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In a study concerned with immunity of mice to staphylococcal infection
(Ekstedt, references 1 ¢-1 ¢) it was observed that if newborn mice were in-
jected repeatedly with large amounts of a washed, autoclaved suspension of
staphylococci or streptococci, a number of the animals failed to develop nor-
mally. The phenomenon was strongly reminiscent of the classical “runt disease”
described by Billingham and Brent (2), who produced this syndrome by in-
jection of homologous spleen cells into mice immediately after birth. The
animals most severely affected by the vaccines also resembled those described
as developing ‘“‘wasting disease” following surgical thymectomy at birth
(Miller, reference 3).

In view of the importance of these phenomena to the concept of immuno-
logical tolerance and the current theories of antibody production, it was felt
that a description and documentation of our observations should be made.

Materials and Methods

Animals.—The mice used in these studies were the CF-1 strain obtained originally from
Carworth Farms, New York. They were maintained in our laboratory under ideal conditions
of temperature, humidity, and nutrition. Adult animals were mated, and the resulting litters
were cared for by the mother. In some experiments, JCR-Swiss strain mice, bred from stock
obtained from Charles River Laboratories, North Wilmington, Massachusetts, were used.

Antigens.—The diffuse variant of the Smith strain of Staphylococcus aureus described by
Hunt and Moses (4) was grown in brain-heart infusion broth (Difco Laboratories, Inc.,
Detroit) at 37°C for 18 to 20 hours. The cells were harvested by centrifugation, washed with
saline, adjusted to contain approximately 10'° organisms per ml of saline suspension, and
autoclaved at 121°C for 15 to 20 minutes. A strain (D24) of Group A, Type 30 streptococcus
was also grown and prepared for injection in a similar manner. Sterile brain-heart infusion
broth, prepared according to the directions of the manufacturer, was injected into some
animals as control. All vaccine preparations were checked for sterility prior to use.
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Treatment.—The animals were given intraperitoneal injections repeatedly every other day
of the week for a period of 3 to 5 weeks with 0.1 ml of the killed staphylococcal or streptococcal
vaccine or brain-heart infusion broth. The treatment was begun as soon after birth as possible,
usually within 1 hour. In some instances, when the animals were born at night or during the
weekend, the initial injection was not administered until from 8 to 24 hours after birth. The
effect of single injections of vaccine was not investigated.

The animals were weighed at intervals throughout their life and the weights were compared
with untreated control animals of the same age. Representative members of the treated groups
showing varying degrees of “runting” were sacrificed; the spleen, liver, kidneys, lungs, and
thymus were removed and weighed. The tissues were fixed in 10 per cent buffered formalin
embedded in paraffin, and sectioned at 5 . Hematoxylin and eosin were employed for staining

RESULTS

Fig. 1 shows three of the more severely “runted” animals from a litter which was
injected with the killed staphylococcal vaccine beside a normal animal of the same
age. The smaller animals had a mean weight of 3.5 gm at 4 weeks as compared with
normal uninjected animals which weigh 12 to 15 gm at this age. The runted animals
tended to be hyperirritable, and assumed a characteristic huddled posture at rest
which remained the same as they moved about. They appeared to consume adequate
amounts of food and water in a normal manner, and their size could not be attributed
to avitaminosis or undernourishment. The diet consisted of an unsterilized vitamin-
supplemented ration prepared for germ-free mice.

The development of hair in the runted animals was not particularly abnormal in
most instances, although an occasional animal showed a lack of hair growth, and in
one case a runted animal showed a conspicuous lack of hair growth and an eczematous
skin reaction. This animal was 2 weeks old and died shortly after the picture shown
in Fig. 2 was taken.

Not all of the animals receiving the vaccines were as severely runted as those shown,
and in two separate litters treated with the staphylococcal vaccine, the weights ranged
from 3.4 to 17.4 gm at 4 weeks. The susceptibility of litter mates, as well as different
litters, varied considerably. Under the same regimens of treatment the number of
runts produced varied from none to as much as 80 per cent of the litter. Variation in
the severity of the disease in affected animals was also marked. In one litter of 10
animals injected from birth with the killed staphylococcal vaccine, for example, the
body weights of the animals at 4 weeks of age were: 3.4, 3.5, 3.5, 7.5, 9.8, 10.0, 12.0,
12.5, 13.2, and 13.5 gm. This marked variation in susceptibility remains to be ex-
plained. Both male and female animals were observed to runt under appropriate con-
ditions, and the variation observed did not seem to be due to sex differences.

