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Abstract:

Eksted and Nishimura (1964) reported that a wasting syndrome was induced in neonatal mice by the
repeated injection of heat-killed bacterins containing either streptococci or staphylococci. The
experiments reported in this paper were designed to establish an etiology for the syndrome.

The bacterin preparations were made according to the procedure of Ekstedt and Nishimura (1964).
Generally, Swiss mice were given intra-peritoneal injections of a particular bacterin every other day for
30 days, and the first injection was given 24 hours after birth. Failure to gain weight normally during
an observation period of 30 days was the major criterion of wasting.

Mice injected with a total dose of 3 X 10 10 Group A, type 30, streptococcus bacterin were observed to
waste and dosages of two and four times greater caused an increase in the severity of the wasting
process and death was commonly observed. A systemic bacterial infection was present in mine
receiving the higher doses of Group A, streptococcus bacterin.

Mice injected with Streptococcus faecalis or Bacillus cereus bacterins showed only very slight wasting.

Mice injected with a bacterin made of Escherichia coli had an average weight of only 10.18 grams at
30 days whereas normal and stress control mice had an average weight of 18.91 grams and 16.32 grams
respectively. Cultural studies revealed no E. coli in tissues and organs. Wasting in mice was observed
to be less severe when the first injection of E. coli bacterin was given 96 hours and 72 hours after birth
than when given at 48 hours.

Mice receiving a total dose of 3 X 10 8 heat-killed Salmonella (0 somatic group B) failed to waste,
however, mice receiving a total dose of 2 X 10 9 showed signs of wasting. Salmonella (0 somatic
group B) was not isolated from the intestinal contents of these mice.

In conclusion, the above results support the concept that neonatal mice receiving repeated injections of
bacterins become immunologically unresponsive to the antigens found in the -bacterins. The reduced
immunologic capacity on the part of the host in turn leads to a wasting syndrome caused by the host's
normal flora which contain the same antigens as the bacterin.
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ABSTRACT

Ekstedt and Nishimura (1964) reported that a wasting syndrome was
induced In neonatal mice by the repeated injection of heat-killed bacterimns
.containing either streptococci or staphylococci. The experiments reported

» in this paper were designed to establish an etiology for the syndrome.

The bacterin preparations were made according to the procedure of
Ekstedt and Nishimura (1964). Generally, Swiss mice were given intra-
peritoneal injections of a particular bacterin every other day for 30 days,

- -and the first injection was given 24 hours after birth. Failure to gain
- weight -normally during an observation period of 30 days was the major
crlteWion of 'wasting.

Mice injected with a total dose of 3 X 10 10 Group A, type 30,
streptococcus bacterin were observed to waste and dosages of two and four
+times greater caused an increase in the severity of the wasting process and
death was commonly observed. A systemic bacterial infection was present
in mice’ receiving the higher doses of Group A, streptococcus bacterin.

Mice injected with Streptococcus faecalis or Bacillus cereus bacter-
ins showed only very slight wasting.

Mice injected with a bacterin made of Escherichia coli had an average
weight of only 10.18 grams at 30 days whereas normal and stress control
- mice had an average weight of 18.91 grams and 16.32 grams respectively.
Cultural studies revealed no E. coli in tissues and organs. Wasting in
mice was observed to be less severe when the first injection of E. coli
-bacterin was given 96 hours and 72 hours after birth than when given at
48 hours.

Mice receiving a total dose of 3 X 108 heat-killed Salmonella (O
somatic ggoup B) failed to waste, however, mice receiving a total dose
of 2 X 107 showed signs of wasting. Salmonella (O somatic group B) was
not-isolated from the intestinal contents of these mice.

In conclusion, the above results support the concept that neonatal
mice ‘receiving repeated injections of bacterins become immunologically
*-unresponsive to the antigens found in the bacterins. The reduced immuno-
logic capacity on the part of the host in turn leads to a wasting syndrome
caused by the hostls normal flora which contain the same antigens as the
bacterin; '




INTRODUCTION

Wasting syndromes can be produced by thymectomizing newborn animals
“(post-neonatal thymectemy syndrome) (Miller, 1962), or by the injection -of
newborn mice with allogenic'lymphoid cells (runt disease) (Billingham and
Brent, 1959), cortisol (Schlesinger and Mark, 1964), estradiol (Thomp§oﬁ
-and Russe, 1965), or multiple doses of certain bacteérins (Bkstedt and’
*Nighimura, 1964). A similar disease can be produced in F, hybrid mice‘b§
the injection of parental lymphoid cells (wésting,disease) (Schwartz, Upton,
“and Congdon, 1957) and by the establishment of allogeneic radiation chimeras
“ in adult inbred mice (secondary disease) (White, 1958). The diseased
animals exhibit a wasted appearance, ruffled fur, diarrhea and, in many
cases, die from the disease. A striking pathological feature of these
syndromes is a diminution or loss of lymphoid tissue and immunological
competence,‘ |

Trentin (1957) propesed the name "homologous disease' to cover all the
complications arising from a graft-versus-host reaction (GVH-reaction)
occurring as the result of a successful transplantation of homolqgous
lymphoid célls to immunologically unresponsive hosts. "Runt diseasel,
Usecondary disease", and "wasting disease'" all fall under the general cate-
-»gory of "homologous disease'.

The ultimate cause of death in mice affected with "homologous disease'™
has not been eptirely elucidated., It has been generally concluded thaf .

- cells vital to the life of the animal are destroyed by the grafted‘lymphoid
cellé;' The capacity of macrophages and lymghocytes to kill a variety of'
target cells has been conclusively demonstrat;d both in vivo (Weiser,

Granger, Brown, Baker, Jutila, and Hqlmes, 1965) and in vitro (Granger and




Weiser, 1964).
The possibility that infection representing a complication of thé GVH-

reaction as contributing to the death of wasted animals has been investi=

-gated by numerous workers. Denko and co-workers (1959) made a histologic

study of irradiated CF 1 and DBA/2 mice given bone marrow cells of the“

other strain in order to investigate the nature of late deaths that

“occurred after irradiation recovery. They found that in many instances the -

mice died of pneumonia, necrotizing and infected livers, and othér infections.

