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Abstract:

Although runt disease in neonatal mice injected with allogeneic, adult spleen cells has been extensively
studied the pathogenesis and cause of death is incompletely understood. The possibility that the
developing flora in the gut of the neonatal mouse plays a role in the pathogenesis of runt disease was
investigated.

Female C3H and A/Jax mice were immunized against endotoxins or bact-erins prepared from
Escherichia coli and Salmonella species. Neonatal mice born to immunized females received 40 X
1076 C57B1/Ks spleen cells intraperitoneally and the course of runt disease in these passively
immunized mice was compared to that in mice born to nonimmunized mothers.

It was found that the bacterin-immune and endotoxin-immune C3H runts gained significantly more
weight than did the nonimmune controls. Although the endotoxin-immune and nonimmune suffered the
same mortality (94%), the bacterin-immune runts suffered a markedly lower mortality of 70%. The
bacterin-immune and nonimmune A/Jax runts showed a similar weight-gain and high mortality (92.8%
and 88.5% respectively), whereas the endotoxin-immune runts gained weight nearly as rapidly as the
normally developing mice and suffered a markedly lower mortality of 69.7%. The mean survival times
of the nonimmune and immune C3H and A/Jax were essentially the same.

Bacteriological examination of the heart blood, liver and spleen of 34 A/Jax runts yielded 20 positive
cultures. The principle organism isolated was an extremely fastidious, unidentified gram-negative rod.

Hematological studies showed that runted A/Jax mice suffered a severe polymorphonuclear
leucocytosis and that the leucocytosis was reduced by intraperitoneal injections of Chloromycetin. The
antibiotic did not prevent the diarrhea and liver lesions from developing in the runted mouse.

The gross appearance of antibiotic treated runts and untreated runts was identical.

These data are interpreted as supporting the concept that the normal flora of the gut and their toxic
products, such as endotoxin, contribute to the pathogenesis of the runting syndrome.
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ABSTRACT

Although runt disease in neonatal mice injected with allogenmeic,
adult spleen cells has been extensively studied the pathogenesis and
cause of death is incompletely understood. The possibility that the
developing flora in the gut of the neonatal mouse plays a role in the
pathogenesis of runt disease was investigated.

Female C3H and A/Jax mice were immunized against endotoxins or bact=
erins prepared from Escherichia coli and Salmonella species. Neonatal
mice born to immunized females received 40 X 10° C57B1/Ks spleen cells
intraperitoneally and the course of runt disease in these passively immu-
nized mice was compared to that in mice born to nonimmunized mothers.

: It was found that the bacterin-immune and endotoxin-immune C3H runts
gained significantly more weight than did the nonimmune controls. Although
the endotoxin-immune and nonimmune suffered the same mortality (94%), the
bacterin-immune runts suffered a markedly lower mortality of 70%. The
bacterin-immune and nonimmune A/Jax runts showed a similar weight-gain
and high mortality (92.8% and 88.5% respectively), whereas the endotoxin-
immune runts gained weight nearly as rapidly as the mormally developing
mice and suffered a markedly lower mortality of 69.7%. The mean survival
times of the nonimmune and immune C3H and A/Jax were essentially the same.

Bacteriological examination of the heart blood, liver and spleen of
34 A/Jax runts yielded 20 positive cultures. The principle organism iso-
lated was an extremely fastidious, unidentified gram-negative rod.

Hematological studies showed that runted A/Jax mice suffered a severe
polymorphonuclear leucocytosis and that the leucocytosis was reduced by
intraperitoneal injections of chloromycetin. The antibiotic did not pre-
vent the diarrhea and liver lesions from developing in the runted mouse.
The gross appearance of antibiotic treated runts and untreated runts was

identical.

These data are interpreted as supporting the concept that the normal
flora of the gut and their toxic products, such as endotoxin, contribute

to the pathogenesis of the runting syndrome.




INTRODUCTION .
In 1953 Snell (cited by Eichwald, 1963)’formu1ated a number of tissue
transplantation laws based on the genetic disparity between donor and re;
cipiént animals whicH describe the immune reactions of the recipients
against tissue grafts from related or unrelated domor animals. These
"léws of tissue transplantation' may be briefly stated as follows: (1)

grafts exchanged between genetically identical individuals will be accepted

and retained indefinitely, (2) grafts exchanged between genetically dis-

. parate individuals will be rejected, (3) an Fq hybrid will accept a graft

from either parent; and (4)'neithér inbred parent will accept a graft from
the F1 hybrid. In the second and fourth situation the graft contains
antigens nét reéognized as "self" by the recipient animal and subsequently,
the host mounts an immunological assault on the graft and destroys it.

The principle cellular antigens of the mouse are determined by alleles of
the H-2 locus Whiéh segregate aécording to simﬁle Mendelian laws (reviewed
by Snell, 1957; Eichwald, 1963). fhese antigeﬁé are termed histocompati-
bility antigens. o

The laws of tissue transplahtation describe the reactions of the. host

- against the graft, but Snmell's laws also apply to the phenomenon of a

graft's raction against the host. 1In this situation the grafted tissue
reacts more effectively'against the host than vice versa, i.e. a graft-
versus-host reaétién (hereafter'referred to as GVH reaction). This event
occurs when a graft rich in’immunologically competent cells is injected

into a foreign recipient which, for reasons discussed below, is unable
: |

" to reject that graft. When this occurs, the grafted cells mount an immu-

nological attack against the host which is usually detrimental to the host.

i

————
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Three experimental situations have been described in which a GVH
reaction leads to a fatal outcome. These are (1) runt disease (feviewed
by Nisbet and Heslop, 1962; Simonsen, 1962), (2) Fq wgsting disease
(reyiéwed by Simonsen, 1962) and (3) secondar§ disease (reviewed by Koller,
Davies and Doai:ni962).:

i ,

The work of.Danchakoff‘(l916) is probably the earliest mention in the
literature of a GVH reaction, She found that splenomegaly resulted after
gréfting a ”tissug mesh' onto the allantoic membrane of a 7-day chick
embryo. It was postulated that the splenomegaly was the result of donor
cell proliferation within the host spleen. In 1953 Dempster, and indépen-
dently, Simonseﬁ proposea that kidneys tramsplanted from one dog to amother
may react immunologicaliylagainst the recipient''(cited by Simonsen, 1962).
However the concept of the GVH reaction remained on purely theoretical
grounds until 1957.

At this time, Billinghag'(l958), in.his attempts to indﬁce tolerance
to foreign skin_grafts, unexpectedly observed thaf many of the mice suc-
cumbed to a runting syndrome. The disease developed 2 to B.Weeké after
the injection of spieen cells frpm adult mice into neomatal allogeneic
recipients (a genetically disparate recipient within the same species).

At. the same time, independent experiments of Simonsen (1957) demonstrated
pathological changes in neonatal mice aﬁd embryonic or neonatalhchicks
injected with allogeneic spleen'cells.of buffy coat cells. Both Billingham
and éimonsen concluded that the patholégy of this disease wés the direct

| . .
result of a GVH reaction. They postulated that the immunologically_

]
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immature recipients were unable to defend themselves from the immunolo-
gically mature lymphoid cells derived from adult allogeneic donors.

Since Billingham's and Siﬁonsen's demonstration of runt disease in
mice and chicks, the same syndrome has been induced in the neonatal rat
(Billinghgm, et al., 1960), in the neonatal hamster (Jutila, 1960) and in
the fetal rabbit (Porter,_1960a) witb essentially the same results.

Billingham's (1958) initial studies of runt disease showed a high
degree of variation in mortality from one donor—rgcipient combination fo
another. Jﬁtila and Weiser (1962) stﬁdied the immunologiqal mechanisms
involved in the production of runt disease in a number of donor-recipient
combinations and.in pareﬁtal to Fj hybrid combinations. They found that
the incidence of runt disease was highest in thosé combinations differing
at the H-2 locus and that prior sensitization of the donor was required

to produce runt disease in combinations identical at the H-2 locus but

differing at ''weaker'" histocompatibility loci (i.e. H~1 and H-3). Studies

designed to determine the influence of age of the recipient on the incidence

of rﬁnting showed that Fl'hybrids remained susceptible to injections of
parental cells until about day 10 Whéereas inbred comﬁina;ions failed to
develop runt disease éhortly after 5 days of ége. An acute form of runt
disease was observed when C57B1/K peritomeal macfophages sensitized tb
sarcoma_I,-a tumor indigenous to the A strain mouse, were injected into

5 day old A/Jax. Runt disease induced ﬁith immune cells has been termed
acute allogeneic disease (Weiser, gg‘gl., 1965). These findings are in
direct agreementvwith and confirm the hypothesig)th;t runt ‘disease is in-

deed the result of an immunological attack on the host by the allogeneic
i

]




4
lymphoid cells. The importance of disparity of dono? and recipient mice
at the H-2 locus is stressed.

