases
hat subsequently were proved to be viral, eg, 73% of
treptococci that were isolated from parotid glands in
ases of mumps were found in animal parotids. This type
f investigation appears not to have been repeated.

In 1922 Billings sought to prove the etiologic signifi-
ance of “foci of infection” in “chronic arthritis” statisti-
ally (49). However, the diagnoses of his 411 cases were
mprecise. A focus was found in 94%, being oro-pharyn-
eal in 75%, among which it was entirely or primarily
treptococcal in 93%. About 80% of the streptococcal
solates were Streptococcus viridans. Consequently Billings
oncluded that “. . .primary deforming arthritis is primar-
ly an infectious disease, and that the infectious micro-
rganisms which are the cause are usually strains of non-
emolytic streptococci of relatively low virulence . . ..”
In 1927 Russell L. Cecil (1881-1965, New York) with

enjamin H. Archer at Cornell University published a
escriptive study of 200 consecutive cases whom they
onsidered to suffer from “chronic infectious arthritis”
50). They stated that “The theory of focal infection has
een so widely accepted that many clinicians now con-
ider all arthritis as an infectious disease. As a matter of
act chronic infectious arthritis is a definite clinical entity
hich can usually be distinguished from other forms of

oint disease.” One or more “foci of infection” were found
n 182 of their cases, including tonsils in 122 and teeth in
nother 66. “Cultures from tonsils usually yielded large
umbers of hemolytic streptococci, whereas cultures from
pical abscesses almost invariably gave pure cultures of
treptococcus. Viridans . . .. One is forced to conclude
rom this that both S. hemolyticus and S. viridans can act
s etiologic agents in infectious arthritis.” These results
imicked those that Billings had reported.
In 1929 Cecil still considered that “The most impor-

ant contribution to the etiology of chronic arthritis was
hat made by Billings and his coworkers . . . when they
ointed out the relationship that existed between focal
nfection and chronic infectious arthritis . . . (51). While
he relation of focal infection to chronic infectious arthri-
is is rather generally recognized, there is doubt in the
inds of many as to whether the joint manifestations are

ctually metastatic infections or whether they are merely
n expression of some toxic influence on the joint . . .. A
ajority of the investigators look on the streptococcus as

he exciting cause . . .. There is considerable disagreement
s to which type of streptococcus is responsible . . ..”

iscrepancies Between Blood Cultures and
mmunologic Tests

ecil, with Edith E. Nicholls and Wendell J. Stainsby, in

929 made their first report on the immunologic relation-
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T.G. Benedek 117
hip of streptococci with RA (51). A streptococcus was
ecovered from blood cultures in 62% of 78 cases of RA,
hile all 54 control specimens were sterile. As of 1931
ositive blood cultures had been obtained from 62% of
54 cases of RA and 3.8% of 104 controls (52). Cultures
f synovial fluid revealed a streptococcus in 67% of 49
ases and in 44% of 48 cases a streptococcus was recov-
red from both blood and synovial fluid. The investiga-
ors rejected the possibility that the streptococci were con-
aminants because then “one would expect to find just as
igh an incidence of positive cultures in the controls as in
he arthritic series . . .. The observations reported tend
trongly to confirm the theory that rheumatoid arthritis is
n infectious disease, caused in a high percentage of cases
y a specific type of streptococcus . . ..”
Forty of the initial 48 blood cultures grew an identical

eakly hemolytic strain of streptococcus. This henceforth
as called the “typical strain” and was used to immunize

abbits to create the antibody with which serologic testing
as performed. In 1933 the concept was extended: “In

ontrast to the positive results obtained from agglutina-
ion tests in rheumatoid arthritis are the negative results in
steoarthritis, gonococcus arthritis, rheumatic fever, and
out (53). A knowledge of this reaction is of practical
alue in differential diagnosis.”