Nowell and Cole (1959) attributed the death of non-irradiated adult hybrid

- mice injected with parental spleen cells te an acute infection present in

all injected animals. Van Bekkum, Vos, and Weyzen (1959) found that- the
prevalent pathological coﬁdition in irradiated animals transplanted with
allogeneic lymphoid cells was colitis associated with other infectioms.
Simonsen (1957) suspected an infectious process as the baéis for death in
chickens experiencing a GVH-reaction. However, he reported that exhaustive

bacteriologic studies gave negative results. Safford and Jutila (1965)

. immunized female C3H mice against endotoxins of Escherichia coli and

Sélmonella typhi or formalized cells of E. coli, S. typhi, §; paratyphi A,

and S. typhimurium. They found that whereas all of thg offspring of non-
immune mice died of the runting syndrome, many offspring of females
immunized with bacterins or with endotoxins failed to die of runt disease.
Howard (196la) fouﬁd that the GVH-reaction was associated with a'éonc
siderable rise in phagocytic activity towards intravenously injected India
ink. The activity was greatest two weeks after injection of the particles.

Cooper and Howard (1961) found a similar increase in the phagoecytosis of live




.12 days after the onset of the GVH-~reaction. Significantly, HéWard'an&~-

" tomy wasting syndrome" (McIntire, éell, and Miller, 1964). The thymec-

- ruffled fur, hunched posture, diarrhea9 and death. A marked involution of

3

Diplococcus pneumoniae and Salmonella typhimurium injected intravencusly

Woodruff (1962) found that the formation of agglutinins to Salmonella typhi

H antigen was depressed when the bacterial antigen was administered 19 da&s
after the injection of the GVH-reaction. Howard (1961b) observed that

resistance to Shigella dysenteriae type I endotoxin is markedly decreased

in runt disease although the resistance to the live bacteria was increased.
Other investigators (Howard, Biozzi, Halpern, Stiffle, and Mouton, 1959)
have reported that stimulation of the reticuloehdotheliél system in mice

by Mycobacterium tuberculosis (BCG) infection coincides with a profound

lowering in resistance to the lethal effect of endotoxin from gram-negative
bacteria. These results suggest that in some forms of "homologous disease™
endotoxins may contribute to the pathologic picture and death of the
diseased animals.

Research has led to the discovery of other syndromes which share a
common patholegical picture with "homologous disease" but which differ in
that no GVH~-reaction is involved. Miller(1962) found that the thymectomy
of infant mice was associated with significant mortality between one and

four months of age. The syndrome is known as the "post-neonatal thymec-

tomized mice developed a syndrome characterized by wasting, lethargy,

the lymphoid tissue is also characteristic of this syndrome. Evidence
favors the concept that the thymus is responsible in the development of

immunological maturity in mice and that early extirpation of the organ




severely impairs that maturity (Miller, Marshall, and White, 1962).
Wilson; Sjodin, and-Bealmear (1964)-demonstrated that mice"did not waste
after neonatal thymectomy if kept in a germfree sta‘te° They suggest*thgt
the primary factor in the pathoéenesis of the "post-neonatal thymectomy
wasting syndrome™ may be an infectious agent or its product to which
neonatal thymectomized mice are susceptible because of their reduced
immunoiogical capacity. Azér (1964) found that there was a significantly
higher incidence of bacterial infections and wasting in neonatally thymeé—
tomized rats than in sham-operated controls. In all instanées of wasting
he found efidence of chronic¢ infection and that the incidence of sepsis
and wasting was considerably reduced in rats treated with oxytetracycline.

Thompson and Russe (1965) induced a wasting syndrome in mice by
injecting newborns with estradiol. These workers described the disease as
feminiscent of "runt disease". They found that the mice which died had an
absence of peripheral lymph nodes and a five fold reduction in thymic
weight. The surviving mice had only half the lymphocyte count as the
surviving litter mate contrels.

Schlesinger and Mark (1964) reported that a single iﬁjection of
cortisol acetate into young mice induced a wasting syndrome similar'to
that observed in "runt disease™. Adrenal corticosteroids are known to
causé lymphoid depletien and severely affect immunologic functions. It
has been shown that antibiotics significantly prolonged the life and
reduced the wasting of young rats treated daily with massive doses of
cortisone (Stoerk, 1953)., Reed and Jutila (1965) found death in micé

following the injection of cortisol acetate was markedly reduced in a germ-




free environment.

Recently, Ekstedt and Nishimura (1964) produced a form of runt or
wasting disease in neonatal mic¢ by the repeated injection of heat-killed
- bacterins containing either streptococci or staphylococci. The wasting
was characterized by failure to gain weight normally and the animals were
hyperirritable and assumed a characteristic huddled posture. A few
animals demonstrated a deficiency of hair growth and a scaly dermatitis.
Histological studies of the wasted animals showed an epidermal hyperplasia
of the pinna and that the certical and medullary zones of the thymus could
not be delineated. There was also an obvious decrease of lymphoid tissue
in the wasted mice.

Ekstedt and Nishimura (1964) observed that germfree mice treated with
staphylococcal bacterin were much more resistant te wasting than conven=
tional animals. They suggested that in conventionally raised mice,
natural antibody to staphylococeal antigens passively transferred through
the placenta to the newborn amimals might play some rele in the wasting
phenomenon observed in mice treated with staphylococcus bacterin. They
further suggested that bacterin-induced wasting was not observed in their
germfree control mice because germfree animals might be deficient in
natural antibodies. In supporit of their hypothesis they observed wasting
in 10 germfree mice injected with a killed staphylococcal vaccine sus-
pended in a 1:100 saline dilution of staphylococcal rabbit antiserum.