This concept is further strengthened by the studies of Siskind and
Thomas (1959). ‘They showed that the cell inoculum used for inducing runt
disease ﬁu;t consist of viable, immunologically competent lymphoid cells.
Runt disease was not pféducgd by cells of non-lymphoid origin (liver and
kidney) or by frozen-thawed lymphoid cells. ' The observation that large
amounts of specific antiserum administered to neonatél mice failed to
produce runt diseaée shows that the disease is caused by a cellular. rather
than humoral immunélogical attack (Jutila and Weiser, 1962).'

Billingham'and Silvers (1961) carried out an extensive comparative
study on the abilify of different lymphoid tissues from CBA mice t6 induce
runt diseasé in A strain miée. They found that lymph node cells were most
effective for producing runt. disease followed by spleen cells ‘and leucocyte
concentrates, mafrow cells and thymocytes from young donors, énd thymocytés
from adult donoréﬁ They also suggested that lymph nodes from different

anatomical sites may not be equivalent in immunological abilities. This

was suggested by the observation that axillary and brachial node cells

were more effective for producing runt disease than mesenteric node cells.

" Cohen, et al. (1963) used the C57Bl to A strain donor-recipient combination

| .
to study the relative abilities of newborn and adult thymus cells to in-

itiate a’ ' GVH reac#ion. They found that the same number of cells from
either neonatal dbnors or adult donorg'were equally effective for in-

[ . H | !
itiating the GVH reaction. Sosin, Hilgard and Martinez (1966) confirmed

the work of Cohen, et al. (1963) and also found that spleen cells from

-
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neonatal mice were totaily ineffective in préducing a GVH reaction. Also,
adult spleen,cellsywere found to be‘abéut ten times more effective than
adult or neonatal thymocytes. In contrast to the above observatioﬁs,
Terasaki (1959) found that thymocytes from young donors would not initiate .
a GVH reaction in the embryonic chick.

Terasaki (1959) extended hié étudies to the effectiveness of chiéken
blood cells to induce the GVH reaction.v He found that wheras blood lympho-
cytes were able to induce the GVH reaction monocytes were ineffective.

He assumed that the immunologically competent cell in the blood was the
large lymphocyte since he considered the small lymphocyte to be a non-
dividing end ceil. Burnet and Burnet (1960) reported that the lymphocyte
was responsible for GVH reacéions on the choripallantoic membrane of chick
embryos. Cannon, et al. (1958) concluded that the ﬁolymorphonuclear leuco-
cyte was also able.to manifest GVH activities in chick embryos. Vredevoe
and Hildemann (1963), and Hildemann (1964) demonstrated that purified small
lymphocytes from blood were immunologically reactive when introducgd into

a géneticaily disparate pepnatal mouse., Hildemann (1964) went on to show
that the injected cells.rapidly spent -themselves or were destroyed by''"al-
lergic injury." This had been postulated by Kaplan and Rosston (1959) who:
stated that both donor and recipient Lymphoid cells die in a stoichio-
metric interaction.

An interesting addition to the wide variety‘of lymﬁhoid cells accused
of being responsible for the GVH reaction is provided by fhe work of Frenkel,

| C '
Korst and Raccuglia (1962). These workers,injected a plasma cell tumor

indigenous to C3H mice into the xenogeneic (a different species) neonatal

4 -~

'
i




6
Sprague-Dawley rat. The tumor failed to develop in the xenogeneic host

but 90 days after the tumor injection the rats began to exhibit dermatitis,
weight loss, decreased muscle mass and a terminal diarrhea followed by
death‘106 to 112 da&s post~tumor injection. The éymptoms‘were the clas~
sical picture.of runt disease in the rat and the authors Belived that

they were thé result of an‘immunological reaction of thé tumor against

the host. To this author's knowledge, this work represents the only case

of runt disease induced in a' xenogeneic donor-recipient combination.

Although muchfconfusion still exists as to the specific ;ymphoid cell
involved in the GVﬁ reaction much significance has been placed on the ability
of the small lyﬁphocyte to differentiate into large pyroninophilic cells
when confronfed with the tissue antigens of the éllogeneic host (Gowans,
1962). Thi; cell appears tb be identical with the éirculating histiocyte
described by Binet and Mathé’(l962). Indeed, lymphocytes in géneral ap-
pear capable of converting into many éell types (Robbims, 1964). TFor
this reason it may be prudeng to determine the cell type found within the
host once the GVHEreaction has become established rather than the type
of cell injected into the host.

The patholog? of the classic runting syndrome has been studied ex-
tensively., Pathoiogic lesions have been observed and described in the
skiq, intestine, lymphoid tissue, liver énd blood, Studies by Billingham
and Brent: (1959) ﬁave shown that the ability to gain weight is markedly
reduced in the ru%ted animal. In somg‘strain combinations a chronic form
of the disease With a low mortality W;S characterizéd by a weight-gain of

one-fourth that 9of a normal animal. ‘Russell (1960) has used the weight-




gain as an index for the severity of runt disease in mice. He observed
near normal rates of weight-gain until about day 7, followed by a period

of—failure—to—gain—weight—referred—to-as- the-plateau period. This period

continues for about 10 days until death occurs. He points out that the

abrupt cessation of gréwth after about:day 7 is reminiscent of the be~

ginning of hoﬁograft rejection. In strain combinations where runt disease -
is not always fatai weight-gain is an extremely useful toél to use in

following the course of’the disease.

Lesions of the:-skin were not as dramatic in the mouse as those found
in the rat. Russell (1960), using the bBA/l to C57B1/6 combination, re-
‘ported no skin ébnbrmali£ies but observed alopecid around the eyes; noée
and aﬁus. .Other authors who have studied a variety of donor-recipient
combinations of mice reported neither alopecia nor skin abnormalities
(Billingham, 1958! Siskind and fhomas, 1959). Cole, Nowell and Davis
 (1964) studied wound healing in mice undergoing a GVH reaction and found
that healing of a circular ﬁunch wound was delayed for 2 fo 3 days in these
mice. Admitting that this phenomenon was vefy poorly understood they
" postulated that delayed wound healing could be due to a general mitotic
inhibi£ion by the GVH reaction.

- The rat, on the other hand, exhibits an entirely different skin
involvement. The studies of Billihgham, ggigl.'(l960) revealed an extremely
dramatic succession of skinllesions. "Exfoliation of the skin was foilo&ed
by a ‘thickening of the epidermis with some degree of keratinizatiomn. -In
extreme cases the epidermis became sepérated-from thé dermis and intré-'

dermal abcesses were frequently observed. Miérosopically the dermis
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‘contained large numbers of histiocytes and very few, if any, lymphocytes.
Krgﬁ, et al. (1962) reported very similar results using different strains
of rats. They concluded that the dermatitis was immunological in nature.
Stastney, Stembridge and Ziff (1963) also concluded that the skin lesions
in rats undergoing‘a GVH réaction have an immunological’basis and suggest
- that this particular diseage may be used as a model for human autoimmune
disease (Stastmey, et al., 1965).

Unfortunaféfy the intestinal pathology and diarrhea observed in runt
disease has been ignored almost é;EI%ély until recently. Rielly and Kirsner
(1965) examined the intestines.of animalg éuffering from ruﬁt disease and

_ found attenuation of vilii, decreased goblet ceils, crypt enlargement and
immature cells above the usual germinative centers. These paéhologic
changes were more pronounced in Lhe ileum than in the jejuﬁumrand no mono-
nuclear cell infiltration was observed. Because of the lack of cellular
infiltration they postulated -that the pathology was induced by either anti-
gen~antibody reactions or by intgstinal crypt cell uptake of foreign
nucleic acid precursors which would lead to an altered host cell metabolism.

“A poésible explanation for the diarrhea of runt disease has been sug-
gested by.the studigs of Reilly and Kirsmer (1966). Analysis of intestinal

'epithelial cells from the runt intestine for disaccharidases revealed a
gross deficienéy of lactose. Since lactose is the only carbohydrate
available to nursing mice they postulated that. the presence of undigested
lactose acidic products of bacterial metabolism leads to acid diarrhea.