In 1938 Cecil and D.M. Angevine reviewed another
00 cases of “chronic infectious arthritis (54).” These
ere Cecil’s private patients with far fewer foci of infec-

ion than were found in the earlier cohort of Cornell clinic
atients. A bacterial focus was found in 30% of this versus
1% of the earlier cohort. The reason for this study was
he beginning of doubt regarding the pathogenetic im-
ortance of infected tonsils. In the interval, although
hildhood tonsillectomies had become very common, Ce-
il had not found a decrease in the prevalence of RA, as he
pparently expected, nor dramatic post-tonsillectomy im-
rovement if RA had been present. A nonarthritic cohort
as not examined in either investigation.
The largest studies of the relationship of streptococcal

gglutinins to RA after those of Cecil and Dawson (see
elow) were conducted by J.W. Gray (Newark, NJ) dur-
ng 1931 to 1935 (55). His conclusions supported Cecil’s,
ith the refinement that he divided his 200 consecutive

ases of RA into “early,” “established,” and “advanced.” A
lood culture showed growth in 48% of cases over all:
ost (65%) in early cases and least (26%) in advanced

ases. Streptococci were not recovered from normal or
steoarthritic controls. “A small percentage of staphylo-
occi and diphtheroids also appeared in these cultures, the
ignificance of which cannot be determined without fur-
her investigation.” Whether these were found together
ith streptococci was not stated. Most organisms were S.
iridans. The strains used in the agglutination tests were
ot reported. Titers did not closely correlate with the
lood cultures: 53 to 59% of the RA cases had a titer of at

east 1:640, while only 17% of OA cases had a titer as high

s 1:160 to 1:320. p
In their first serologic report, in 1931, Nicholls and
tainsby stated that 94% of 110 cases of RA had a strep-
ococcal agglutination titer of at least 1:640, while only
% of 79 cases of RF had a titer as high as 1:80 (56).
Agglutination reactions with the serums of patients hav-
ng various other febrile and nonfebrile diseases practi-
ally never gave titers above 1:320 with the “typical
train” streptococci.” Later studies gave agglutination re-
ults more in keeping with those of other laboratories. A
tudy of 560 cases of RA of at least 6-months duration
ound only 24% with a titer of 1:640� and 62% were
:80 or negative (57). Titers were unrelated to disease
uration. In 1946 a 1:160 titer was obtained in 60% of
ases in which type A hemolytic streptococci rather than a
typical strain” was used. Calculating from a list of pub-
ished studies of the agglutination reaction, excluding
hose from Cecil’s and Dawson’s laboratories, 68% of 902
ases of RA reacted with a significant titer.

Concurrently (1928-1929) with their RA studies, Ce-
il and colleagues performed blood cultures on 60 pa-
ients with acute RF using the same technique (58). Sixty-
wo percent of the patients were older than 18 years: 57%
ad had prior attacks of RF; 58% had a positive blood
ulture and this was unrelated to whether this was a first or
recurrent attack. All but 1 culture grew S. viridans, while
nly 1 of 66 control cases gave a positive culture. The
nvestigators concluded that analogies can be drawn be-
ween the findings in RF and the results in gonococcal
rthritis and “infectious arthritis.” Their theory of patho-
enesis resembled Nathan’s (43). “In both these latter
nfections a primary focus acts as a nidus for pathogenic
acteria which under certain circumstances break into the
loodstream and become localized in the joints where
hey set up metastatic infections. In a recent study of the
ole of the streptococcus in chronic infectious arthritis we
ave presented evidence which goes far to show that a
imilar mechanism is at work . . .. In both RF and bacte-
ial endocarditis green streptococci are circulating in the
loodstream. In the former disease many joints become
nfected. In the latter disease, though the bloodstream
sually contains more streptococci than are encountered

n RF, the joints remain free from infection. It is reason-
ble to suppose, therefore, that in RF the patient’s tissue is
llergic to streptococci, while in infectious endocarditis
he tissues are immune to these organisms. A state of
llergy toward the streptococcus, however, will probably
ot in itself induce the lesions or joint manifestations of
F without the concomitant presence of streptococci.”

oncerns About Contaminants

relatively small study was conducted at Boston City
ospital in 1930 using Cecil’s culture technique (59). Its

mportance was that these investigators concluded from
heir findings and the inconsistent results of other pub-
ished investigations that contaminants rather than

athogens were being analyzed.
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118 History of bacteriologic concepts of rheumatic fever and rheumatoid arthritis
Lichtman and Gross (New York, 1932) attempted a
ifferent approach to the question of whether the finding
f streptococci in blood cultures should be considered
athogenically significant (60). They reviewed blood cul-
ure results obtained during 4 1\2 years (1926-1930) at

t. Sinai Hospital. Nonhemolytic streptococci were ob-
ained in 8% of 188 cases of acute RF, 5% of 126 cases of
heumatic heart disease (RHD), 4% of 48 cases of RA,
nd 7% of 220 cases of 6 other diseases. Growth was
parse, and inconsistent in cases when multiple cultures
ere taken. Consequently the authors concluded that

uch bacteriologic results should not be considered of
athogenic concern, but did not state the organisms to be
ontaminants.

