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THOUGH the joint changes of rheumatic fever are striking, the
cardiac lesions are even more important. Both the cardiac and
the visceral lesions may develop without any changes in the
joints, analogous conditions obtaining in the polyarthritis of
rats. In these animals the polyarthritic form of the disease is
that most commonly encountered, the disease being first noted
in the foot, then spreading up the leg, being first a mono- and
later a polyarthritis, spreading from one limb to another.

In our investigations it seemed as though some " arthro-
tropic " agent was at work in the early stages, but later there is
a partial or total cessation of the active joint changes though
the infective agent could be recovered from the joints, the
internal organs, or both. Certain cases occurred in which,
though the inoculation was made through the skin and the
joints escaped, the infective agent was nevertheless recoverable
from the internal organs as demonstrated by further animal
inoculation. The condition of these animals was regarded as
one of latent infection, since they showed no symptoms of disease
whatever.

Various other strains found in the spontaneous disease of rats
have been isolated and fully reported elsewhere. Variations were
noted in the proportion of animals which showed joint changes
after the inoculations with various strains, but the same strain
had always about the same proportion of joint lesions. It seems
reasonable to assume that each strain has a viscerotropic tendency
present in greater or less degree. The two tendencies correspond

* Received October, 9, 1939.
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to those noted in the hypothetical agent of rheumatic fever in
man, but the joint changes in the rat disease are very unlike
those seen in human beings.

JOINT CHANGES IN THE SPONTANEOuS DISEASE IN RATS
We here give a short review of the X-ray changes seen in the

rat following disease started in the foot. The animals were killed
and X-rayed at suitable intervals, but the bones are so small
that examination is difficult, and a magnifying-glass does not
overcome the distortion caused by the grain of the X-ray film.

The striking joint changes are quite Unlike anything seen in
man, for rheumatic polyarthritis in man is notable for the slight
X-ray changes. The soft tissues are swollen and the joint
space may be widened, but the appearance is otherwise normal.
With prolonged rest a slight atrophy may develop. In other
forms of arthritis, atrophy and bone destruction are striking.

In rats, from the beginning there is marked hypertrophic
change in the affected joints, with strong bony outgrowths from
the periosteum and grotesque exostoses resembling those seen in
neuropathic arthritis (Charcot's joints). These may appear in
as short a time as fourteen days. The hind-paws usually suffer
most, the tibia showing periosteal thickening and outgrowths
developing round the ankle joint, the bones here collapsing to a
formless mass. The thickenings and osteophytes may be seen
in the metatarsal bones and phalanges (see Fig. 3 and compare
with 1 and 2, which are normal).

Though the hind-limb suffers most, this is apparently not
due to the fact that the infection starts here, for the joint lesions
rapidly become generalised and the organs contain the infective
agent after a few days. It may be admitted that the local
trauma from the insertion of a cannula has provided a " locus
resistentiae minoris," in which a preponderating amount of the
infecting agent is located, but this factor must not be overrated.
Changes are seen in the joints of the fore-paw, periosteal thicken-
ings of the radius and ulna, and irregular deformity of the meta-
carpals and thickened phalanges (Fig. 4). The knees may be
attacked and show a picture resembling arthritis deformans.
In some cases a marked coxitis is seen in which the socket of the
joint is largely destroyed. This may cause a luxation (Fig. 5).
The elbow joints are not often involved (Fig. 6), but in a few
cases the vertebrae of the tail may be affected (Fig. 6). Hitherto
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THE RHEUMATIC DISEASES

no involvement of the shoulder joints or mandible has been
noted.

The changes described can rarely be demonstrated clinically.
The lesions in the tail seem to be independent of the site of the
inoculation. The changes seen may be described as a form of
hypertrophic osteo-arthritis resembling those seen in arthritis
of neuropathic origin.