Indeed, they found that the cecal contents of runts, are always in the -

acidic range (pH 5.5 to 6). It was suggested that this could lead to




; 9
, _ .
intestinal irritation which might pose problems for amino acid and fat
|

absorption in adéition.to the lack of carbohydrate absorption. These
findings also offer an attractive explanation for the emaciated appear-~
ance of runts inéspite of the full stomachs of these animals reported by
Jutila (1960).

Siskind and:Thomas (1959) observed focal, coagulative mecrotic lesions
in the livers oflruntéd mice. These lesions were patchy white areas lo-
cated along thé;free edge oflthe liver and'were generally subcapsular with
little or mno ceiiular inflammatory reaction. WNo proof Waé offéred as to
the origin of Ehese lesions but the authors did postulate infection,

ischemia or poséible immunological iﬁjury. Sinkovics and Howe (1964) found

complement~fixing antibodies in the blood of runted mice which reacted

with cytoplasmic liver antigens. Fife, Hook and Muschel (1962), however,
were unable to detect complemenf-fixing anti-liver antibodies in the blood
of runted rats.

Simonsen (1957) reported a very severe anemia in chickens undergoing
the GVH reaction. fhe blood cells from these animals gave a posipive
\direct Coombs' test. Siskind and Thomas (1959) reported anemia in mice
suffering from runt disease and Jutila (1960) reported that anemia became
progressively Worsé'as the disease progressed. He also observed that 30
to 50 per cent ;f the red‘blood cells of the runted animal géve a positive
direct Coombs' test. Iﬁmune hemolysis has also been observed in.rats
(Krgh, et al., 1962) and in rabbits (forter, 1960b) suffering from runt

. , : -

disease.

Siskind and Thomas (1959) found that runt disease in mice produce
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leucocyte counts varying from sevem:leucopenla to a marked leucocyt051s.
Jutila (1960), however, reported a leucocytosis and found no marked leuco-
penia. Jutila also observed that the leugocytosis was the result of a

marked neutrophilia. Kréﬁ, et al. (1962) observed that leucocytes increased
as the disease progressed in rats and he attributed this to host reactivity.
Porter (1960b) observed a steady decreasé of all blooé cells in the rabbit
undergoing a GVH re;ction and observed that the bone marrow was hypoplastic
or ;plastic at birth.

The most striking and consigzgﬁt\of pathological changes induced by
the runting syndrome is found in the 1ym@hoid tissue of the runt. The
initial studies of Billihgham (1958) revealed involution of lymph nodes
to such a degree as to make detecion almost impossible. The spleens of
runts were reported to be of normai size but were discblored; fibrotic
and grosély dgficient in the Malpighian corpuscles.

In confrast to the normal spleen size feported by Billingham (1958),
Simonsen (1958)and Jutila (1960) observed a significant increase in spleen
size of mice undergoing the GVH reaction; an increase of two tb three-
fold was noted in some strain combinatiomns. Davies and Doak (1960) studied
the fate of allogeneic cells containing the Tg chromoéome marker injected
intravenouslyvinto neonatal allogeneic mice. They observed that the divi-
sion-rates within the spleens Wére abnormally high but contained few or
no donor cells. Nowell and befendi (1964) studied the same phenomenon
in rats by using the sex chromosome marker with the same results. Thus,

. : I :

it appears that the splenomegaly of runt disease is primarily due to host

cell proliferation.
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Interesting experiments performed by Haller (1964) have shown that
the allogeneic spleen cells, when injected intravenously, settled in the
recipient spleen, at least for a short time. He found that runtéd mice
splenectomized within 4 hours post-imjection suffered one—half the mortality
of non-splenectomized controls. To explain the absence of donor cells
within the spleen observed by other investigators he postulatés a second-~
ary migration of donor cells to_other sites. Unfortunately.ﬁhese studies
were not extended to delayed splenectomy or to intraperitomeal injeétions
of allogeneic cells. |

Both lymphoid atrophy (Billingham, 1958) and lymph node enlargement
(Billingham and.Brent, l§59) have been obsgrved in runted mice. This
apparent contradicéion is explained by the fact that the lymphoid follicles
are observed to golthrough two phases in runfing mice. TFirst, the normal
lymphocytes are replaced by proliferation of other cell types and secondly,
if the animai lives long enough, atrophy and fibrosis of the Llymphoid tis-
sue occurs (Russell and Monécb, 1965). Therefore, the gross and microscopic
appearance of the lymph node is:dependent upon the severity of the GVﬁ
reaction and upon -the time of examination.

Terasaki (1964) oBserved proliferation of mononuclear cells in the
medulla and corteg of lymph nodes 6f runted mice, This was followed by
a decrease in lyméhoc&tes and proliferafion and eventual complete replace-
ment of the node By reticular cells. The terminal stage was characterized
by a completely eéfaced nodal structure and a small number of réticulum
cells in the sinu;es. The examinatioﬁ of runt lympﬁatic tissue With.the

electron microscope has revealed that the major cell types involved were

/
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lymphocytes, plasma cells, and histiocytes (Weiss and Aisenberg, 1965).
Most of the plasﬁa cells and lymphocytes were damaged and phaéoﬁytized
while the reticular cells and other.fixed cells of the conmective tissue
were seldom affected.

The major change in the thymi_of‘runted mice is a depletion of corti-
cal lymphocytes which may become so\;evere that separation of cortex and
medulla is lost (Weiss and Aisenberg, 1965). Hildemann, Gallagher and
Walford (1964) observed that spleen and lymph node enlargement were assoc-
iated with the depression of thymic weight. They postulated that early
"immunologic thymectomy" could be the primary cause of acute transplan-
tation diseage. The importance of the thymus in thé immunological dev-
elopment of neonatal mice has been amply demonstrated by Miller (1964).

These data support the concept that the runting syndrome is induced
by the immunological activities of allogeneic lymphoid cells in the neo-
natal, immunologically immatufe host. The pathological lesions character-
istic of this syndrome include lymphéid atrophy, anemia, necrotic foci
in the liver, alopecia,. dermatitis, intestinal pathology and diarrhea,
Weigﬁt loss, emaciation and, i£ most cases, death. The spécific cause
of death in the runting syndrbme has not yet beeﬁ‘gxplain.ed°

A wasting disease very similar to runt disease results when F; hybrid '
adult mice are injected with parental strain lymphoid cells. As in runt
disease, the host is unable to react immunologically against the injécted
cells since parental cells are mnot foreign to the F1 hybrid recipient.

On the other hand,- lymphoid tissué grafts ffom fﬁe parent are able to

recognize the foreign antigens inherited by the F{ hybrid from the other




parent.

As in runt dﬁsease, wasting disease of Fl hybrids is characterized
by general wastin%, anemia and lymphoid depletion which are common to all
GVH reactions (K%plan and Rosston, 1959). Another facet to the complex

I

problem of theetfology of wasting diseases was provided by the work of
Nowell and Cole <1959) who state that the specific cause of death appeared
to be a non—specific infection involving one or more organs. This, they
proposgd,-resultéd from the impairment of the host's antibody-producing
mechanisms by the GVH reaction. Kaplan and Rosston (1959) reported finding
normal flora oflthe mouse gastrointestinal tract in blood, peritoneal
contents and organs of some wasting Fl mice. Apparently they felt that
this observatioﬁ was not at all significant and an infectious etiology
was not comsidered.

Howard an& Woodruff (1961)lfquna that the GVH reaction in F1 mice

severely depressed the immunological responsiveness of those mice. 'Skin

grafts were rejected slower than normal and the antibody respomnse to

Salmonella typhi H antigens was delayed and enfeebled. A singular obser-

vation was thg exquisite sénsitivity of Fl hybrids undergoing the GVH reac-
tion to bacterial endotoxins (Howard, 1961)., Howard postulates that endo-
toxin absorbed from the gut may.éontribute to the pathogenesislof Fq
disease. Tﬁe increased sensitiﬁivity to endotoxin may be due to the
increased phagocytic activity of the reticuloendothelial system of mice
experiencing a GVH reaction (Cooper apd Howard,rl96l).

Koltay, et al. (1965) found that the serum immﬁnoglobulin levels

dropped dramatically during the GVH reaction produced in Fy mice. They
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noted that the survivors of this disease showed a conéidefable increase
in the IgM clasé but not in the IgA or IgG classes of immunoglobulins.
Since antibodies produced agains; endotoxin reside entirely in the IgM
class (Arnason, Vaux St-Cyr and Relyveld, 1964) they stréssed the impor;
tance of endotoxin as a probable cause of death.