The'above workers postulated an anaphylactic mechanism for staphy-
lococeal bacterin-induced wasting. However, it is possible that following

the development of immunologic unresponsiveness to staphylococci much or




.all the pathology and subsequent wasting of treated mice results froq
either the invasive or toxigenic properties of staphylococci or otheff .
organisms that possess cross reactivi%y with staphylococci and ‘which are
- found in the normal flora of mice. The purpose of the present investigé—
tion was three fold: to reproduce Ekstedt's and Nishimura's findings oﬁ
"~ the dévelopment.of wasting in neonatal mice glven repeated injections of
Group A; type 30 streptococcus; to extend these observations to other
bacterins prepared from organisms isolated from the intestinal tract of
suckling mice; and, finally to attempt to establish an etiology for the

disease.




' MATERIALS AND METHODS

A, Experimental Animals

Newborn of conventionally reared and germfree Swiss mice were used in
most of the studies. The micé were originally obtained from the Manor -
Farms, Staatsburg, New York in 1964 and were maintained by random colony
Qreeding° In one experiment, inbred mice qf the A/jax strain were used.
Conventionally reared mice were fed Purina Laboratery Chow and water ad

libitum. Autoclaved Purina Laboratory Chow (Special Formula) 5010¢ was fed

" to the germfree mice. The experimental litters were appropriaﬁely toe-

marked and observatiens were made on them every other day.

B. Preparation of Bacterins

Bacterins were prepared from broth cultures of a strain of Group A,

type 30 .streptococcus, Salmonella (O somatic group B), Escherichia coli,

Streptococcus faecalis, and Bagillus cereus. The type 20 streptococcus

was obtained from the American Type Culture Collection (D-24). Bacillus
cereus was obtained from a stock culture maintained at Montana State Uni-
versity. Cultures. of Salmonella (0 somatic group B), E. coli, and

S. faecalis were isolated from the intestinal contents of 15-day old Swiss

i
¢

mice. ! '
Bacterins were made of each'of the abbve bacteria by the procedure
described by Ekstedt and Nishimura (1964). Pure cultures of the organisms

were inoculated in brain-heart infusion broth (Difco Laboratories, Inc.,

‘Detroit) and grown at 37 C for 18 te 24 hours. The cells were harvested

. by centrifugation in a model HR-1l International Centrifuge at™ 5000 r.p.m.

“using a number 856 head. The cells were washed twice and resuspended in




-~ 25 ml of saline. The number of cells in the suspension was estimated by-
the use of a hemacytometer. The suspension was adjusted to contain approxi-
mately 10 billion organisms per ml of saline. The final suspension was :
poured into 30 ml vaccine bottles, corked with' rubber stoppers, and aut6=
¢laved at 121 C for 20 to é5 minutes. Prior to use, all vaccine prepar%m
tions were checked for sterility Ey inoculéting one ml of the preparations
into brain-heart infusion broth and incubating at 37 C for‘four or five

days.

C. Method of Producing "Wasting Disease™ in Newborn Mice

Most of the experimental litters were ;tandardized to contain eight
mice. In most instances, the mice were given intraperitoneal injections
of a particular bacterin every other day for 30 days, and the first
injection was given within 24 hours after birth. In some expériments the
injection schedule and dose of bacterin were varied. In all experiments,
0.1 ml of a given concentration of bacterin was given for the first fiwve
injections. Thereafter, the mice were large enough to receive 0.2 ml of
a particular concentration of baéterino A few litters were injected with
‘brain-heart infusion broth.

All mice were weighed every other day during the course of the experi-
ment and their weights were compared with untreated control animals of the

-. same age. All deaths occurring in experimental litters within 10 days
after birth were considered due to trauma or maternal cannibalism'and=we£e
not included in the results. Mice were selected from a few of the experi-

mental'groups and were sacrificed for bacteriologic studies.




b. Criteria of Wasting

Failure to gain weight normally during an observation period of 30
days was the major symptom .of wasting. The wasteéd animals assumed a ~
characteristic hunched posture at rgét and walked with a high steppiné
gait. Occasionally the mice exhibiteg diarrhea, lethargy, suppurative

lesions, and, in some instance, died.

E. Bacteriology

Mice expériencing symptomé of wasting disease were sacrificed and the
liver, heart blood, spleen, and intestinal contents were cultured on blood
agar, eosin methylene blue agar, thiogel medium, phenylethyl alcohel
- mediumyand S S agar. The cultures were incubated aerobically at 37 C and

observations for growth were made at 24 and 48 hours.

F. Germfree Techniques

Stock gérmfree Swiss mice were maintained in Trexler flexible film
isolator chambers (Snyder Labo;atorieéé New Philadelphia, Ohio). The units
were housed in a clean room equipped with an entry room and a temperature-
regulating dev;’.ce.° Surgical gowns, masks, ané caps were donned for entry
- and work in the germfree room.

A stock solution of 40% peracetic acid (F.M.C. Corporation, Inorganic
Chemicals Division, New York 17, New York).diluted to 2% with double
distilled water containiné sodium alkylarylsulfonate (1g/li£er) was used
for'steriliziﬁg Trexler germfree ﬁnitso The units received 1.5 liters of
2% peracetic acid which was introduced with a Trigger Teejei Spraying

System (5870) powered by a General Electric pump at 15 pounds pressure. .