Archer, Cecil’s former collaborator, stated that “. . .
here is ample ground for skepticism regarding the actual
resence of streptococci in the blood and joints of patients
ith chronic nonspecific arthritis (61). The probability of

ontamination must be kept in mind . . .. [Other authors]
ound a correlation between the number of positive cul-
ures and the number of bacteria in the air . . .. The strep-
ococci were isolated from the air of the places where
ultures were made.” Currier McEwen (1902-2003) and
ssociates (New York University) reviewed publications
ertaining to the frequency of positive blood cultures in
ases of various arthritides to learn whether this might
ave some differential diagnostic value (62). Their own
ata showed 19% of cases of RA, 17% of RF, 15% of
onococcal arthritis, and 10% of osteoarthritis were pos-
tive. Fifty-eight percent showed growth in 48 hours and
. viridans was the most frequently identified organism.
hese investigators, like Lichtman, did not opt for the

xplanation that contaminants were being cultured, but
nly concluded that the frequency of positive cultures and
rganisms identified were of no diagnostic value.

In 1940 Cecil withdrew the data on blood cultures on
hich he had relied for more than a decade (63). He

peculated that “the pipettes were the most likely source
f contamination,” the streptococci coming from the
echnician’s mouth. This is unlikely since, unless different
echnicians consistently handled rheumatoid and control
pecimens, this explanation could not account for the
trikingly different results.

he Conflict Between the Laboratories of
ecil and Dawson

oon after the publication by Cecil and collaborators of
heir 1929 paper on “infectious arthritis,” Martin H.
awson (1897-1945) and collaborators (Columbia Uni-

ersity) initiated the same research (64). Their results di-
erged considerably from Cecil’s, as did their opinion
bout the relationship between RA and RF. While Cecil
onsidered RA a distinct disease, Dawson believed it to be
n a spectrum with RF. They pointed out the numerous

anipulations that were involved in Cecil’s culture tech-

ique, each of which could result in microbial contami- c
ation. They obtained 105 blood cultures from 80 cases
f RA, most of which were divided, so that 204 blood
amples were studied. These resulted in 58 positive cul-
ures, the majority being either a Gram-positive bacillus
r a staphylococcus. Three different microbes were also
ultured from 7 of 23 rheumatoid synovial fluids. The
ame techniques were performed on 31 samples from
ealthy donors, of which 4 specimens had growth. Con-
equently they concluded that bacteriologic techniques
id not yield etiologically significant results. Nevertheless
hey partially agreed with Cecil that “Rheumatoid arthri-
is, in the majority of instances, results from infection
ith Streptococcus hemolyticus. [But] no specific strain
f Streptococcus hemolyticus can be considered as the
ole etiologic agent.”

Although interpretations of their bacteriologic findings
iffered, the results of Cecil’s and Dawson’s immunologic
tudies more closely supported each other. The immuno-
enic potency of the streptococcal strains was determined
y immunizing rabbits with intravenous injections of
illed streptococci (65). Dilutions of rabbit immune se-
um were mixed with homologous cultures of strepto-
occi to assay the potency for agglutination. Once the
bility to agglutinate bacteria was demonstrated, fresh liq-
id culture of the live bacteria was mixed with dilutions of
A or control serum. The highest dilution that resulted in
gglutination was the titer that was recorded.

Dawson reported more control experiments than Cecil
nd concluded that Cecil’s “typical strain” of streptococ-
us was not an unique agglutinator (66). Most hemolytic
treptococci were agglutinated by rheumatoid serum.
mong control bacterial species R-type pneumococci

but not S) shared the agglutinating effect. A titer of at
east 1:160 was defined as positive and 70% of RA cases

et this criterion, while 38% met Cecil’s criterion of
:640. Among serologically positive controls there were
ases of lupus erythematosus, psoriasis, and 1 of 36 cases
f RF. The conclusion from these studies was: “There
ppears to be a relationship between the agglutinins for
emolytic streptococci in rheumatoid arthritis serum and
atural agglutinins for many bacteria present in the serum
f a wide variety of animal species.”