In summary, wasting disease induced in Fl hybrid mice can be con-
sidered to be an adult form of runt disease which is promoted by a GVH
reaction. Howeve;, the use of aault recipients has allowed the performance
of experimeﬁts which have shed light on a new approach to the pathogenesis
- of GVH;reactions. The immunological deficiencies of animals undergoing
the GVH reaction have pointed to a poésible involvement of the bacteria
of the gut and their products, most motably the endotoxims, in the etiology
of these diseases, | '

-The third-form of wasting disease; secondary disease, can be induced
in adult animals which have receiVéd\allogeneic 1ymphoid‘cells following
a lethal dose of x-irradiation. ‘The irradiated animal infused with allo-
geneic bone marrow or spleen cells is protectéd from the early irradiétion
death but will die within 3 to 8 weeks of a secondary GVH reaction. If
the irradiated animal ié infused with isologous (gehetically identical)
Eone marrow, it is protected from the lethal irradia£ion effects. Irrad-
iation apparently destroys the immunological competence of the recipient
allowing the grafted allogeneic bone marrow or spleen‘eells to mount an
immunological attack against the helpless recipient. Trentin (1956) has

‘shown that the closer the genetic relationship between donor and recipient,

the greater the protective effect of the injected cells. As with Fq

\
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disease, the pathology of secondary disease closely resembles that of
runt disease (Koller, Davies and Doak, 19623.

Denko, Simmons and ﬁissler'(1959) studied secondary disease in mice
and found that the cause of death was not always apparent. They did ob-
serve, however, that many of the mice died of infection; pneuménia being
the ﬁost common'along with necrotizing, infected liver lesions. Van Bekkum
and De Vries (1962) fed mice suffering from secondary disease tetracycline
and found that the antibiotic treatment decreaseq diarrhea and mortality.
They stated that the diarrﬁea and wasting was due to infection of graft
antifhosﬁ lesions and that infection was possible because lymphoid atrophy
resulted in poof antimicrobial defense. Significantly, they postulated
that most infecfious organisms originated f;om the normal flora of the
énimals.

The most definitive experiments linking an infectious process with
the mortality of secondary disease are those of Connell and Wilson (1965).
They found that germfree mice suffered a dramatically lower mortality from
" secondary disease than did their conventionally reared counterparts. This
was attributed to.the absence of microbial flora in germfree animals.

Thus, the most common finding, and perhaps the most important, in
all GVH reactions is a depletion of lymphoid tissue which leaves the animal
immunologically helpless and allows normally harmless microbial flora to
become infectious.h Indeed, one would mot have to postulate an invasion
by the microorganisms but could consider their toxic products, such as

endotoxins, leaking from the gut and serving as a contributing factor to
. 1

the death of the animal.
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The experiments to be repo?ted here were undertaken to detect a pos-
sible contribution of the normal flora of the gut and/or their toxic prod-
ucts to the etiology of the runfing syndrome, Parenthetically, after these
studies had begun two repofts were published conéerning runt disease in
germfree mice. Both papers indicated that the runting syndrome pfogressed
in germfree mice just as it did in conventionally reared mice (M;Intire,
Sell, and Miller, 1964; Salomon{ 1965). This study was designed to deter-
mine the effect of passive immunization of newborn mice against various
endotoxins and gram-negative bacteria and the effects of antibiotics on

the course of the runting syndrome. In addition, the bacteriology and

hematology of the runted mice were studied.




MATERIALS AND METHODS

A, Experimentalfanimals.
Inbred mice .of the C3H, A/Jax and C57BL/Ks (previously designated
; ekl
C57BL/6K) strains were used throughout the study. The mice were obtained

from the University of Washington in 1961 and have been maintained in this '
laboratory by fréquent brother-sister matings.: Breeding mice were fed
,Puriné Mouse Breéder'ChoW and water ad libitum; stock animals were main-
.tained on Purina Laboaratory Chow and water ad libitum after weaning at

30 days of age.ﬁ Cage litter comsisted of non~autoclaved woo& shavings.

B. Production Qﬁ runt disease.
C57B1/Ks male mice from 3 to 9 months of age served as spleen cell

donors. The mice were sacrificed by cervical dislocation and the spleens

(qually about 4) were removed asgpzigally.and placed in a sterile 10 ml
syringe fitted with a fine-mesh steel screen. The spleens Were'forced
through the screen into 1 ml of MEdium-199 (Cappel Laboratories). Gentle
aspiration with the syringe served to break up the splenic pulp and yield-.
ed a homogeneous mixture, A 1:1000 dilution ofvan aliquot from the spleen
preparation was made in 4% acetic acid and counted with a standard hemo-
cytometer., The spleen.preparation was then diluted with Medium 199 to
contain 8 X 108 cells/ml. Viability tests were not performed but Jutila
(1966) has reported abéut 99% viability of spleen cells prepared in a
éimilar fashion. <Random bacteriologic sampling of spleen preparations
on blood égar confirmed the sterility of thesé preparations.

Neonatal C3H and A/Jax mice born to either endgtoxiﬁ-immune, bacterin-

immune or nonimmune females were injected with 40 X 106 spleen cells

contained in a volume of 0,05 ml within 24 hours of birth. This dose was’

-~y
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administered with a 1.9 or 0.25 ml tuberculin syringe fitted with a 27-
gauge needle. Leakage was minimized by injecting through the thigh muscle
into.the peritoneal cavity; all mice which ieaked.excessivelvaere removed
from the litter.

C. Criteria of runting.

The criteria used for judging runt disease in mice injectgd with adult '
allogeneic cells at birth waé a failﬁre to gain weight.at'a normal rate
and death, commonly occurring 2 to 3 weeks post-injection. Animals dying
before day 8 usual;y suffered traﬁma at the time of injection or were vic-
tims of maternal cannibalism and were not included in the data.

Other criteria frequently employed were diarrhea, a hunched posture,
high-stepping gait, abdominal alopecia, necrotic foci on the liver and .
splenomegaly. 1In severe cases the distgl portion of the small intestine
was swolien and congested and the peritoneal cavity was filled with a
watery, milky fluid.’ )

D. Preparation of bacterins.

Bacterins prepared from Escherichia coli B, Salmonella paratyphi A,-

S. typhimurium and S. typhosa H-901 were used in some experiments. 8.
typhosa H~-901 was obtained from the American Type Culture Collection
(#6229); the other organisms were obtained from the Montana State University
stock culture colléétion.

An inoculum was taken from a stock_cult;re agar slant (Difco) and
traﬁsferred to 50 ml of trypicase soy broth (TSB) (Baltimore Biolbgical

i Laboratorieé). After 24 hours of incubation at 37 C with continuous’

shaking 10 ml of the TSB culture were transferred to 500 ml of- fresh TSB
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and incubated at:37 C with continuous shaking for 36 to 48 hours. Suffic-
ient formaldehydé was then added to the culture to obtain a 0.4% concen-
tration. The fﬁ?mglized cultﬁre was kept aE room temperature. Viability
of the culture was checked daily by inoculating 50 ml of TSB with 1 ml of
the formalized cﬁlture; After viability tests had shown that the culture
had been killed;thg cells were harvested by centrifugation (Servall Refrig-
erated-Automatié RC-2) at 5000 X g and O C. The cells were washed twice

in sterile saline and resuspended in sterile saline to a concentration

comparable to MacFarland tube #5 (approximately 1.5 X 109 cells/ml). Merth-

iolate was added to a concentration of 1:10,000 and the bacterin was stored
in vaccine bottles at 4 C.

E. TImmunization procedures.

Pilot experiments employed female C3H mice immunized against aqueous-

ether extracted endotoxins of E. coli and Salmonella enteritidis (kindly

supplied by Dr. E. Ribi, Rocky Mountain Laboratory, Hamilton, Montana) or
against bacterins of E. coli B and S. paratyphi A. Later experiments
employed female A/Jax immunized against endotoxins (Bacto Lipopolysaccharide
B, Difco) of E. coli 0111:B4 or S. typhosa 0901 or against bacterins of
E. coli B, S. paratyphi A, S. typhimurium and S. typhosa H90l. The three
Salmonella spécies were combined to yield‘a single polyvalent vaccine. .
One group of C3H females received subcutaneous injections at separate
sites of 5 mcg of each endotoxin in sterile saline on days 1, 5, 7 and 35.
Another group was injected subcutaneously with 0.1 ml of each bacterin

at separate sites on the same days. A third group was not treated and’

served as nonimmune controls.,
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A/Jax mice immunized against endotoxins received 5 mc X g of one
endotoxin subcuta%eously at weekly intervals for 2 months. Another group of
A/Jax mice receivéd'O.l ml of the E. coli B bacterin and 0.1 ml of the

L .
Salmonella polyvalent vaccine in the same manner. Both groups were given
_— i .

booster injections about every 30 days following the initial immunization

i
i

schedule. Again, another group served as nonimmuhe controls.