10

The ~units were bperated for 24 hours to free them of peracetic acid‘before
.admitting germfree miéea'

A feed with a high vitamin ceontent was used (Purina 5010C) for main-
taining germfree mice. Feed pellets were coated with talcum powder to
‘prevent them from sticking together during sterilization. The feed ‘was
-« plaeed in double small paper sacks and sealed with autoclave tape. Thé
- feed ‘was subjected to a vacuum for a half heur, sterilized at 121 C for a:
ﬁalf hour, and again vacuumed for twenty minutes. . It wasApresumed'that the
- first -vacuuming served to evacuate deep seated air pocketé which theﬁ
increased the efficiency of steam sterilizatien within the pellet. The
second vacuuming simply served to dry the pellets and the paper wrapping.
Prolonged sterilization apparently lowers the vitamin content of the feed
and renders the feed unpalatable to the mice. Because of the short time
of sterilization the feed was always assayed for sterility before it was
used by placing entire’feed pellets inte thiogel; brain-iiver-heart semi-
solid agar, and cooked meat phytone media.

The cage bottems, cage tops, and animal-drinking vessels were doubly
wrépped with paper and auteclaved. TFor these items, the autoclave was
- vacuumed a half hour, brought to 121 C for three hours, and firally
. vécﬁumed for a half hour. Sawdust bedding was placed in double paper sacks
- and -autoclaved as above exceft that it was sterilized again a week later.
Water was sterjlized in 800 ml glass bottles by autoclaving for threé
hours at 121 éi | |

Packages or bottles éontaining sterile materials were placed in the

germfree unit and sprayed with 200 ml of 2% peracetic acid. After
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spraying;- the items were allowed to stand in the entry port over might. -
This: procedure served to sterilize the outside surface of the packages or
bottles. After 12 hours the inside cap was removed and the sterile
Ematerials were brought into the maiﬁ chamber., At the same time, animal -
© waste material, empty bottles, or emgty packages were placed in the entry
port for removal from the unit.
Experimental germfree work was earried out in a smaller tetrahedron
unit recently developed by Snyder Laboratories. The experimental unit
- differed from those used to maintain stock mice in that it was smaller and
- -equipped with very thin gloves so that more delicate work could be per~ﬁ:
formed., Thé experimental unit was supplied with a scale for weighing mice9
forceps, syringes, needies, and a vaccine in addition to the basiec materiéls
found in the stock unit. -
The following procedure was used to transfer germfree mice from the'
stock unit to the experimental unit. A sterile two liter'Erlenmey;r flask
was brought into the stock germfree unit. Two pregnant mice were placed
in the flask and the flask was then‘corked tightly. The flask was brought
out of the stock unit and placed into the entry port of the experimental
unit. Since the‘oxygen in the flask is limited, the mice had to be
.- ‘brought into the main chamber within 35 minutes. To compensate for the{
laek of sterilization éi@e in the entry port, 4% peracetic acid was used

instead of 2%.




RESULTS

As 'The effect of litter size on weight-gain of untreated mice:~ -

- The weights of untreated newborn Swiss litters containing seven, eight,
-or ‘nine - mice were followed for 30 days in order to determine the efféct -of
. litter 'size on growth rate. The results shown in Figure 1 indicate that

«mice'iq‘larger litters gain weight less rapidly than young mice in-sﬁa@i
~Iitters. Each curve reflects the average weight éf one litter of Swisé”f
-mices Because of the effect of litter size on weightegain, it was decided
to--standardize the number of mice in all experimental litters to eight. . An
average weight curve of 48 untreated mice was prepared for comparative

purposes.

B. The effect of injection-stress on weight-gain. of newborn
Swiss.mice. i ’

The injection of protein-rich media into mice produces a severe stress
reaction presumably through the agency of an anaphylactoid reaetion. To
fest the effect of stress on weightmgaip9 newborn Swiss mice were repeated-
1y injected with a velume of brain-heart infusion broth cémparable'to that
used for mice injected with bactérins° It can be seen in Figure 2 that the
injection of media initially retards the growth rate of young mice,
Thereafter the mice gain weight -at the same rate as untreated mice and
- .appear mnormal at day 30, The differences in average weight between uzne
treated and stress control mice will be referred to as thg streés faetor
- -hereafter. Thése results differ from those of Ekstedt and Nishimura (3:964)

who reported no effect by treatment with broth.
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Figure 2. Average weight-gain of three litters of Swiss mice
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C. The production of wasting disease with bacterins
prepared from gram-positive organisms.

l. Wasting disease induced with Group A, type 30. streptococcus bacterins.

The experiment was designed to repeat the observation that Group‘A;
type -30 ‘streptococcus bacterin could produce wasting disease in mice as
originally described by Ekstedt and Nishimura (1964). The experiment
differed from that performed by these workers in that the concentration
of bacterin used was increased two fold. Newborn Swiss mice were injected
-~ every other day beginning 24 hours after birth with 2 billien heat-killed
streptococci. As can be seen in Figure 3, the average weight~gain of mice
receiving the bacterin was considerably below that of the stress and un-
treated control mice. At day 30, bacterin~treated mice had an average
- weight of 11.75 grams while the untreated mice had an average weight eof
18.91 grams and the stress control mice had an average weight of 16.32
grams. Several experimental mice weighed as little as 9.00 grams. These
- results essentially confirm those of Ekstedt and Nishimura.

When mice were treated with increasing numbers of heat-killed strepto~
cocci the éeverity of the wasting process was greatly enhanced and death
was -commonly observed. Table 1 shows that 47% of the mice injected with a
total ‘dose of six billion streptococci and 64% of the mice injected with a
total "dose of 12 billion streptococci died of wasting disease.

The heart blood, liver, and spleen of mice injected with the strepto=
coccal bacterin were cultured on phenylethyl alcohol medium and showed -an
abundgnce of streptococci andg unexpec%edly, staphylococci, Cultures"of
tissues apd organs from untfea#ed control animais‘were negative. A striking

; !
I 4
[
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Figure 3. Average weight-gain of two litters of mice treated

every other day with 2 billion Group A, type 30
streptococcus bacterin.
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finding was that many mice injected with either six billien or 12 billien
-sbreptococcl developed abscesses at the site of injection. The abscessés
were not oEserved in the mice receiving two billion éutoclaved Group A,
type 30 streptococci.