olution of the Etiology of Rheumatic Fever

n retrospect, Schottmüller had been correct in 1903
hen he associated hemolytic streptococci rather than S.
iridans with RF (24). Nevertheless, investigators who
elieved that RF is caused by 1 bacterial species accumu-

ated evidence for the next 30 years favoring the etiologic
ignificance of S. viridans. This had several mutually rein-
orcing explanations: (1) In studies of oropharyngeal cul-
ures S. viridans was obtained more frequently than a
emolytic streptococcus, although this finding was not
orrelated either with control subjects or with the phase of
he disease; (2) In animal experiments hemolytic strepto-

occi caused purulent, more rapidly fatal infections than
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T.G. Benedek 119
. viridans, and only the latter was perceived to cause a
isease that resembled RF; (3) Most clinical studies were
ased on blood cultures of patients without adequate con-
rols, so that it was not realized that nonhemolytic strep-
ococci are common contaminants.

In 1925 Homer F. Swift (1881-1953, New York)
learly enunciated facts that for some years continued to
e ignored: “ . . .(T)he etiologic agent of rheumatic fever
as not been demonstrated conclusively; nor has it been
ossible to reproduce in animals the characteristic clinical
r histo-pathological picture of this disease . . . (67).
any consider the disease to be due to the so-called Strep-

ococcus rheumaticus, which is really the nonhemolytic
treptococcus; but I do not think this opinion can be
nqualifiedly accepted. The endocardial vegetations and
yocardial lesions so characteristic of the disease known

s subacute bacterial endocarditis are also seen in animals
roperly inoculated with Streptococcus viridans. The
haracteristic lesions of rheumatic fever, namely, Aschoff
odies are not found in the hearts of either these patients
r animals. How then are we to regard the occasional
ecovery of nonhemolytic streptococci from the blood or
ross lesions of patients with rheumatic fever?” As was
hen commonplace, Swift did not consider bacterial con-
amination for the explanation.

The conceptual reorientation began with an epidemi-
logic observation by Alvin F. Coburn (1899-1975; New
ork, 1928) (68,69). He assembled a cohort of 100 chil-
ren who had had RF, from whose throats he made re-
eated cultures. He found that recurrences of RF followed
hroat infections that could be clinically insignificant.
hey were unrelated to the presence or absence of tonsils,
ut had in common the presence of hemolytic strepto-
occi. The second phase of his investigations began with
he knowledge that scarlet fever and RF were rare in
uerto Rico. He was able to bring a group of New York
F patients to Puerto Rico and observed that hemolytic

treptococci spontaneously disappeared from their
hroats. They remained healthy and free of hemolytic
treptococci for the 6 months in Puerto Rico, but soon
fter their return to New York the same bacteria recurred,
nd several of these patients had another attack of RF.

W.R. Collis (London), who in 1931 confirmed
oburn’s interpretation that hemolytic streptococci are

he pathogen of RF, suggested several reasons attention
ad been diverted from this organism (70): (1) Because of
he asymptomatic period between the throat infection
nd the onset of RF symptoms most cases reached a diag-
ostician when there was no sign of pharyngitis; (2) The
hroat culture then recovers no predominant organism;
3) The tonsillitis or pharyngitis may have given minimal
ymptoms or none; (4) Attention has been focused on
lood cultures during the acute phase of RF, that in the
inority of positive cases revealed a nonhemolytic strep-

ococcus. Implicit in this list is confusion between sub-
cute bacterial endocarditis that most often is caused by a

onhemolytic streptococcus, and acute RF. l
The initial recognition that hemolytic streptococci
ather than S. viridans have a critical role in the etiology of
F left doubts because, as it turned out, only certain im-
unologic types of hemolytic streptococci exert this ef-

ect. Three immunologic discoveries pertaining to strep-
ococci were made within a few years of each other, 2 of
hich contributed to the elucidation of the etiology of RF

nd 1 that misled regarding the etiology of RA.
Beginning in 1928, serologic techniques to differenti-

te streptococci were developed by Rebecca C. Lancefield
1895-1981) in Swift’s laboratory at the Rockefeller In-
titute (71-73). Initially groups were categorized based on
heir content of a specific carbohydrate. In 1933 she be-
an to subdivide group A into types using a precipitin
eaction. Specific types of group A hemolytic streptococci
ause RF.