F.- Titration of anti-endotoxin sera.

The immuné‘sfatus of some of the A/Jax mice given endotoxin was deter-
mined by titering thé se;a'froﬁ the mice according to the bentoﬁite fl§c-
ulation technique of.Wolff, Ward and Landy (1963). The étock_bentonite
mixture was prep%red acc&rding to the method of Bozicevich, et al. (1958).

To adsorb tge endotoxiﬁ to ?he bentonite, 10 ml of the stock bentonite
was sediménted and fhe pellet was resuspenaed in 1 ml of distilled water,

To this was addéd eitherv200 mcg of S. typhosa 0901 endotoxin or 300 mcg

of E. coli 0111:B4 endotoxin in 1 ml of 0.15 M saline. This mixture was

then allowed to stand at room temperature for 1 hour after mixing. One
ml of 1.0% bovine plasma albumin (BPA) (Armour Pharmaceutical Co.) was
added and the mixtureﬂwas allowed to stand for an additional 15 minutes at
room temperature. Fifteen ml of distilled water and 1 ml of 0.1% methylene
_ blue-chloride %as added. The mi#ture was.washéd twice with distilled
water and the final volume made up to 5 ml with distilled water and stored-
at 4 C until used. |

Mice were anesthetized with . éther and bled from the tail vein. ’The

1

blood was allowed to clot overnight at & C and the serum was collected

. after 15 minutes centrifugation (International Clinical Centrifuge CL).
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All sera were stored at -20 C in tightly‘closed vials until titefed.

Serial two-fold dilutions of the anti-endotoxin sera were made with
0.1% BPA in Kahn tubes.  One-tenth ml of the dilutions, including a 0.1%
BPA csntrol, were diépensed onto a‘éerémic ring slide (Clay-Adams #A-1751).
To these drops of sera and control BPA were added 0.025 ﬁl of ﬁhé bentonite-
éndotoxin complex using a 0.25 syringe and a 25-gauge needle. The ring
slide was placed on a rotating machiné (100 to 120 rpm) for 30 minutes
at room temperature. The reactions were read undgr 160X magnification
and the degree of clumping Was;scored from 0 to 4+. The titers are expres-
sed as the reciprécal of the last dilution showing a 1+ reaction as comp-
ared.to the negative BPA control.

G. Antibjotic treatment. T

Runted A/Jax and normai controls received daily intraperitoﬁeal inject-
" ioms of 0.2 mg.chloromycetiﬁ (Paéke, Davis & Co.) per gram body weight '
beginning at 5 days of ége and contiﬁuing until death o?nuntil the animals
were ;acrifiCed at 14 to 16 days of age for hematologicallstudies as des-
cribed below.

Attempts were made to administer polymixin,B sulfate.(Nutrional Bio-
chemicals Corp.) via gavage tube to 5 day old runts aﬁd nofmal congrols.
Dihydrostreptomycin sulfate (Nutritiomal Biochemicals Corp.) in combination
with penicillin "G" sodium (Nutritional Biochemicals Corp.) was injected
intraperitoneally into runted and normal mice.

H. Bacteriology.

|
In order to determine if there was an overt bacterial invasion of

the organs of runted mice the heart blood,‘liver and. spleen were cultured.
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Asepsis was maintained.by dipping all instruments in 80% enthanol and flam-
ing them.

The mice were sacrificed Ey etherization and the thoracic cavity was
carefully opened, leaving the diaphragm intact. The heart was slit open
and blood was collected in a sterile Pasteur pipet and transferred to the
medié described below. The liver and spleen were removed after opening
the abdominal cavity and placed in separate small petri dishes contéining_
0.5 ml sterile saline. The organs were maceated with a plunger from a 1
ml syringe. The slurrj was then transferred to the media by means of a
Pgstgur p%pet. The inoculum was spread over the agar surface by means of
a giass spreadef.

MacConkey's_aéar (Difco) and blood agar (Difco) containing 5% rabbit
blood were used.':During initial studies the plates were incubated anaer- .
obically in a Brewer jar in addition to aerobic incubation of a duplicate
set of plates. Since the anaerobe plates failed to réveal additional organ-
isms this step was eliminated and aerobic incubation only was used.’ .

After'48 hours incubation at 37 C, representative colonies were.picked'
and streaked on blood agar. They were then transferred to stock culture
agar slants (Difco) andnmaintained at 4 C. In most cases no attempt was
made to characterize the isolated organisms beyond hemélytié activities,
gram reaction and morphology:. A few isolates were grown on eosin methylene
blue agar}(Difco) and subjected to the .indol, methyl red, Voges—Proskéuer
and citrate utilization tests.
I. Hematology. E |

Differential leucocyte counts, total leucocyte counts and hematocrits

i
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were performed on runted and normal mice by the usual hematologic proce-
dures (Wintrope, 1961).

Differential Eounts were determined from smears of blood taken from
the tail vein,stai%ed with.Wright{s stain (Brook, Aloe Scientific) using
a buffer of pH 6.i. One hundred cells were counted under oil';mmersion
and scored as eitﬁef lymphocyte, monocyte, polymorphonuclear leucocyte,
eosinophil, basopéil or nucleated red biood celly

Total counts.were made on blood taken from.the heart. The mouse was
sacrificed by ethérization, the thoracic cavity opened and the heart was

d
cut open. Blood was drawn into a leucocyte diluting pipet and immediately

- . .
diluted with 4% acetic acid containing 0.1% methylene blue chloride. After

shaking the pipetffor 5 minutes (Burton Pippetfe Shaker #1402) the leuco-
cytes were placed in a standard hemocytometer, aliowed to settle for 5
minutés, and counted under 430X-magnification. Total counts were corrected
for nucleated reé blood cells and absolute counts were obtained by multi-
plying the diffefential counts by total counts.

Hematocrits were determingd for heart blood. The blood was drawn
ingo a hepariniq;d micro~hematocrit tuBe (75 mm X 0.55 mm) apd centrifuged
for 10 minutes in an Adam's Autocrit .(Clay-Adams). Values were read

directly from the scale within the centrifuge.

J. Histology.

Portions of the small intestine were removed from runted and normal
mice for histological examination.
Immediately after removal the tissue samples were placed in 10% buf-

fered (pH 7.0) formalin until processed for cutting. The tissues were
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then fixed in Zenker's fixative for 24 hours, washed in running tap water
for 36 hours and then dehydrated and cleared in a éeries of alcohols and
benzene. After dehydration the tissues were infiltrated with paraffin
at 52 C and emBedded. Cross-sections were cut at 7 u aqd stained with
a standard hematoxylin and eosin procedure.‘

K. Statistical methods.

Average weight-gains, mean survival times, average blood cell counts
and standard deviations were calculated according to Huntsberger.(l961).i

The chi-square test was performed as described by Smedecor (1956).




; RESULTS

A. Description:of gross and microscopic morphology of runt disease in
C3H and A/Jax mice.

Mice suffering from the runting syndrome exhibited the classic pict~

ure of eméciation,.a very £luid diarrhea, Qarying degrees of abdominal
alopecia, a hunched posture and ischemic appendages. The runts did not
gain weight at a normal rate and those animals which lost wegght invariably
died Within'24 hours of the‘weight loss.

Autopsy of C3H.mice killed by the runting syndrome revéaled varying
degrees of splenomegaly, frequent necrosis of the leading edge of the liver
and, in severe cases, extreme congestion of the distal portion of the small
intestine. The most consistent finding was a thin, dry, parchment-like skin
and extreme atrophy of the inguinal and axillary lymph nodes. A finding
in disagreement with some authors (Billingham and Brent, 1959; Fiscus,
et al., 1962) was Fhe observation that thymic atrophy was extremely rare
in the runting s?ndrome encountered in this study. The stomachs of all
animals were full, no matter how severély emaéiated.

A/Jax runts were essentiaily the same in appearance as were the C3H
with the exception of abdominal alopecia. While the C3H frequently suffered
from a severe form of alOpecia the A/Jax seldom exhibited.a significant
degree of hair_}oss or failure to develop hair.