Severalilitters of A/jax and C57Bl/6Ks inbred mice were treated with
-two- billion autoclaved Group A, type 30 -streptococcal organisms. Maternal
cannibalism was extrnemely high in the inbred groups after the newborn miée
- had ‘been handled. Oply one experimental litter of A/jax escaped canni-
balism after the onset of the experiment. The average weight at day 30 :

. for-the mice in this experimental litter was 7.28 grams compared to 12.29
-grams -in untreated contrel A/jax mice. It was decided not to use inbred

--mice in further experiments because of maternal cannibalism.

2, Wasting disease induced with Streptococcus faecalis bacterins.

It is known that 10 to 15 day old mice have an abundance of entero-
cocel (8chaedler and Dubos, 1964) in the gastrointestinal tract which make
up a large part of the normal flora. Hence, it was of interest to see if

mice given Streptococcus faecalis bacterin would show signs of wasting.

One group consisting of five litters of Swiss mice were given 200 million
autoclaved S. faecaiis organisms and another group of three litters
received two billion heat-killed organisms. In one litter of the latter
group CS$99); the mother developed an ascites tumor on day 20 so the
litter was not included in the results. Figure 4 shows £he weight-gain .
of vthe ~two groups as compared to the untreated and stress control groupéo

It can be seen that the failure to gain weight in beth groups was not as

1
N}
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severe as in experiments employing Group A streptoceccal bacterins. Indeed,
when “these data are compared to the weight curve of stressed control animals
only a slight difference in weight existed between control and test groups
at.day 30. Only one mortality that might be attributed to a bacteriﬁ
induced wasting was observed, and this mouse was gaining weight normally

when it died from an unknown cause. Cultures of liver and spleen from -

- experimental mice were made on blood agar, eosin methylene blue agar, and

in thiogel medium. All cultures were negative,

3, Wasting disease induced with Bacillus cereus bacterins.

Three litters of Swiss mice were injected with 200 million autoclaved

-Baeillus cereus organisms. Figure 5 shows the average weight-gain of each

of the threé litters compared with the control groups. The results were
extremely varied. One litter of seven (S-72) almost paralleled the normal
control in weight-gain. Another litter of eight (S-81) showed severe wast-
ing, and a third litter of eight (S=76) gained weight mormally until day

26 when they suffered a weight loss and two mice died,. Cultures of liver
and spleen from diseased mice on blood agar and eosin methylene blue agar
were uniformly negative.

D. The production of wasting disease with bacterins prepared
from gram-negative organisms.

1. Wasting disease induced with Escherichia coli bacterins.

Since Escherichia coli is found in abundance as part of the normalk

dinbestinal flora of the 15 to 30 day old Swiss mouse, a bacterin preﬁared

from an intestinal isolate of E. coli was used to induce wasting in
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Table I. Mortality in Swiss miee injected with bacterins of Streptococcus
: '(Gréup A), Streptococcus faecalis, and Baecillus cereus.

i

: Total dose : No. dying of : Percent

. : of organ- : wasting : Mortality : Mean Survival Time
Bacterin . g
: isms : -3 : (days)
: t No. injected : :
R v 210
Strepto- %X 10 1/15 6.7 29
coccus _ 10
(Growp A) 6 X' 10 8/17 47.0 22
12 x 10%° 9/1k 6.2 19
&
Strepto- 3 X 10° 1/38 2.6 30
coccus lO‘
faecalis 3 X 10 0/16 0 -
Bacillus 3 X 10° 2/23 8.7 30

cereus

* Showed no weight loss during observation period
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newborn Swiss mice. It was observed that an initial injection of one- -
- Billion or 100 million heat-killed E. gglizérganisms was lethal to néwborm

. mice«presumabiy through the agency of endotoxin induced shock. When given

- an initial injection of 10 million heat=killed E. ggl;; the mice lived - and

- -gained weight normally until day 10 at which time thei began to show symp=-

-~ toms of wasting disease. By day 30 the mice showed severe symptoms of ’ -
. wasting (Figure 6) and several mice weighed 8.00 grams or less. Three of

! -the 24 mice receiving injections of bacterin died. Althoggh fegal culturés

.showed -an abundance of E. ggli, cultures of liver, spl?en, and heart blood

from diseased mice were uniformly negative for bacteriél growth,

In another experiment, a second E. coli baecterin was administered to

" three litters of Swiss mice in the same concentration as above. One litter

showed severe signs of wasting but only mild wasting was observed in the

other two litters. Only one mortality among 24 treated mice was observed.

- Cultural studies were not done.

An exXperiment was desigﬂed to test the importance of early injectien
with E. coli bacterin. Three expefimental groups were established in
- whieh one was comprised of three litters of Swiss mice and the other twe
groups contained two litters. The initial injection was administered 48
- ‘hours after birth in the first group, 72 hours after birth in the second;
. and 96 -hours after bi;th in the third group. The concentration of bacterin
. was-10-million heat-killed E. coli for the first two injections, 15 million
for 'thethird, 100 ' million for the fourth and fifth, and 200 million therg¢-

H

afiber. - All three groups exhibited wasting but the most severe was observed
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Figure 6. Average weight-gain of three litters of Swiss mice
injected every other day with 20 million Escherichia
coli bacterin.
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iw -the" group receiving the eariiest initial injectien (Figure 7).
~ Some of the mice which showed wasting with E. coli bacterin had an
unusually small thymus, enlarged adrenal glands, and the intestines
appeared mucoid., Histolegic studies revealed a very thin walled caecu@ :
and in some mice the small intestine showed some signs of necrosis.
Numerous mohenuclear cells (maecrophages) were observed in the mucosa. A
striking finding was a severe depletion of lymphocytes in the thymic
cortex. |

An attempt was made to see if Ee coli bacterin could induce wasting in
the germfree mouse. For reasons presented in the discussion, nothing

definite could be concluded from the results of the germfree work.

