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BACTERIOLOGIC STUDIES ON EXPERIMENTAL 
SCURVY IN GUINEA-PIGS* 

Leila Jackson and A. M. Moody 

From the Pathological Laboratory of St. Luke's Hospital, Chicago 

Various authors investigating diseases in laboratory animals affect- 
ing chiefly the skeletal system have ascribed to them an infectious 
origin. 

Murpurgo1 studied a disease occurring among white rats which produced 
most marked changes in the bones. Microscopically there was a rarefication 
of the bone substance, a broad zone of fibrous marrow replacing the normal 
bone and bone marrow with pigment, especially in the neighborhood of blood 
vessels, and in some cases islands of cartilage in the shaft of the bone, which 
the author was at a loss to account for unless they bore some relation to 
callus-formation following infarction. He says: "Ueber die Aetologie kann, 
nach den erfolgreich durch vier Reiheh von Ratten mittels den von jeder 
Reihe rein wieder gewonnenen Diplococcen ausgefeuterten kiinstlichen Infec- 
tionsversuchen wohl kein Zweifel obwalten." From the spinal cord, and later 
from the organs and bone marrow of a spontaneously diseased osteomalacic 
rat, he isolated a gram-positive diplococcus with a tendency to form chains in 
fluid media. With this organism he was able to produce rachitic lesions in 
young rats. 

Joseph Koch2 in the course of experiments with Streptococcus longus, injected 
intravenously into young dogs, observed after a considerable lapse of time 
hypertrophy of the bones, particularly at the epiphyseal and costochondral junc- 
tions, disproportionately large head and thorax, and marked changes in the 
teeth. Histologically there was an irregular line of ossification, a region of 
osteoid cartilage, between the cartilage and bone, and the marrow between the 
trabeculae of the spongy bone resembled the "gerustmark" of infantile scurvy. 

Pappenheimer3 describes the production of rickets in rats by the injection 
of a suspension of bone marrow from a rachitic animal. 

In addition to the experimental work of Murpurgo, Koch, and Pappen- 
heimer, there are two clinical studies, one by Ausset4 and another by Coplans,5 
which speak strongly for infection as the important etiologic factor in scurvy 
and rickets. 

Our work was undertaken primarily to determine whether certain 
small stained bodies seen in sections of scurvy lesions of guinea-pigs 
were bacteria. 

Scurvy was produced in the guinea-pigs by feeding whole milk and 

oats, hay, and water. The diseased joints, muscles, and lymph glands 
* Received for publication April 28, 1916. 

1 Verhandl. d. deutsch. path. Gesellsch., 1900, 3, p. 40. 
2 Centralbl. f. Bakteriol., R., 1913, 57, p. 250. 
3 Jour. Exper. Med., 1914, 20, p. 477. 
* Ann. de med. et chir. inf., 1904, 8, p. 289. 
5 Lancet, 1914, 1, p. 1714. 
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were ground up in a sterile chamber. Blood-agar-plate cultures and 
shake cultures in ascites-dextrose agar were made of this material. 
After 20 hours' incubation at 37 C. small greenish colonies were 
present in the plates, and small pinpoint-sized colonies in the shake 
cultures. (In our first cultures many staphylococcus colonies were 
obtained, which we now feel sure were contaminations as the develop- 
ment of a more careful technic practically excluded them from the 

growths.) We isolated organisms with many similar characteristics 
from the lesions in various parts of the bodies of 9 guinea-pigs having 
well-developed experimental scurvy. Six of these animals had been 
fed on milk, and 3 on oats, hay, and water. 

The organisms isolated were gram-positive with occasional gram-negative 
ones intermingled. They occurred in pairs and short chains and occasionally 
in tetrads and small irregular groups. As a rule they were small spherical 
cocci but in old cultures there was great irregularity in size and shape. On 
blood agar they first appeared as small pinpoint-sized greenish colonies with 
a narrow greenish zone of hemolysis, which in from 48 to 72 hours had a 
tendency to become clear. The entire diameter of the colonies and hemolytic 
zone varied from 1.5 to 3 mm. but was usually not more than 2 mm. 

Seventeen strains were tested for their acicT-preduction in various sugar 
media, made up of litmus broth and l7o each of one of 8 sugars, dextrose, 
lactose, maltose, saccharose, raffinose, mannite, inulin, and salicin. The reactions 
varied so that definite grouping by this method alone seems out of the question. 

Twenty rabbits and 19 guinea-pigs were inoculated in the circu- 

lating blood with these organisms. The rabbits were the more suscep- 
tible, altho only 1 rabbit died from the effects of the injection. Six 
were killed and examined and cultures made from some of the 
lesions and from the heart blood of 4. In every instance organisms 
microscopically and culturally identical with the ones injected were 
recovered from the lesions but not from the heart blood. The rabbits 
all showed signs of muscular stiffness especially in the hind legs. They 
did not move around to any great extent, and became more and more 
emaciated. The one rabbit which died lost 240 gm. in weight in the 
20 days following the injections. 