In the 1930s several immunologic tests for hemolytic
treptococci were developed. The first was the “antifibrin-
lysin” assay. It was found that a culture of hemolytic
treptococcus would liquefy a fibrin clot made from blood
f a healthy person, but would do this more slowly or not
t all with a clot from someone with a hemolytic strepto-
occal infection, or who was convalescing from such an
llness. Walter K. Myers and collaborators (Boston) found
hat the reaction of normals and patients with RA or
onococcal arthritis was the same, but clearly slower in
ases of erysipelas or RF (74). A larger British study con-
rmed the principal findings. Ninety percent of sera from
ases of RA behaved normally (lysis within 51 minutes),
hile this was true of 40% of cases of active and 68% of

onvalescent RF (75). Erik Waaler (1937, Oslo) demon-
trated that the antifibrinolysin test did not differentiate
etween hemolytic and nonhemolytic streptococci, and
ound it to be erratically positive in adult RA patients
76).

Myers’s group made a skin test antigen from a scarlati-
al strain of streptococcus. This proved to be the least
iscriminatory (77). Tests elicited erythema in 95% of
ases of streptococcal respiratory tract infection, 77% of
ases of acute RF, and 70% of RA. Of controls that in-
luded cases of erysipelas and RHD, 44% were positive.
kin test results showed little correlation with agglutina-
ion reactions.

E.W. Todd, an associate of Lancefield, discovered that
antibodies develop to the streptococcal enzyme that

uptures red blood cells (78). He called them “antistrep-
ococcal hemolysin”: antistreptolysins “O” and “S” for
hort. In 1938 he found that the titer of antistreptolysin O
ASO) reliably indicates that there has been exposure to
emolytic streptococci (79). While it does not indicate
hat RF has occurred, lack of an increase in the ASO titer
s evidence against symptoms being due to RF. It replaced
he antifibrolysin test because it was less time consuming
nd more easily quantifiable.

Myers and Keefer performed ASO tests in various clin-
cal circumstances (80). They found a considerable over-

ap between the mean titers of the diagnostic groups and
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120 History of bacteriologic concepts of rheumatic fever and rheumatoid arthritis
he maximum normal titer of 200. Highest titers were
btained during convalescence from scarlatina. An aver-
ge of 6 tests were done in cases of RF. Seventy-eight
ercent exceeded the mean normal value, similar to 71%
f hemolytic streptococcal upper respiratory infections,
ut clearly more than 33% of cases of gonococcal arthritis
nd 23% of cases of RA.

Coburn defined 2 criteria as essential for a hemolytic
treptococcal infection to elicit RF (81): (1) Contrary to
he development of scalatina, which is evident very soon
fter the infection has occurred, there is an asymptomatic
nterval of several days before symptoms of RF appear; (2)
he development of an attack of RF is indicated by an

ncrease of the ASO titer.
Coburn’s conclusion of the unique pathogenetic role of

he hemolytic streptococcus met some resistance. The
ost influential opponents to Coburn’s views were May
. Wilson and her collaborators at Cornell University

82). From pediatric data collected during 1930 to 1932
hey concluded that no special etiologic relationship exists
etween childhood respiratory infections and the occur-
ence of RF, and they doubted that the presence of hemo-
ytic streptococci in the pharynx was diagnostically signif-
cant. Only 11.5% of RF recurrences were preceded by a
ocumented hemolytic streptococcal infection and in
4% of cases of RF there had been no symptoms of respi-
atory tract infection at all. Although one-half of strepto-
occal respiratory infections were followed by RF, these
ere identifiable by increases of the ASO titer. Thus she
rote in 1935: “ . . .while the occurrence of respiratory

nfections in a rheumatic child may not be a fortuitous
vent, it would seem to bear no more specific etiological
elationship to rheumatic disease than would be attrib-
ted to similar episodes occurring in a tuberculous child”
83). As of 1961 Wilson still was of the opinion that “As
et it has not been excluded that the frequent association
f streptococcal infection [with RF] may be temporally or
oncomitantly rather than causally related” (84).