2. Wasting disease induced with Salmonella (0 somatic group B) bacterin.
It was of interest to see if wasting could be induced in.Swiss mice
using a gram-negative organism rarely found in the mice. Two litters
received neonatal injections of one billion autoclaved Safmonella (o
sematic group ﬁ) organisms, and all of the mice in both litters died
within 48 hours presuﬁably of endotoxin shock. In two other litters the
- concentration of bacterin was lowered to 100 million for the first injec-
tiomy, and all but five mice died within 48 hours. When the concentration
‘of the initial injection was further lowered to 10 million heat=killed
cells, none of the mice died of shock in the three experimental litters
receiving this concentration. The average weight-gain of these mige was -
net ‘markedly below that of the untreated and stress coentrol mice‘(Figurq‘S?a

and only one mortality out of 24 mice was observed. Fecal cultures weré
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. made~on S S agar and ‘eosin methylene blue agar and all were negative for,
--Saldmonella (O somatic group B), but all cultures showed an abundance of

.Escherichia coli. Cnltures of spleen, liver, and heart blood were nega-
v

tive for any growth.

In -another experiment, three litters received a neonatal injection of
~-l@«mi11ion autoclaved Salmonella, Subsequent doses of bacterin were in-
~-creased, as in the experiment which received increasing doses of E. ggii
~bacterin, until by day 1O the mice were recei;ing 200 million c¢ells. 'Twé
- 1d tters showed severe signs of wagting but the other litter paralleled tﬁe
" weight=gain of the three litters of mice receiving 20 million autoclaved
Salmonella organisms. The average weight-gain of the two 1itter$ that
wasted is shown in Figure 8 and three mortalities were observed. Agaiﬁ9

- Salmonella (O somatic group B) was not isolated from fecal cultures of

1
<

these mice,

Table II. Mortality in Swiss mice injected with bacterins of Escherichia
coli and Salmonella (0 somatic group B).

Total dose’ ¢ No., dying of : . Percent : Mean
. of organ- : wasting : "Mortality : Survival Time
Bacterin .
isms : H : (days)
: No. injected : :
E. coli 3 X 18 3/2k 12.5 3k
Salmonella 3'X 108 1/24 ho2 22

2 X 109 3/2k 12.5 26




DISCUSSION

Fhe 'role that the normal flora or their products may play in "homolo-
gous disease''y and other wasting syndromes with a similar pathological
picture, is poorly understood. Most of the evidence against the normal
flora being a factor in the etiology of wasting syndromes stems from work-
ers‘ﬁho have failed to observe- overt-signs of infection. However, the
hypothesis is advanced that absence éf a systemic infection does net rﬁié‘
out the pqssibility gf bacterial texic products leaking through the intes-
tinal epithelium and entering the vessels of the mucosa. The toxic pro-
ducts could be excretions or secretions (exotoxins) of the normal flora,
or they might come from the breakdewn of bacterial cells undergoing lysis
(endotoxins).

Much of the data presented in the results points to the céncept that
fhe normal flora or their products play an important role in bacterin-
induced wasting. It is probable that specific immunologic unresponsive-
ness may be induced to certain bacteria feund in the normal flora when
large dosés of bacterins are administered to newborn mice. I% is pro-
pssed that immunologic unrespon§ivepess to certain bacteria in turn leads
to infection of the hosf or damage to the host by toxic products of
bacteria indigenous\to the host.

In the- case of wasting induced with Group A, type 30 streptococci
‘bacteringtstfeptococci and large numbers of staphylococcl were isolated
from the tissues and organs of the wasted mice. The presence of strepto-
coccl in tissues and orgéns of diseased animals is in accord with the—above

proposal but the presence of staphylococei was an unexpected finding. It
seems possible that early streptococcal infegtion predispeoses to a

\
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staphylococcal infection or, alternatively, a certain degree of antigenic
similarity exists between staphylocecci and streptococci. If the Group A,
type 30 "streptococeal bacterin possessed any antigenic chSSareactiVitf
with-staphylocoecus, the staphylococcus which normally inhabit the skip

may ‘hrave gained entrance to the body via the needle puncture caused by

‘injections of bacterin. - The fact- that lesions were seen only at the site

of inaculatiqn supports this notionel

It is known that the higher the cogcentration of antigen given to a
newborn -mouse, the more marked wili be the immunologic unresponsiveness of
that mouse to the antigen as measured by the absence of anaphylaxis and

lack of antibbdy when the mouse is challenged at a later date (Smith,

+ 1961). Wasting in mice injected with heat-killed Group A, type 30 strep-

tococei, as measured by percent mortality and mean survival time, was
observed to be increased in mice receiving higher concentrations of the
bacterin., This increase in wasting observed in mice receiving the higher
concentrations of bacterin correlates with the incfease in immunoleogic
unresponsiveness which would be expected to eccur when neﬁborn mice
receive higher concentrations of antigen,

Wasting was not very severe in newborn mice which received heat-

killed Streptococcus faecalis organisms. This observation is not sur-

prising 'since enterococci are, at best, low grade pathogens and rarely, -
if ever, invade tissue or organs. In addition, the number of enterococci
in the intestine of young mice reaches a maximum between day 10 amd 14 -and

thgfeafter the number decreases by a factor of five logs (Schaedler'and

Dubos, 1964). The observation that wasting did occur in newborn mice
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receiving larger coneentrations of bacterin was somewhat significant and is
in-acecord with the hypothesis that normal flora may centribute to the

ddrsease ‘process.