It was observed that the ultimate development of the animals receiving
the vaccines appeared to depend markedly upon when the initial injections
were started. In general, the most severely affected animals came from litters
that were injected initially within 1 hour after birth. Those litters that were
12 to 24 hours old before receiving the initial antigenic stimulus tended to
be less severely affected, and animals 24 to 48 hours old at the time of the
initial injection usually developed normally.
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In one experiment with a litter injected within 1 hour after birth, 8 surviving mice
at 5 weeks of age showed a mean weight of 9.6 = 1.0 gm. A separate litter born at the
same time but not started on its course of injections until 48 hours after birth showed
a mean weight of 17.2 £ 1.2 gm for 6 mice. The difference between the means was
highly significant (test = 4.96; P < 0.01).

Text-fig. 1 shows a graph of the mean weights for a group of animals which were
injected with the killed streptococcal vaccine compared with a group of uninjected
control animals. In this experiment, the injections were terminated at 3 weeks and
after an additional 2 weeks the treated animals showed a considerable gain in weight.
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Text-F16. 1. Comparisen of the weights of a group of normal mice and a group of strepto-
coccal-runted mice during and following termination of treatment at 3 weeks of age.
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The phenomenon of growth retardation did not appear to result in any permanent
damage to the animals. Following termination of the treatment, the runted animals
in most instances would gain weight and remain healthy and essentially indistinguish-
able from normal animals.

Litters which were injected with brain-heart infusion broth from birth with the same
regiment of injections as the vaccine-treated animals never showed any evidence of
runting and at 5 weeks of age showed a mean weight of 16.6 gm with a range of 15.1
to 17.2 gm.

As a result of the wide variation in the response of treated animals to the
bacterial vaccines, ratios of organ weight/body weight showed no significant
differences when compared with normal animals of the same age. This was
particularly true with the liver, kidneys, and spleen. In the more severely
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affected animals, however, the thymus ratios were 14 to Y4 of the normal
values.

Paper electrophoretic patterns of the serum from runted and normal animals
of the same age showed no marked differences either in total protein or in the
gamma globulin concentration.

Gross and Microscopic Pathology.—Gross observations at autopsy revealed no ap-
parent abnormalities except for the small size of the body and viscera of the majority
of the affected animals. The runted animal shown in Fig. 2 exhibited a generalized
scaly dermatitis and relative deficiency of hair. Histological examination of the skin
showed marked epidermal hyperplasia of the pinna, as can be seen in Figs. 3 a and
3 b. Hyperkeratosis was pronounced and the hair follicles showed increase in size and
number as compared to normal. Abdominal skin also showed similar changes.

Histological study of thymus tissues from runted animals showed a multilobulated
architecture with the periphery covered by a poorly defined connective tissue capsule.
Cortical and medullary zones could not be delineated and the cells constituting the
thymic parenchyma were pale and random in arrangement. Well defined epithelial
cells arranged in small acinar patterns were present. A few cells could be identified
as small and large lymphocytes, but most of the cells were epithelial in character. Foci
of small circular spaces containing a few pyknotic cells with acidophilic cytoplasm
were recognized as small Hassall bodies. Figs. 4 b and 4 4 show a section of thymus
from the runted animal pictured in Fig. 2.

In contrast, the thymus of a control animal is shown in Figs. 4 ¢ and 4 ¢. The ex-
ternal surface was covered with a delicate connective tissue capsule and the paren-
chymal tissue showed a clear-cut separation into cortex and medulla. The cortical
region was compactly filled with large lymphocytes while the medullary zone consisted
of large, pale epithelial cells forming a syncytia-like network. The epithelial cells were
usually surrounded by clusters of large lymphocytes.

A few poorly developed lymphoid follicles were present in the spleen of the runted
animal shown in Fig. 2. In longitudinal section, three foci consisting of aggregated
reticular cells were noted as shown in Fig. 5 b. Very few cells resembling mature
lymphocytes were present; nevertheless, occasional large lymphocytes were observed.
Fig. 5 a shows the spleen from a control animal for comparison. In an animal somewhat
less severely affected and weighing 5.6 gm at 4 weeks of age, malpighian follicles were
present although small in size. The follicles were arranged in a single bead-like strand
along the longitudinal axis of the organ. This tissue is shown in Fig. 5 c.