CHANGES SEEN IN THE JOINTS AFTER INOCULATION OF HUMAN
MATERL&L

The strain chosen for this investigation was derived from a
patient suffering from rheumatic polyarthritis with pericarditis
and pleurisy. He died later, and the diagnosis was confirmed
post mortem. Twenty-four hours before death some of his
citrated blood was inoculated into the feet of ten white rats;
half an hour before death some pericardial puncture fluid was
inoculated into another ten rats, and ten minutes before death
another sixteen rats were given plantar inoculations of fluid
taken from the joints.

The first rat to show symptoms had been inoculated from a
joint, and this was killed after forty-nine days, having developed
a swollen joint. Further inoculations from it were made into a
series of thirty white rats. Only one of these showed any marked
swelling of the joints, and inoculation from it into another twenty
rats gave negative results. Another animal which had been
inoculated from the patient's joint also exhibited swelling of a
tarsal joint. This animal was killed on the ninety-first day, and
further inoculations from it were made into another ten rats,
which all developed joint swellings. This strain may be used
again and is known as the Oey joint strain.

Ten rats were inoculated with pericardial fluid, but only one
had swelling of the tarsal joints and this was somewhat atypical.
On the 102nd day further inoculations were made from it into
fourteen rats, some of which developed joint swellings which
were not very characteristic. On the 111th day further inocula-
tions were made with negative results.

The results of the blood inoculations are, however, of special
interest. Of the ten animals to which these were given only
one was made ill at the outset. Seventy days later re-inoculation
from this one was made into a series of thirteen rats in the foot.
All of these were markedly affected. On the seventy-seventh day
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a further inoculation was made from them into another ten rats,
which all became ill, and this strain may be carried further.
After an interval another animal in the series inoculated from
the blood was taken ill, and on the 102nd day re-inoculations
from it were performed into another fourteen rats, all of which
became ill and were used for further inoculations. This parallel
passage was certainly capable of further transmission (strain
Oey, blood 2).

It was thus possible to inoculate from one patient in three
different ways, once with joint exudate and twice with citrated
blood, and all three methods exhibited a relatively low proportion
of affected cases, the incubation period being unusually long with
a marked increase in virulence. There was no clinical difference
between the conditions which developed and the spontaneous
disease of rats, the method of spread appearing to be the same.

X-ray investigations were made in a series of white rats which
had been inoculated with joint fluid from a rat exhibiting joint
changes after inoculation with blood. The animal was killed on
the seventieth day (strain Oey, blood 1, passage 2). These
animals were killed at weekly intervals and X-rayed, while
animals suffering from spontaneous rat polyarthritis were used
as controls.

The marked increase in virulence in the second passage
was seen to be associated with a change in the nature of the
joint lesions; in Fig. 1 the slight joint changes on the seventieth
day are such as would be seen in human beings. Only the soft
tissues are involved and no bony change has occurred. But in
the second passage bony changes are noted and are similar to
those of spontaneous rat polyarthritis. By the seventh day
there is some bone atrophy, and on the fourteenth a marked
periostitis is noted, becoming later an osteo-chondritis as in the
rat disease. The changes become more marked in the following
weeks, and are quite like those of spontaneous rat polyarthritis,
the other extremities are involved and in six weeks an obvious
coxitis is seen. No other joint lesions were noted, but perhaps
the time for observation was too short.

On close observation one sees some slight differences between
the spontaneous rat disease and that developing after inoculation
of human material. In the latter the bone atrophy is more
marked throughout, while the hypertrophic and destructive
changes are not so evident. Nevertheless there is little real

5
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THE RHEUMATIC DISEASES

difference between the two syndromes, and the X-ray findings
definitely support the clinical impression of a close similarity
between the two conditions.

DISCUSSION OF THE RESULTS
It seems possible that the human disease is transmitted to

rats, but sources of error must be eliminated.
1. An endogenous origin of the disease in the inoculated rats

seems unlikely since white rats have not hitherto shown such
changes.

2. It is possible that a latent infection of the rats was lit up
by the inoculation material. Against this it must be noted
that in the course of numerous experiments no latent infection
of the white rat has yet been observed. No spontaneous disease
has been found, nor in the passages has such been seen to appear.
Tissue extract from apes and rats has been injected into many
hundreds of these animals without the development of morbid
changes. Inoculation with material from other human beings
did not cause any symptoms to appear. There is every reason
to believe that the white rats bred at the Eijkman Institute are
free from any spontaneous infection.