The results ebserved in mice treated with Bacillus cereus bacterin
were vambiguous and no conclusions eould be drawn., One litter grew'
- normally and this was expected since the normal flora contains little 'if
any -B. cereus. Another litter grew normally until day 26 and then lost
- weight and two mice died on day 30. The reason for the loss of'wéight‘aﬁd
. death observed in these mice is not clear. A third litter was observed to
waste. It seems possible that the mother might not have been feeding and
- ¢aring for the young properly or the bacterin may have possessed some
g cross=feactivity with some bacteria found in the normai flora.

Wasting induced in newborn mice treated with E. coli bacterin was
extremely severe. It is of interest that wasting with E. ¢oli was brought

about with the injection of 20 million heat-killed cells every other day

- while it took the injection, every other day, of two billion heat=killed

Group A, type 30 streptococci to produce wasting and the latter wasting
was not as severe. Although no signs of a systemic infection were found
upon' culturing tissues and organs of the treated mice, there was an
abundance of E. coli in the intestinal tract. This finding is in accord
with the hypothesis that toxic products of the normal flora may play an
important role in bacterin-induced wasting as well as other wasting syﬁm
dremes.

The earlier the initial injection of E. coli bacterin was administer-

ed to newborn mice the more severe was the wasting observed. Since
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immunologic unresponsiveness to an antigen is most easily achieved in-
immunologically immature mice, the above observation correlatés with the

- hypothesis that bacterin-treated mice receiving early treatment exhibit

- -wasting because they are unable to respond to products of the normal’

‘flora. The mice receiving the first injection of bacterin 96 hours affér
birth possibly do not exhibit wasting because they respond to products of
thenormal flora.

The observation that wasting was not observed in newborn mice treated
every other day with 20 million Salmonella (O somatic group B) bacterin is
--in aeccord with the hypothesis that treatment of mice with a bacterin of

Salmonella (O somatic group B) should fail to wastén Salmonella (O somatie
- group B) was rarely isolated from the intestinal tract of the bacterin
treated mice although E. coli was isolated in abundance. However, wasting
was obser&ed in newborn mice receiving this bacterin when the dose was
-increased to EOQ millien cells. Although Salmonella were not isolated
fr;m the latter mice, it may be that iqcreasing the AOse of the bacterin

by 10 fold produces a form of protracted endotoxin shock. Significantly,

a-toxic death was oBserved when larger doses of both E. coli and Salmonella
- bacterins wére éivén within 24 hours after birth. Alternativeiy9 a state
- of immunolégic unresponsiveness to endotoxin may have developed by treating
- mice with large doses of Salmon§lla bacterin which cross=-reacted with the
endotoxins of the normal flora;-
- It could be argued that while immunologic unresponsiveneés in néwborp

mice"ﬁay be induced te a given bacterin, the subsequent wasting might only

be a result of immunologic unresponsiveness to toxic properties of later
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injeetions of bacterin and not to products of the normal flora. No mice

that ‘wasted showed signs of a reduced weight-gain before day 10 a5 compared

~ to the -stress control mice. If toxicity to the mice developed solely from

the~injection of bacterin, newborn mice would be expected to exhibit little

. or no weight-gain. On the other hand, it is known that the normal flora

.. does not establish in the intestine much before day 10 (Schaedler and

Dubos, 1964) and, significantly, symptoms of wasting were not observed
earlier than day 10. It appears then, that the establishment of normal
flora-is important for the development of symptoms of wasting syndromes.
The germfree mouse would serve to elucidate more clearly the role of
normal flora in the wasting process. Fkstedt and Nishimura (1964) report-
ed that germfree mice that received large ddses of staphylococcus bacterin
were much more resistant to wasting than conventionally reared mice. In
< this study an attempt to produce wasting disease in germfree mice using an
E. coli bacterin was unsuccessful. The results with germfree mice were
difficult to evaluate because the unit became contaminated accidentally |
with a gram-pesitive sporeformer that grew in thiogel medium, brain-liver-
heart semisolid agar, and cooked meat phytone medium. It did not grow in
nutrient broth or on blood agar. In addition, the three litters were
prematurely born and subjected to éxtreme stress due to some residual
peracetic acid and éonsequently their weight-gain was initially retarded.
The ‘premature births were induced possibly by the carbon dioxide build up
in-the flask in which the pregnant-mothers were brought into the experi-

mental unit. Finally, the E. coli bacterin preparation that was to be

taken into the germfree unit was autoclaved twice. This precaution proved
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to ‘bea mistake since only one conventional litter out of three treated
wirth: the twice autoclaved bacterin demonstrated any signs of wasting and
inthat case the wasting was slight.

As the result of their work in germfree mice, Ekstedt and Nishimura
(1964) postulated an anaphylactic mechanism for bacterin induced wasting,
- i.e., the reaction of antigen contained within the bacterin and antibodies
found in ‘the recipient mouse. There are several criticisms that can be
- made about an agaphylactic mechanism as being the cause of wasting in neo-
natal mice treatea with staphylococcal bacterin. The first, and one that
Ekstedt and Nishimura (1964) themselves make, is that germfree animals
have been shown to possess some - naturally occurring staphylococcal antibody
(Cohen, Newton, Cherry, and Updyke, 1963). Hence, it is not entirely
- valid to say a germfree mouse differs from a conventional one in that it
does not possess stafhylococcal antibodies. Second, they injected staphy-
lococcal rabbit antiserum into neonatal germfree mice, but they did not
treat neonatal germfree mice with nermal rabbit serum as a contrel. This
worker has observed death occurring within 12 hours in conventionally rea£=
ed addlt C57B1/6Ks mice that had received an intraperitoneal injection of
- one ml of normal rabbit serum. Third, Ekstedt and Nishimura (1964) suggest
that-natural antibody to staphylococcal antigens passively transferred
through the placenta to conventional newborn animals might play some rcle
in“bagterin induced wasting. Natural antibodies are macroglobulins
(Humphrey én@ White, 1964), and macroglobulins are not known to pass the