Lymph nodes could not be identified in runted mice. Peyer’s patches containing
lymphoid tissue were found in some of the runted animals but not in the runted animal
shown in Fig. 2. In spite of the obvious decrease in lymphoid tissue, this animal showed
52 per cent lymphocytes in a differential count from tail blood taken shortly before
the animal succumbed.

Histological examination of other organs from runted animals including lungs,
heart, kidneys, liver, and gut showed no significant variations from the normal.

Immunologic Response of Runted Animals.—As might be expected, no circu-
lating antibody could be detected in runted animals during the period of
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treatment with the bacterial vaccines. These determinations were carried out,
using either the capillary precipitin reaction with an ammonium sulfate frac-
tion derived from homologous organisms (Ekstedt, reference 1 ¢) as antigen,
or by a sensitive growth-agglutination test described by Boger, Frankel, and
Gavin (5). In the latter test the compact variant of the Smith strain of S
aureus was used as the antigen. Precipitating antibody could be detected in
surviving animals 2 weeks after termination of the injections, and at 1 month
1.0 ml of pooled mouse serum from surviving animals treated with the staph-
ylococcal vaccine gave 0.065 mg total protein precipitate with the ammonium
sulfate fraction from homologous organisms as antigen.

Further studies are in progress to assess the immunologic competence of
runted animals in rejecting heterologous skin grafts or in responding to other
antigenic stimuli.

Strain Specificity of the Runting Phenomenon.—In order to determine whether
or not the runting phenomenon elicited by injection of bacterial vaccines into
neonatal CF-1 mice was related to the strain of animal used, several experiments
were carried out, using the ICR-Swiss strain of mice. These animals also proved
susceptible to runting with the bacterial vaccines with about the same fre-
quency and variation in susceptibility as the CF-1 strain. It was observed,
however, that germ-free ICR mice bred and maintained in our laboratory
under carefully controlled conditions of gnotobiosis were much more resistant
to runting than conventional animals. In 7 litters of germ-free ICR mice
started on their course of injections within 1 hour after birth with the killed
staphylococcal vaccine, only one group showed slight evidence of runting.
This litter consisted of 8 animals surviving at 4 weeks. Of these, 2 weighed 8.1
and 10.4 gm, respectively, and the rest ranged in weight from 12.0 to 15.8
gm.,

These results suggested the possibility that in conventionally raised mice
natural antibody to staphylococcal antigens passively transferred through
the placenta to the newborn animals might play some role in the runting
phenomenon observed. Germ-free animals, although shown recently by Cohen,
Newton, Cherry, and Updyke (6) to possess some naturally occurring staph-
ylococcal antibodies, might be deficient in this respect. Accordingly, groups
of neonatal germ-free mice were treated with the killed staphylococcal vaccine
suspended in a 1:100 saline dilution of staphylococcal antiserum prepared
in rabbits against the whole cells. In the first experiment of this kind a litter
of 10 animals at 3 weeks of age showed a mean weight of 6.5 &= 0.3 gm. These
results suggest that antibody does indeed have some effect in inducing the
runting syndrome. Further study of the ability of other antigen-antibody
complexes to induce a similar runting response in neonatal animals is in prog-
ress.

The thought occurred to us that if there were antigens present in the mi-



800 RUNT DISEASE INDUCED BY STERILE BACTERIAL VACCINES

croorganisms which were similar to mouse tissue antigens, the possibility of
the animal developing tolerance to these antigens would be greater, and the
relation between tolerance and runting might be further clarified. High titered
antibody prepared in rabbits against mouse serum was reacted with 3 anti-
genic fractions from the Smith, diffuse strain of S. eureus. The fractions tested
included a teichoic acid fraction, a protein antigen (Jensen) (7) and a
crude ammonium sulfate fraction (1c). In this preliminary experiment no
cross-reactivity could be detected using a semi-micro precipitin test. These
studies are being continued, using more sensitive methods.

DISCUSSION

A severe, usually fatal disease in mice originally described by Billingham
and Brent (2) and termed “runt disease” by them, results from the injection
of immunologically competent cells into newborn animals. It has been postu-
lated that these transferred cells survive in the immunologically immature
host and presumably as a result of antibody production directed against host
antigens, the so called “graft versus host” reaction develops. A similar syn-
drome has been produced by Miller (3) by neonatal thymectomy of mice.
This phenomenon, called “wasting disease”, is similar in most respects to
runt disease. The most striking abnormality exhibited by these animals is
the marked atrophy of lymphoid tissues. This has been suggested by Barnes,
Luotit, and Micklem (8) to result in profound metabolic disturbances leading
to malformation of the animal.