3. Transmission from contaminated syringes is impossible
since new and unused needles were used invariably.

4. Complete confusion of one condition with the other seems
unlikely, since several rats inoculated from the same patient
showed joint changes.

5. The possibility of an unknown carrier having transmitted
the disease is unlikely. Only animals in the cages directly
inoculated were affected, all those in other cages remaining free.
We could not even find evidence to show that diseased animals
could infect other healthy ones in the same cage; even direct
contact had no effect.

The spontaneous polyarthritis of rats first identified in Batavia
has been found in London by Findlay, Mackenzie, MacCallum
and Klieneberger in the rat colonies of three Institutes. There
were slight differences in behaviour in these, such as the discovery
that the condition could be transmitted to mice. The authors
mentioned that half-grown rats had a shorter incubation time
and larger animals a longer one, while full-grown rats were quite
resistant. We did not observe such points in our own rats. The
polyarthritis in the London rats appeared to be endemic, while
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no such disease prevailed in the Eijkman Institute. In the
latter no spontaneous outbreaks occurred and the adult animal
was not immune. The absence of such immunity is of interest
since this normally is found after the disease has run an obvious
or an occult course; for this reason it would appear that the
activation of a latent rat disease in our cases is most unlikely.
This is even more evident when it is remembered that attempts
to transmit other diseases from man and from monkeys and
other white rats have not caused any joint conditions to become
active.

Findlay claims to have identified organisms of the pleuro-
pneumonia group known as L7 in the endemic rat arthritis as
seen in London. Dr. Klieneberger informs me that she has also
grown the same organism from the rat polyarthritis strain from
Batavia. We have not repeated her work here as yet, as the
facilities are lacking and difficult to provide in the tropics. Other
organisms of the pleuro-pneumonia group are indicted as causing
arthritis in mice (Klieneberger 1936, 1938), both in the L7 and
L5 series.

Findlay has found a strain known as L6 in the brain of normal
mice which is capable of producing arthritis, and Sabin reports a
similar L5 strain having similar effects.

Pigoury has found a pleuro-pneumonia organism which he
considers responsible for the agalactia of goats, and in 10 to 20
per cent. of these cases arthritis develops.

We see then that in a whole series of cases there is an organism
of the pleuro-pneumonia type. The rat family has possibly
a special sensitivity to this type of organism, and it might be
thought that the Oey strain was one of human rheumatic fever
which had been transmitted to the rat.

It is interesting to note the initial slight virulence and the
later greater degree thereof after the second passage, though this
is commonly seen. It occurs in relapsing fever when inoculated
from man to mice, and in the series first inoculated there is very
rarely relapse, but in subsequent inoculations the typical course
is run.

Organisms have been found in pleuro-pneumonia which can
excite polyarthritis, and similar organisms can be found in
cases of arthritis in human beings and in rats. It is reasonable
to suggest that the same strain may be found in human beings
and in rats. We have hitherto suggested that the pleuro-

5*
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pneumonia-like organisms are themselves responsible for the
appearance of the disease, but this is not quite proven. Such
have been found by Seiffert and Orskov and by Laidlaw and
Selford in all sorts of places and all sorts of dirt. They have
likewise been identified in normal animals.

It is also possible that the organisms resembling those of
pleuro-pneumonia convey a virus which can be grown in tissue
cultures. This is a characteristic peculiar to the exciting
organisms of arthritis.

SUMMARY
Spontaneous arthritis of rats is a hypertrophic osteo-arthritis

which may attack all joints in varying degree. The marked
degree of hypertrophy is uncommon in man and resembles the
gross changes seen in tabes and syringomyelia. When material
from a patient with rheumatic polyarthritis had been inoculated
into rats there was noted in the second transmission (passage)
a clinical and X-ray picture indistinguishable from that seen
in spontaneous polyarthritis of rats. The possibility of a true
transmission of the human disease to the rat is discussed.
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