‘placenta (Fahey, 1962). Fourth, macroglobulins are produced soon after




3k

birth -in response to antigenic stimulus (Fahey, 1962). Hence, if an ang-
phylactic mechanism were involved, it would seem that a more pronouncedi
~wasting would be observed in mice which received their initial injection
of-bacterin later than 24 hours after birth rather than earlier, as Ekstedt
< and Nishimura (1964) found, and as observed by this worker in the case of
BE. coli-induced wasting. The observations of Ekstedt and Nishimura (1964)
o 'germiree mice appear to lend more support, at this time, to the concept
- that the normal flora or their products play an important role in bacterin
induced wasting. -

Lymphoid depletion and a reduced immunologic capacitj-oﬁ the part of
the-host seem to be common factors in Yhomologous disease, "post-neonatél
thymectomy wasting syndrome', estradiol=-, cortisolnﬁ'ané bacterin-induced
wasting. - It seems plausible that mice with the above syndromes might in
some ways be compared to mice receiving a lethal dose of X~irradiation
since the latter are knoewn to have a profound reduced immunologic capacity.
Rosoff (1963) found that non—-absorbable‘antibiotircs‘s neomycin sulfate or
- polymyxin B, prevented death in rats which had received a lethal dose of
‘whole~body radiation. The antibioties suppressed the gram-negative bac-
terial flera of the intestinal tract and the prdtective effect was observ-
~ed only when cultural data demonstrated the successful elimination of fhej
coliform flora in the gut. McLaughlin, Daéquiste9 Jacobus, and Horowitz
(1964)" found that the germfree mouse can tolerate more radiation than either

-a--conventional or an E. coli monocontaminated mouse. The radiation efféct

‘gafter-doses of 550 to 950 r was observed and after all doses the mice in

the germfree state survived longer than the mice monocontaminated with
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E. coli. It was also observed that the monécontaminated mice survived
longer than the conventional mice.

The importance of the contribution of the normal flora to pathologiec
changes in letha}ly irradiated mice seems qﬁite clear. It is not entirely’
unreasonable to compare the ultimate cause of death iﬁ lethally irradiaté&
mice-to that in mice suffering from any of the wasting syndromes, including
--bacterin-induced wasting, since in all cases %here is an impairment of .the
immunoldgical capacity of the host. However, care must be taken not to
‘-draw -the analogy too far, since lethal whole-bedy irradiation severely
damages the intestinal gpitheliumo

A damaged intestine is no doubt much more apt to permit the access of
the normal intestinal flera and their products to the blood stream than -a
- healthy intestine. An undamaged intestine may admit toxic products of the
- normal flora but possibly not the bacteria themselves. Indeed, this may
explain why in some types of wasting bacteria can be isolated from the
tissues and organs while in other types of waéting there is no evidence
"of a systemic infection. In the former case the immuno-suppressive agent,
whatever it may bé, also damages the intestinal epithélium while in the
latter case the intestine is not damaged.

It might be said that the ultimate cause of death in "homologous
-disease" cannot be compared to other wasting syndromes with a common
pathology since' in "homologous disease" immunologically competent cells -
Rare"transplanfed to the host. It could Eé argued that the normal flora or

.their products could not contribute 'to the wasting process observed in the
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hest since the transplanted cells would protect the host. Eowever, since
the -transplanted immunologically competent cells will first encounter the
numerous antiéens of the host, it ig pbssiBlé that most of the cells will
be-pre-empted to react with only the antigens of the host leaVing none or
only a few cells to combgt the normal flora and.their products. One can
conjecture that, perhaps, if homologous spleen,célls were incubated in a
supporting fluid for a few heurs in the presence of a complex bacterin
made ‘from the normal flqra of the recipient, the spleen cells would not ‘be
- a8 concerned with the recipients antigens upon injection and would exert a
truly protective effect against its normal flora.

In qonclusion, something should be said about the value of knowing the
etiology of "homologous disease" aﬁd other wasting syndromes with a common
pathological picture. It‘is known that many therapeutic drugs used for
the treatment of cancer have the unfortunate side effect of reducing the
immunologic capacity of the patient and rendering him more susceptible to.
infection. Knowledge of the etiology of wasting induced with cortisone-
and other immuno-suppressive drugs ecould prove of value in reducing the
unwanted side effects éf thése drugs.

If it were not for "secondary disease", leukemia ceuld possibly be
cured by giving the patient a lethal dose of wh&le—body irradiation and
transplanting homologous bone marrow. Homologous bone marrow might also
be--used to save a person who had accidentalij received a lethal dose of
irradiation. However, it should be kept in mind that even if "secondary

disease™ could be controlled, it might only let the host live long enough

fer-a c¢hronic graft-versus<host reaetion to manifest itself. 'This disease
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might possibly take the form of some of the autoimmune disorders.




SUMMARY

“The injec£ion of a large number of heat-killed Group A, type 30
streptocecci in neenatal mice produced a wastiné syndrome. It was observ-
-ed that if the dosage was increased two and four times there was a more
severe form of wasting coupled with a systemic bécterial infection. Wast-

f .
ing was not observed in mice receiving Streptococcus faecalis bacterin.

Only one litter of three litters of mice treated with Bacillus cereus

- bacterin wasted. Mice exhibited severe symptoms of wasting with Escher-
ichia coli bacterin, and the soener the initial injection was given after
< birth the more severe was the wasting. Mice treated with Salmonella

(0 somatic group B) bacterin failed to waste unless treated with very high
- doses. The mice receiving bacterins eof the gfam=negative organisms had

- an abundance of go coli in their intestinal contents but no Salmonella'

(O somatic group B). These observations)support the concept that the
normal flora or their products contribute in the pathogenesis of bacterin-

induced wasting.,
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