Although a considerable amount of work has been reported dealing with
the graft versus host reaction (9-11), no direct experimental evidence is avail-
able to explain the mechanism whereby the antibody response of transferred
cells to host tissue antigens results in lymphoid depletion and runting. Circu-
lating antibody directed against host tissue has not been demonstrated in
runt disease (12).

The runting syndrome reported here, resulting from the strenuous anti-
genization of neonatal mice with killed bacterial antigens, requires further
speculation as to the mechanism involved in classical runt disease. It would
seem conceivable that such treatment might have the same effect, although
greatly magnified, as the postulated deletion of “forbidden clones” to self
antigens in the normal animal (13). Strenuous treatment with a mixture of
foreign antigens such as a bacterial cell, may result in the preemption of primi-
tive lymphoid tissues and in their ultimate destruction by some similar mech-
anism.

The possibility of an intermediary mechanism being involved in runting
must not be overlooked, however. Recently Schlesinger and Mark (14) re-
ported the induction of wasting disease in mice by the administration of cortisol
acetate. These investigators point out that the destruction of the thymus
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in classical runt disease may be due either to a graft sersus host reaction, or
to an increased adrenal cortical hormone level resulting from a graft-host
interaction. Some similar mechanism mediated by hormonal imbalance may
result from bacteria-host interaction in the neonatal mouse.

The report of Schlesinger and Mark (14) appeared during the preparation
of this manuscript. If our treatment resulted in a significant increase in secre-
tion of adrenal hormones this activity might be reflected in some change in
the organ. In reviewing the tissues from our runted animals, no evidence of
hyperplasia of the adrenals could be seen either grossly or microscopically.

Another method which has been reported to result in a form of runting in
young mice is that reported by Hotchin and Weigand (15). These investigators
showed that young mice injected intracerebrally with mouse brain suspensions
containing lymphocytic choriomeningitis virus developed a form of runt disease
with the usual accompanying abnormalities. In this situation again, the ani-
mals were being severely stressed by antigenization with foreign material.
The presence of a replicating virus in their material contrasts with the use of
killed bacteria in our system. This difference is more apparent than real,
however, since repeated injections of the killed bacterial vaccines were required
to elicit our runting response, while multiplication of the virus preparation
would ultimately result in a similar stress resulting from large amounts of
foreign antigen.

Rowe and Capps (16) have isolated a viral agent causing necrosis of the thy-
mus in new born mice. The possibility that the treatment of neonatal mice
described in this report has resulted in the activation of a latent viral agent of
this kind seems unlikely, however. In no case did thymus tissue from severely
runted animals show any evidence of necrosis or scarring; however, no effort
was made to isolate a viral agent from runted animals.

Another viral agent isolated by Stanley (17) has been reported to result in
retardation in the growth of suckling mice. This agent, called a hepatoenceph-
alomyelitis virus (HEV) and shown to be identical with reovirus, produced
jaundice, peritoneal exudate, ataxia, tremors, and paralysis. Histopathological
lesions were observed in the brain, cord, liver, heart, spleen, and lungs. None of
these symptoms or lesions was present in the runts induced by bacterial vaccines
reported here.

Recently Blaese, Martinez, and Good (18) reported on the immunologic
incompetence of immunologically runted animals and showed that mice under-
going the graft versus host reaction failed to form antibodies to T; bacteriophage.
They offer as one explanation of their results the possibility “that the rela-
tively limited number of injected parental cells might be totally committed to
the tissue antigens of the host, and by virtue of this commitment, incapable of
responding to third party antigens following establishment of this commit-
ment.” Whether a similar situation would obtain in animals runted with bac-
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terial vaccines as described here, remains to be determined. It is clear that
following termination of the strenuous treatment with the vaccine antigens
surviving animals are capable of recovery and do respond with significant
amounts of antibody directed against the homologous vaccine.

Aside from the possibility of a hormonal imbalance being responsible for the
results obtained here, the possibility still remains that in newborn, immunolog-
ically immature animals presented with large amounts of a mosaic of foreign
antigens, large numbers of lymphoid cells either destined to respond to these
antigens in later life, or as yet uncommitted may be deleted and removed from
the affected animals. Whether severe depletion of lymphoid tissues is the cause
or effect of runting cannot as yet be answered.

The observation that germ-free animals are much more resistant to runting
with bacterial vaccines, and the possibility of increasing their susceptibility by
injecting the organisms along with specific antibody has interesting implica-
tions. These results suggest that small amounts of antibody may be required to
complex with injected antigen and possibly trigger the destructive response of
susceptible lymphoid tissues.