Aﬁtopsy of the.A/Jakfreveale@\EEenglassic picture of lymph node invol-
ﬁtion, varying degrees of splenomegély,‘focal‘1iver necrosis and, very
rarely, thymic involution. In a number of terminal runts the liver necrosis

had spread throughout all lobes of the liver leaving a white fibrous mass,

.2 phenomenon not seen in the C3H runts. In extreme cases the intestine
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was. grossly congested and inflamedvand the peritoneal cavity was bathed
in an odorless milky-colored fluid.

Histological examination of the A/Jax runt intestine showed attenua-
tion of the wvilli, de;reased numbers of-goﬁlet cells and congestion of
the blood vessels of the submucosa, findings which are in agreement with
the studies of Reilly and Kirsner (1965). 1Im addition, two runts examined

~

histologically showed evidence of intestinal hemorrhage.

B. Runt disease in C3H neonates born to immgnized and nonimmunized mothers.

Newborn C3H born to females which‘had beeﬁ immunized against endotoxins
or-bacterins were injected with 40 X iO§ C57B1/Ks spleen cells (see Materials
and Methods). fhe coursé of the runting syndrome in mice borm to!these
grouﬁs was compared with the runting syndrome in mice borm to nonimmunized‘
mothers. Hereafter these three groups will be referred to as endotoxin-
immune runts, bacterin-immune runts and nonimmune runts.

Since Russell (1960) showed that weight-gain accurately reflécts'the
course and severity of the runting syndrome this criterion was the first
used to determine the severity of runt disease among the treated mice.
Figure 1 shows that the weight—g;in curves for the immuné'and nonimmune
runts in addition to a éurve representing the weight-gain of normally de-
veloping mice. Nonimmune runts failed to gain weight at a normal rate,
and in many caées, lost weight just prior to death. 'The weight-gain of
runted mice was not plot;ed beyond day 20 since most animals had died of

runt disease. The endotoxin-immune runts and bacterin-immune runts gained

less weight than the normal controls, but, significantly,gained more weight

than the nonimmune runts. Runting mice feeding on females immunized against
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A. Untreated mice

B. Nonimmune runts

C. Endotoxin-immune runts A
D. Bacterin-immune runts
53 10 15 20 25

Age in Days

Figure 1. Average weight-gain of C3H runts and untreated mice.
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I .
endotoxins gainediweight at a rate comparable to the untreated newborn
! .

mice.

Table I. Mortality and mean survival times of the C3H runts.

Recipient Mice . Deaths?® . % Deaths ' MST 4+ SDP
Nonimmune L 17/18 9% .4 16.974+ 5.1
Endotoxin- immune 59/63 93.7 17.4 + 4.6

Bacterin-immune 14/20 70.0 (P=0.05) 17.1 + 4.1

4The . numerator denotes the number of deaths; the denominator denotes the
number which received C57B1/Ks spleen cells.
bMean survival time in days 4 the standard deviation.

Table I shows the mortality and mean survival times of the three groups
of runts. 'Although the endotoxin-immunevrunts gained weight more rapidly ’
than did the bacterin-immune runts the latter group exhibited a signifi-
cantly lower mortality (significant.at 0.05 by the -chi-square test) that
is, 70% as opposed to 94% for the other twé grouﬁs of runted mice. There
was no significant difference in the mean survival'times of the three.
groups. It appeared .that the runting syndrome kills the gnimals at essen-
tially the same time and that the protective effect of maternal immuniza-
tion is reflected only in the weight-gain of the endotoxin-immune group and
in the weight-gain and lowered mortality of the bacterin-immune group. A
notable finding was that there existed a high degree of variation in the
protection afforded by passive immunizgtion. Iﬁ some litteré protection

' 1

was complete, whereas in other litters a protective effect was mnot evident.

The cumulative mortality from day 10 to day 35 at 5 day intervals
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is illustrated iniFigure 2. It can be seen that at day 15 both the endo-

toxin-immune and.%acterin-immune groups had a markedly lower mortality
. i s '
than did the nonimmune group. By day 20 the pattern had become established

i
.

that reflected the results at the termination of the experiment on day 35.

C. Runt disease in A/Jax neonates born to immunized and nonimmunized
mothers. '

Experiments with A/Jax mice were carried out exactly as described
for the C3H mice with the exception of the type of endotoxin and bacterin
used to immunizé the mothers (see Materials and Methods). As before, the

three groups of:mice will be referred to as endotoxin-immune runts, bact-

\

erin~-immune runts and nonimmune runts.

The weighﬁ-gains of the three groups of runts are illustrated in Fig-

ure 3 along with a curve rgpresentative of normally developing A/Jax new=
born mice. In contrast to the bacterin~immune C3H, the weight-gain of
"the bacterin-immune A/Jax’was not significantly different from the non-
immune runts. On the other hand, the endotoxin~immune runts gained weight
at a rate just slightly less than the untreated controls.

The‘effect of matefnal immunization on the weight-gain of bacterin—
immune and endotoxin-immune runts is reflected in the mortality but not
in the mean survival times (Table II). The endotoxin immune animals,
which showed a striking weight-gain, also showed the lowest mortality
(69.7%, signifi;ant at less than 0.01 by the chi-square tesf) while the
nonimmune and bacterin-immune runts suffered a‘high mortality (88.5% and
92.8% respectively). In spite of the lower mortality of the endotoxin

.

immune runts they exhibited the lowest mean survival time of the three
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Average weight-gain of A/Jax runts and untreated mice.
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groups. As with the C3H mice brotected by passive immunity variation in

the protection afforded by the treatment was noted within and among litters.

Table II. Mortality and mean survival times of the A/Jax rumts.

Recipient Mice Deaths® % Deaths MST + SDP
Nonimmune | 54761 ©88.5 16.9 4 4.4
Endotoxin-immune 46/66 69.7 (P<0.01) 14.7 + 3.7
Bacterin-immune 90/97 92.8 15.9°+ 3.5

4The numerator denotes the number of deaths; the denominator denotes the
number which received C57B1/Ks spleen cells. -
bMean survival time in days + thé standard deviation.

Figure 4 illustrates the cumﬁlativelmorta}ity of the.three groups of
lrunts from’day 10 to day 35 post-injection. The graph demonstrates the
eérly deaths of the endotoxin-immune runts which resulted in the short'
mean survival time:of this group. In contrast to the observation that
A/Jax mice born_to:mothers immunizeé against endotoxins showed some pro-
tection as demonstrated by thé weight-gain and mortality, the mortality,
mean survivai ;imésand wéight-gain valués of the bacterin-immune A/Jax
were not significantly différent from the nonimmune group. Indeed, the.

former suffered the highest mortality.

D. Anti-endotoxin titers of immunized A/Jax females.

Seraqcollected from a group of 8 A/Jax females which had been immun-

ized against S. typhosa 0901 endotoxins as described in Materials and

l

Methods Were tltered in order to determlne the anti-endotoxin act1v1ty of

their sera. The tests were performed on the sera collected from mice
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which had undergone 8 months of immunization. A control serum consisted

of pooled sera from nonimmunized A/Jax females.

Table III. Anti-Salmonella typhosa 0901 endotoxin titers of immunized
A/Jax females and mortality of their runted neonates.

Number of

Serum Titer Runts % Deaths
Control 0 - =
Endotoxin #1 10 30 73.4
Endotoxin #2 1280 12 41.6
Endotoxin #3 640 : 12 50.0
Endotoxin #4 160 0 -
Endotoxin #5 20 10 60.0
Endotoxin #6 1280 9 89.0
Endotoxin #7 0 7 i ) |
Endotoxin #8 640 4 100.0

Table III shows the titers of 8 individual sera from mice immunized
against endotoxin and the pooled control serum. Data is also presented
for the mortality of the neonates, derived from each female, which had
received C57B1/Ks spleen cells. If one considers only those mice which
yielded 10 or more young, Endotoxin #1, 2, 3 and 5, it can be seen that
the mortality from runt disease is reflected in the titer of the mother.
For instance, titers of 10, 640 and 1280 correspond to mortalities of
73.4%, 50.0% and 41.6% respectively. The discrepancies shown by mice born

to endotoxin #6, 7 and 8 may be due to the small number of litters (1 or 2)
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representative of those females. Thése data do suggest that the extreme
variation in the severity and mortality from runt disease among litters
from endotoxin-immune and bacterin—immune female mice may well be due to
the variation in titers produced by the mothers. Another posgsibility ié
that the absorption of antibodieé, presumed to be of the IgM class, through
the gut wall of suckling mice varied from litter to litter. |

E. Bacteriology of runt disease.

The heart blood, liver and spleen of 34 mnormal A/Jax and 34 A/Jax
runts were cultured to determine the extent of bacterial invasion during
the course of the runting syndfome.