Data that T.D. Jones (1899-1954) and J.R. Mote gath-
red in Boston in 1935 in part supported Wilson’s opin-
on (85). They performed throat cultures throughout the
ear on a large number of children. “Infections of the
espiratory tract preceded 58% of the first attacks of RF,
nd 2/3 of these were symptomatic sore throats.” The
requency of cultures containing hemolytic streptococci
as the same in children who were hospitalized with RF

23%) and healthy children who had frequent upper re-
piratory infections (25%), while this finding was made in
nly 13% of “ambulatory rheumatic patients living at
ome.” The investigators did not type the streptococci,
ut they serologically supported Coburn’s view. “Sero-

ogic evidence indicates that a hemolytic streptococcal
nfection was associated with most first attacks of RF,
hether or not there were preceding symptoms involving

he respiratory tract.”
Fritz Klinge (1892-1974, Leipzig) was an influential
nvestigator of the pathology of rheumatic diseases, whose l
iews were strongly regressive (86). “I am of the opinion
hat rheumatic manifestations should be conceived of as a
nitary, connected whole, of which the individual phases
re determined by the relative potency of the pathogenic
erm and the immunologic resistance of the body, both of
hich are variable . . .. “The trigger for the rheumatic
rocess was conceived to be a streptococcal infection that
ight be localized, as suggested by Billings. Klinge failed

o make a distinction between hemolytic and nonhemo-
ytic streptococci. “Today [1933] it is still unknown
hether every streptococcus is capable of initiating the

heumatic hypersensitivity reaction, or only a particular
train or group thereof. This question can hardly be an-
wered today because the stability of streptococci and
heir categorization into distinct types remains open.”
owever, he stated, seemingly paradoxically, “Since the

ypothesis of a specific rheumatic virus [pathogen] has
ot been proven by either bacteriologic or experimental
tudies, the theory of anaphylactic action . . . has initiated
xtensive experimental research.” RA is age-dependent
nd requires more chronic immunologic stimulation than
F. “ . . . persons with chronic or recurrent peripheral

heumatism [ie, RA] nearly always have recognizable signs
f having experienced . . . manifestations (frequently clin-
cally silent) of visceral rheumatism, especially fibrosis in
he heart, vessels, and serous membranes.”

In 1936 Dawson and Tyson in essence supported
linge’s views (87). “The two diseases are intimately re-

ated and possibly different manifestations of the same
rocess.” (1) Both occur within families, although this is
ore frequent with RF than RA. (2) Both occur mainly in

emperate climates and are rare in the tropics. (3) The
elationship between upper respiratory infections and RF
s acknowledged and “It is our belief that preceding infec-
ion of the upper respiratory tract constitutes one of the
ost important factors in the initiation of RA.” (4) The

easonal onset is similar in New York, peaking in March
ogether with the peak of hemolytic streptococcal phar-
ngitis. (5) While age of occurrence is quite different,
ardiac involvement is similar. It is uncommon in RA, but
lso becomes less common in older cases of RF. (6) There
s great histologic similarity in the subcutaneous nodules.
7) Agglutination reactions with hemolytic streptococci
ccur in the majority of cases of RA, but not RF. “These
ndings offer suggestive evidence in support of the con-
eption that infection by Streptococcus hemolyticus plays a
ole in the production of the disease . . .. In rheumatoid
rthritis serums, on the other hand, significant agglutinins
re present but the antistreptolysin content is not ele-
ated, except in early and active cases.” “It is possible that
hey may represent different responses to the infection by
he same agent . . ..” The pathologic evidence, represent-
ng a difference in degree rather than in kind, strongly
uggests that the two represent different responses to the
ame, or closely related, etiologic agents.”

Chester S. Keefer (1897-1972; 1935, Boston) pub-

ished an erudite review of the various theories about the
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T.G. Benedek 121
tiology of RA (88). He deemed “One of the strongest
rguments in favor of the infective theory of rheumatoid
rthritis is the presence of agglutinins and precipitins to
emolytic streptococcus in the blood serum.” However,
e made the prescient conjecture: “Are these reactions a
esponse to streptococcal infection or, secondly, are they
esponses to some process which gives rise to changes in
he blood serum which are capable of causing the serolog-
cal reactions observed?”

Allen D. Wallis (Philadelphia, 1946) proved Keefer’s
onjecture and thereby disproved that streptococcal ag-
lutinins have etiologic significance for RA (89). He first
oticed formation of a precipitate between “many” RA
era and saline, ie, control tubes that contained no strep-
ococcal antigen. Next he found that RA sera with a high
iter of streptococcal agglutinins also tended to aggluti-
ate unsensitized collodion particles. The streptococcal
nd collodion titers were not closely correlated, but were
irtually absent in nonrheumatoid sera. Finally he also
ound RA sera to agglutinate nonencapsulated pneumo-
occi to a higher titer than normal sera. Consequently,

allis concluded: “The serum of patients with typical
heumatoid arthritis thus appear to have the ability to
nhance serologic aggregations.” The significance of this
bservation in the development of the “rheumatoid fac-
or” has unaccountably been neglected (90).