A unifying concept must be sought to better understand the mechanisms by
which the diverse methods described above result in the runting of young ani-
mals. The graft versus host phenomenon, wasting resulting from surgical abla-
tion of the thymus, hormonal induction of wasting, and strenuous treatment of
neonatal animals with bacterial or viral vaccines all lead to a similar end result.
The observation in common with all of these phenomena is the profound atrophy
of lymphoid tissues and the marked decrease in normal growth of affected ani-
mals. Whether or not one is causally related to the other, and whether the
underlying mechanism in all cases is the same, remains to be determined.

SUMMARY

A form of runt disease has been produced in neonatal CF-1 and ICR mice
by the repeated injection of 10° washed, autoclaved, saline-suspended staphylo-
cocci or streptococci. The most severely affected animals showed a marked
decrease in lymphoid tissues and resembled grossly and microscopically animals
suffering from the classical runt or wasting disease described by others. The
timing of the initial antigenic stimulation was of importance, and animals
started on their course of injections at an age of 48 hours or older showed no
effect. There was a considerable variation in the severity of the disease within
litters and from one litter to another. This variation could not be ascribed to a
difference in susceptibility between sexes, since both male and female mice were
observed to runt under appropriate conditions. Germ-free ICR mice were much
more resistant to the runting phenomenon than conventional animals of the
same strain, but could be induced to runt by injection of the staphylococcal
vaccine suspended in homologous antiserum.
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The relationship of the runting phenomenon described here and classical
runt disease or runting by adrenal hormones is discussed.

We wish to express our appreciation to Mrs. Katheryn Slager for her excellent and devoted
technical assistance.
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EXPLANATION OF PLATES
PraTE 76

F16. 1. Comparison of three staphylococcal vaccine-runted mice with a normal

control mouse at 4 weeks of age. X 1.

Fic. 2. A severely affected staphylococcal vaccine-runted mouse at 2 weeks of age

showing the eczema-like skin reaction. X 3.5.
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(Ekstedt and Nishimura: Runt disease induced by sterile bacterial vaccines)



PraTtE 77

Fic. 3 a. A section from a small portion of the pinna of the runted mouse shown in
Fig. 2. The entire external ear was thickened. The epidermis shows moderate hyper-
plasia and hyperkeratosis while the hair follicles are numerous, hyperplastic, and un-
usually well developed. The cartilaginous plate, not seen here, is thick, irregular and
consists of loosely arranged cells with little or no matrix formation. X 200.

Fic. 3 b. A section through the pinna of a control mouse at approximately the
same age. X 200.
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F16. 4 a. Portion of the thymus of a normal mouse. Note the distinct arrangement
of cortex which consists of numerous dark staining lymphocytes. The medulla is pale
and shows loosely arranged reticuloendothelial cells, large lymphocytes, and blood
vessels. X 80.

Frc. 4 b. Almost the entire thymus from a runted mouse. The cortico-medullary
pattern is not present. The cells are irregular in shape and arranged in a pleomorphic
pattern. X 80.

Fic. 4 ¢. High-power magnification of normal thymus tissue. X 200.

Fic. 4 d. The dark, angular cells are difficult to classify, but a few distinct lympho-
cytes are seen. Several cyst-like structures containing large acidophilic cells with
pyknotic nuclei are recognized as Hassall bodies. The pale staining epithelial cells are
arranged in an acinar pattern. X 200.
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Fi16. 5 a. Normal spleen. Malpighian follicles are prominent and numerous. The
clusters of dark staining cells in the red pulp represent myeloid and erythrocytic cells
undergoing maturation. X 80.

Fi. 5 6. A section of spleen from the runted mouse shown in Fig. 2. Three small
malpighian follicles are seen. A careful survey of the spleen sections revealed very few
malpighian follicles. Note the dark staining hemopoietic cells of myeloid and erythro-
cytic series. X 100.

F16. 5 ¢. A longitudinal section of spleen from a moderately runted mouse. Note
single malpighian follicles arranged in a bead-like pattern. Megakaryocytes are seen
surrounding the follicles. X 200.

F1c. 5 d. Section of normal spleen. Malpighian follicles are prominent and numer-
ous. X 200.



THE JOURNAL OF EXPERIMENTAL MEDICINE VOL. 120

(Ekstedt and Nishimura: Runt disease induced by sterile bacterial vaccines)