Table IV. The per cent of positive cultures from normal and runted A/Jax
mice. '

Treatment Heart Blood ° Liver Spleen Total
None : 17.65 14.71 5.88 ‘ 38.24

C57B1l/Ks spleen
cells . 14.71 23.53 20.59 58.83

As shown in.Tablé IV, 20 of 34 runteﬁ mice yielded positive cultures
from one or more organs while 13 of‘34 normal mice yieldéd positive cul-
" tures. Table IV shows the distributioﬁ of these cultures among the heart
blood, liver and spleen. This in itself is not striking but, of the 20

positive cultures from runts, 3 were identified as Escherichia coli, 13

were unidentified extremely fastidious gram-negative rods,'l consisted of
gram-positive cocci and 3 were gram-positive rods., ! This observation takes

on special significance when the 13 positive cultures from normal mice

————
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[l

were found to coqsist only of gram-positive cocci and rods. The gram-
positive cocci were most probably a micrococcus. Unfortunately, the

fastidous gram—négatiﬁe rods resisted all identification efforts by their

'
|

failure to grow in the enriched fermentation media employed.

F. Antibiotic studies.

Since bacte?iolsgical_studies revealed that a significant number of
runted A/Jax mice were infected with gram-negative bacteria presumably
arising from thé gastrointestinal tract, A/Jéx newborn which had received
C57Bl/Ks spleenjcells were givén chlo:omycetin.és described in Materials

and Methods.

'

Mean survival times were not determined because the runts were sacri-

ficed at about day 15 for hematological studies (to be described below),

Howéver, the gross appearance of the animals at this time indicated that
there would probably have been no prolbngation of survival. The antibiotic
treated ruﬁts'were indistinguishablé from.runts not feceiving the anti-
biotic. Diarrhea and liver mnecrosis appeared not to be lessened by admin-
istration of the chloromycetin.

"Attempts to administer polymixin via gavage tube failed either because
of trauma at the time of feeding or toxicicty of the antibiotic. Dihydro-
streptomycin in combination with pencicillin proved to be too toxic fof'
intraperitoneal injections into newbprn, runted micé.

G. Hematology of runt disease.

Since infections are known to promote characteristic polymorphonuclear

1

leucocytosis, hematological studies were comnducted on A/Jax mice treated

with C57B1/Ks spleen cells and on nofmal mice. IIn'addition, theﬂeffect
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of chloromycetin treatment on the hematological values of runting mice was
stud;ed. It was considered that this techniqué provided a more sensitive
index of the effect of antibiotic therapy.

The hematological values presented in Table V represent the acuumu-
lated data for at least 8 mice per group. The most striking observatiomn
is the extremely high étandafd deviation computed for the total and ;bso-
lute. counts. This is in égreement with others who have studied the.hemr
atology of the mouse (Dunn, 1954).

It can be seen that’the tétal Wﬂite blood cell count of runted mice
is almost twice as high as that of untreated mice. Further examination
of the data revéaled ;haf this rise can be accounted for by the rise in
absolute numbers of polymorphonuclear leucocytes. The polymorphonuclear
cell to mononuclear cell ratio is inc?eased from 0.53 for untreated mice
to 1.70 for runted mice. |

In general, runted mice were found to contain fewer eosinophils and
larger numbers of monocytes and nucleated red blood célls than did the
untreéted mice. There was a coﬁflete absence of basophils in all groups
of mice studied. The findings are consonant with the observation that
polymorphonucleaf 1eﬁcoéytosis signifies aﬁ infectious process §pmewhere
in the body.

No significané differences in hematbcrit values were observed. ?his
was an unexpected finding because of the anemia which usually is observed
in runt disease and in other types of,CVH reactions (Kaplan and Rosston,
- 1959; Oliner; Schartz and Dameshek, 1961). |

The hematological data gathered from the antibiotic' treated runts

I




Table V. The hematology of normal, runted and chloromycetin treated A/Jax mice?.

Number TotalP Hemato-
Treatment of mice WBC PMNC Eosin.d Lymph.e Mono.f N-RBCg P/Mh crit
None 40 2812 939 53 1709 66 47 0.53 28.7
42190 +110 454 +1166 h7 3 +90 2,07 =307
Chloromycetin 18 3558 907 80 2342 130 98 0.41 7 30;2
+1541 +933 482 +1028 +134 o M +0.21 & 253
C57B1/Ks
Spleen cells 23 5174 3124 9 1768 173 144 1570 30.0
+3930 +3190 420 +1162 +163 +146 42,10 & 6.9
C57B1/Ks
spleen cells + 8 4090 1856 2 1888 264 79 1.04 22.1 &
chloromycetin +3516 +1628 +6 +1665 +363 +120 0,28 + 9.42

8The average value is recorded above the standard deviation.
Total corrected white blood cell count.

CAbsolute number of polymorphonuclear leucocytes.

dAbsolute number of eosinophils.

€Absolute number of lymphocytes.

fAbsolute number of monocytes.

8Absolute number of nucleated red blood cells.
The ratio of polymorphonuclear cells to mononuclear cells.
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(Table V) shows #hat the absolute number of polymorphonuclear leucocytes
was significantl& reduced from the value for runts not receiving the anti-
biotic. The ratio of polymorphonuclear cells to mononuclear cells was
reduced from 1.70 for runts mot recelving chloromycetin to 1.04 for the
antibiotic treaﬁed runﬁs. Chloromycetin induced aplastic anemia has been
reported in huméns (Davis, 1958) but was not-observed in the A/Jax mice.
In summary; the only notable affect that chloromycetin had on the
hematological picture of runt disease was to reduce the number‘of poly~
~_ﬁ____m_o_rp_hgnuc,l.,e,a.r_leuco_cyjzes_.__lt_.:.i_sﬁhigh,ly.._p.robable that at least part of
the increase in this cell type seen in runt disease may be attributed to

the bacterial ‘invasion of some of the mice suffering from the runting syn-

drome.,




DISCUSSION

- The normal flora of the gastrointestimal tract and/or their toxic

products have’ been implicééed in EEE\Pathogenesis of two of the three

GVH reactions whicﬁ have been discussed, namely Fl wasting disease (Van
Bekkup, Van Putten and De Vries, 1962) and secondary disease (Comnell

'and Wilson, 1965). Because of the similarities in the pathology of the
‘three GVH reactions (Fj wasting disease, secondary disease and runt disease)
.it seemed reasonable to postulate a contribution by the normal flora in

the pathogenesis of runt disease.

The problem was first approgched by immuni!iné female breeders against
endotoxins or bgcteriﬁs of various entéric bacteria., It was presumed that
neonates born to immunized females would be passively immunized via trans-
placental antibody transmission and via antibody in the colostrum.

The passive transfer af immunity to endotoxin or bacteriﬁ had no
effect on the mean survival times of runted mice as compared to those
born to nanimmunized mothers. However, the wéight-gain of runted mice
born to immunized mothers did indicate a degree of protection. Endotoxin
and bacﬁerin-immune C3H runts gained markedly more weight than did their
nonimmune counterparts. In contrast to the C3H mice only the endotoxin-
immune A/Jax runts gained more weéight than did the controls, whereas the
bacterin-immune A/Jax runts exhibited the same low weight-gain as did the
nonimmune controls. Although botﬁ endotoxin and bacterin-immune C3H runts‘
exhibited:enhanced Weight-gains only the bacterin-immune group showed a-
decreased mortality. Among the A/Jax.runts,.only the endotoxiﬁ-immune

group showed a lowered. mortality, whereas the bacterin~-immune and non-

immune groups suffered the same high'mortality (see Table VI for a summary
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of the above).