A unique Swedish study of sera collected during 1947
o 1952 showed a higher frequency of “positive” anti-
taphylolysin (antibody against S. aureus) than ASO in
ases of RA (63 and 40%) (91). Contrariwise, in RF 85%
f ASO but only 14% of antistaphylolysin reactions were
ositive. These findings devalued the etiologic signifi-
ance of streptococcal antibodies in RA in another way
han Wallis had achieved.

herapeutic Evidence

hile the question of a streptococcal etiology of RA still
ersisted on bacteriologic and serologic grounds, it was
efinitively resolved therapeutically. When sulfanilamide
as introduced in 1936, it was found to be particularly

ffective against acute streptococcal infections. Conse-
uently, it was tried to treat acute RF, but found ineffec-
ive. However, Coburn and Moore found that pretreat-
ent of rabbits could prevent subsequent infection with

treptococci (92). Therefore, beginning in 1938, they be-
an to treat children who had had RF, many of whom had
HD, with sulfanilamide. Seventy-nine of 80 children
ad no recurrence during the period of observation. Caro-

ine B. Thomas and associates (Baltimore) confirmed the
rophylactic effect (93). Their entire cohort had had RF
t least 3 years before the investigation and 79% had
HD. The treated cohort received 1.2 g per day of sulfa-
ilamide by mouth, October to June. Four percent of
hem had hemolytic streptococci recovered in throat cul-
ures compared with 12% of untreated control cases. No

reated patients developed an RF recurrence during 79
erson treatment seasons, compared with 10% of 150
ntreated control seasons.
While these data were being gathered, Coggeshall and

auer (Boston) evaluated the efficacy of sulfanilamide in
onococcal arthritis and used cases of RA for comparison
94). Much larger doses were administered than in the RF
tudies. An average of 6 grams per day by intramuscular
njection given for 8 to 27 days had no effect in 10 cases of
A, but was curative in 14 cases of gonococcal arthritis.
hen penicillin became available, it was tried in RA be-

ore it was used in RF (95). The justification was: “The
lood of the majority of patients who have this disease
ontain antibodies against hemolytic streptococci, that is,
gglutinins, generally in high titer.” Ten men with an
verage duration of 7 months of RA were treated in the
S Army Rheumatism Center in 1944 with a total of 1.8

o 3.25 million units over 14 to 20 days without benefit.
Our results offer no support to the idea that hemolytic
treptococci may be etiologically related to RA. In view of
hese negative results with rather large doses (!) of penicil-
in it does not seem unreasonable to assume that RA is not
aused any of the bacteria which are already known to be
apidly affected by penicillin.”

ISCUSSION

he development of the understanding of RF was re-
arded particularly by the lack of recognition of the sig-
ificance and applicability of the 4 following discoveries:

. Meyer (19) (1902) concluded from clinical research
that causative bacteria need no longer be present when
symptoms of RF begin. This was finally appreciated by
Coburn in 1936 (81).

. Schottmüller (24) (1903) discovered that the ability to
cause hemolysis differentiates the pathogenicity of
some strains of streptococci and associated the hemo-
lytic streptococcus with scarlatina. However, since he-
molytic streptococci became associated with acute and
purulent infections, the chronicity and nonpurulence
of S. viridans was considered strong evidence in its
favor as the pathogen of RF if, indeed, the disease had
a single pathogen.

. The necessity of adequate controls in both clinical and
laboratory research was not recognized. This was dem-
onstrated by the general reluctance of investigators to
consider bacteria as potential contaminants in research
on both RF and RA. The blood culture results of Cecil
(52,53) and Gray and colleagues (55) appeared to pro-
vide convincing statistical evidence of a relationship
between streptococcal sepsis and RA. Cecil’s recovery
of streptococci from blood cultures in 62% RA versus
4% controls and Gray’s 48% versus 0 remain unex-
plained. Cecil’s eventual explanation of this error of
his laboratory was unpersuasive (63).

. Serologic investigations of streptococcal agglutinins in
RA were misinterpreted for 17 years, until Wallis (89)

studied bacterial agglutination with adequate controls.
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