The characteristic lesions in all the rabbits examined were small 

hemorrhages in the muscles, especially near the tendons' ends, the 
muscle bundles being of a mottled yellowish-red appearance and show- 

ing marked friability. This latter condition was observed in the 
animals which had lived over a week or 10 days. Cultures were not 
made of tissues from animals killed under 10 days. Hemorrhages 
were found beneath the periosteum in the region of the lower incisor 
teeth and the acetabulum and ribs. The marrow near the ends of the 

long bones had definite macroscopic hemorrhagic regions. Since this 
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work is concerned with experimental scurvy in guinea-pigs, no further 
mention will be made of the results in rabbits. 

Of the guinea-pigs receiving single intracardiac injections, 10 
developed definite gross lesions. There were enlargements of the 
wrists, knees, or both, and cyanosis in the gums. The earliest that 
any change was noticed was 9 days after injection. Only 1 guinea-pig 
succumbed to the inoculation. 

Four guinea-pigs, 2 on regular diet and 2 on oats, hay, and water, 
received 7 subcutaneous injections of from 5 to 7 millions of living 
streptococci every 3 days. The animals all lost in weight. The two on 
oats, hay, and water died on the 20th and 21st days respectively. 
These had some lesions resembling scurvy, but mild as compared with 
those in 2 control guinea-pigs receiving the same diet but no injections. 
One of the pigs on the ordinary diet died on the 28th day with no gross 
evidence of scurvy. The other recovered. 

Complement-fixation tests were made on the blood of some of the 

scurvy guinea-pigs, with, as antigen, a streptococcus isolated from the 
first typical scurvy examined. There was apparently slight binding in 
the serum of the diseased animals, while the controls were completely 
negative. The blood of one animal inoculated subcutaneously had very 
strong complement-fixation properties. 

The joints and muscles from 2 guinea-pigs which a month pre- 
viously had received intraperitoneal injections of sputum treated with 
sodium hydrate, were cultured and in each instance one colony of 

streptococci, apparently similar to the one already described, was 
recovered. Strains of these organisms injected into rabbits and guinea- 
pigs produced negative results. Muscles from normal guinea-pigs 
when cultured were negative. 

We also made cultures from different parts of the small and large 
intestines in the diseased animals but failed to find the organisms 
looked for, probably because of other bacteria present. In the mouths, 
however, of both healthy and diseased guinea-pigs at least 50% of 
the bacteria belonged to the green-producing streptococcus group. 
Previous work by others had brought out this fact. Blood cultures 
were negative in every instance. 

Tissues were examined from 8 guinea-pigs injected intracardially 
with organisms recovered from the lesions of guinea-pigs suffering 
from scurvy produced by feeding milk; these included the knee joint 
from 6, the wrist joint from 6, the lower jaw frm 2, and the elbow 

joint 1. As might be expected in view of the fact that guinea-pigs 
affected with scurvy produced by abnormal feeding recover when 
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placed on a normal diet, the alterations in normally fed guinea-pigs 
injected intracardially with the organisms isolated from lesions of 
scurvy were much milder than those occurring in the condition pro- 
duced by feeding, but were of the same general character and were 
found in the same locations. 

Hemorrhages had occurred in the bone marrow, periosteum, and 
muscles but were less numerous and less extensive as were also the 
necroses. There was in some cases a very marked increase in the 
number of eosinophile cells. This was also frequently observed in the 
milk-fed pigs. Similarly the early changes were hemorrhages and 
necroses and occasionally there was evidence of thrombosis of the 
veins in the bone marrow of the long bones. Alterations in the bone 
marrow and periosteum of the maxillae were more conspicuous than 
those in the tooth pulp. Apparently these injuries heal rather rapidly 
and completely, as in guinea-pigs living from 80 to 90 days after 
inoculation about the only changes to be noted were those in the bone 
marrow. Indeed it would hardly seem possible with a single inocula- 
tion to produce lesions of any greater severity or of long duration with 
the animal living under normal conditions and therefore those most 
favorable for recovery. 

SUMMARY 

Bacteriologically, cultures of crushed tissue resulted in the isolation 
of a diplococcus of low virulence with a tendency to form chains and 

produce green on blood agar. 
Pure strains of these organisms inoculated into the circulation of 

guinea-pigs and rabbits living under ordinary conditions (a mixed diet* 

consisting of green vegetables, hay, and oats) gave rise in most 
instances to hemorrhagic and other lesions in the bones, joints, muscles, 
lymph glands, or gums. 

Streptococci of the same type as those injected were recovered 
from the lesions in these animals as late as 40 days after a single 
intracardiac or intravenous injection. 

Bacteria resembling the organisms described were frequently seen 
in the microscopical sections of the scurvy lesions. 

When animals, which had artificially received these streptococci in 
the circulation had their resistance kept high by proper feeding, the 
lesions produced did not have the same tendency to progress that was 
seen in animals receiving an unbalanced diet. 

Cultures of the heart blood from the affected guinea-pigs were 
sterile and passage of blood from an affected animal to a normal animal 
failed to produce the disease. 
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