Table VI. Summary of the effects of passive immunization on the course
of the runting syndrome?,

Recipient Miée . Weight-Gain Mortality MSTP
C3H Bacterin-im@une ' + + 0
C3H Endotoxin—i@mune . + | 0 | 0
A/Jax Bacterin—#mmune -0 ‘ o - .0
A/Jax Endotoxin-immune - + E + 0

2A "+ indicates an increased weight-gain or decreased mortality as comp~

ared to the nonimmune comntrols. A "0" indicates a weight-gain, mortality
or MST similar to the nonimmune controls.
bMean survival time. '

The fact that maternal immunization did not extend the mean survival
times of the runted mice indicates that, even if weight-gain was increased
and mortality decreased, the terminal event of a fatal GVH reaction occurs
independent of a microbial contribution in most cases. But the increased
weight-gains and decreased mortality suggests that the‘microbial flora of
thg intestinal tract contributes to and may result in some of the deaths
seen in runt disease. This is further sﬁpported by the findings provided
by the bacteriological studies. The tissues and organs of some A/Jax runts

were infected with an unidentified gram-negative rod or Escherichia coli

while the tissues and organs of others, identical in appearance to the

former, were found to be sterile.

!

It is difficult to explain why bacterin-immune' runts of the C3H strain

were protected, as shown by Weight-gain and mortality, while A/Jax bacterin-
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immune runts exhibited no protection at all. The C3H females were immu-

nized against E. ggli B and Salmonella paratyphi A, whereas the A[Jax
mice were immuniéed against the formér in addition to S. typhimurium and
8. typhosa H~90l. The additionmal two Salmonella species added to the
bacterin used to immunize the A/ﬁax females may allow one to propose that
anéigen comﬁetition could negate or decrease the immune response to all
antigens‘in the bacterin, This concept is supported by the findings of

Miller, Martinez and Good (1964). They found that simultaneous injections

of large does of Brucella abortus, typhoid H and O antigens, phage and

hemocyanin antigens into mice mutually suppressed antibody responses to
each other,

Mice born to immuﬁized mothers received the IgG immunoglobulin trans-
placentally and in the colostrum; the IgM class does not pass the placental
tissue.but is presumably transferred.via the colostrum. Since endotoxins
have been shown tofproduce IgM immunoglobulins exclusively (Arnason, St~
Cyr and Relyveld, 1964), the colostrum was probably the important anti-
endotoxin antibodylsource. Kim and Watson (1965) have shown that colostrum~
deprived pigiets-a?é much more sensitive to the iethal effects of eﬁdo-.
toxins th;n were the colostrum-fed piglets., TImmunoelectrophoresis of the
sera of colostrum-deprived piglets showed this to be due to the lack of
speéific immunoglobulin., A significant point is that the neonatal mouse
continues to absorb. aﬁtibody from the gut for 16 days post partum
(Humphery and Whiﬁe, 1964). Tﬁe duration of antibody absorption is com-~

1

. ! .
parable to the expected survival time of runted mice. Therefore, the mice
1

are capable of absorbing the antibod& throughout the course of the syndrome

i
i
¥ , ;
! !
. i
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unless absorption is disrupted by intestinal involvément.

In addition to £he induction of specific antibody synthesis endotoxin
has the ability to release preformed bactericidal antibodies already exist-
ing within mouse spleen cells (Michael, 1966), to increase both IgG énd
IgM immunoglobulins during the primary response to protein antigens
(Johnson, 1964) and induce formation of antibodies with a wide range of -
cross-reactivity among the O-antigen complex of gram-negative bacteria

(Staub, 1964). Thus in these studies it is assumed endotoxin immunization

‘\\ -

induced the formation of IgM antibodies with cross-reactivity among gram-
negative bacteria, released preformed bactericidal antibodies of different
specificities and may ha&e acted as an adjuvant to any primary response
which the mouse may have been experiencing at the time of injection.
Bacterins prepared froﬁ gram-negative bacteria induce the formation of .
both IgG and igM immunoglobulins, both of which ﬁave bactericidal activities
(Herzber, Kenny and Robbins, 1966). e

Recent experiments carried out by Stastny (1965) have shown that
antigens may be transferred from mother to fetus through the placental
tissue. This observation raises the argument that endotoxins or .other
antigenic material in the bacterins found their way into the fetus and
hastened immunological development in utero by stimulation éf the develop-
ing feticuloendothelial'system. If this were the case, one could postu-
late that thé immunologically stimulated neonatal mouse would be more
resistant to the allogeneic spleen cgils and would thus exhibit a lessened

; !

degree of runting. This would, of cthse, negate‘the concept of passive

immunity to gram-negative bacteria as the protective factor. The work

H




Lb

of Miler, et al. (1964) argues againét the concept of in utero immunologi-
cal stimula tion and adds support to the passive immunizétion concept.
They found that the omset of antibody formation in newborn rabbits could
not be accelerated by endotoxin injections, that is, endotoxins do not
hasten immunological maturity of fetal or meonatal animals.

It was nofed throughout this study that the degfee of protection.
from the runting syndrome varied from a virtually complete absence of
symptoms to mo noticeable/protecfion. This was observed from litter to
litter and, in some caseé, améﬁg mice in the same litter. Two observations
may serve to formulate an explanation for this findiné. First, the degree
of intestinal pathology varied to a great extent. It is conceivable that
severely damaged intestinal epithelium would prevent the passage of antibody
from colostrum to the blood-stream of the neonatai mouse. Secondly, studies
of the anti-endotoxin titers of 8 immunized A/Jax mice showed a marked
variation of titer:from one mouse to another. This would be reflected in
ﬁhe amount of antiﬁody passively transferred to their young. These two
factors, acting alone or together, would greatly influence the passage of

antibody from mother to fetal or meonatal mouse.

A pnotable finding in this study was the isolation of Escherichia coli
and an unidentified gram-negative rod from many of the runted A/Jax mice,
the latter being the most frequent isolate., The livers from which these

organisms were isolated contained necrotic foci in some instances and none

- in others, indicating that liver necrosis is not due to an infectious

, ) .
process. . ) :

It was presumed that organisms originated in the gut of the runted
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mouse and invaded the blood-stream, liver and spleen during the course
of the runting syndrome. Since the tissues and organs of man§ severeiy
runted mice yielded sterile inocula it must be postulated that intestimnal
organisms played little or mno role in the development of the syndrome in
these mice or that toxic products passed through the intestinal wall.
However, data obtained‘from ﬁassive immunization studies and bacteriological S
studies support the concept .that the microbial flora were able to moderately
influence the course of the runting syndrome either by direct invasion |
of various tissues or by elaborating toxic products which, after passing
from the intestine into the imminologically defenseless runt,'would further
debilitate the funted mouse

The failure of chloromycetin to reduce the severity of the runting
syndrome leads to the conclusion that the-rolé played By intestinal flora
and—their toxic products is of no major importance in the etiology of the
disease. However, hematological\Efﬁdies revealed that runted A/Jax mice
exhibit a pronounced néutrophilia, a condition characteristic of an infect-
ious ‘process. The neutrophilia of runt disease was markedly decreased by
chloromycetin injections, suggesting that bacteria do“indeed contribute,
to a small degree, to the etiology of the runting syndrome.

The conclusions drawn from the observations obtained from this study
are as follows. During the course of the runting syndrome the immunological
development of the runted mouse is inhibited by the activities of the
allogeneic spleen cells, Bacéeria an@/or their toxic products pass from

: 1
the gut and into the defenseless runt., The .resulting systemic infection

and/or toxemia contributes, in a small and undefined manmer, to the patho-
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genesis of this syndrome.

In opposition to the conclusion that intestinal bacteria do play a
role in the runting syndrome are the studies of McIntire, Sell and Miller
(1964) and Solomon (1965). These independent studies indicate that the
runting syndrome progresses in germfree mice jﬁst as it does in convention-
ally reared mice. This apparently contradicts the findings reported here.
Reed (1966), however, has advanced the argument that the runting syndrome
induced in donor-recipient combinations of great antigenic disparity would
be so severe as tolmask the effect of the intestinal flora. Runting syn-
dromes induced in aonor-recipient combinationé of moderate antigenic dis-
parity Wouldlallow the ﬁormal flora to express itself in the pathogenesis
of the disease. jutila and Weiser (1962) have shown that the severity
of runt disease, as measured by mean survival times and mortality, is
directly related to the antigenic disparity between donor and repipient
mice.

Thus, when sﬁudying the etiology of the runting syndrome from the

standpoint of a bacterial contribution the experimental approach must be

carefully controlled as to donor-recipient combinations used, dosage of
runt disease-=inducing lymphoid cells,and the criteria used in determining

the course of the disease.

i
|




SUMMARY
The injection of C57B1l/Ks spleen cells into C3H or A/Jax neonatal
mice produces a fatal runting syndrome, Runted mice passively immunized

against endotoxins or bacterins of Escherichia 'coli and Salmonella species

showed increased weight-gain and decreased mortality as compared to non—»
immune controls.

Bacteriological studies of the heart blood, liver and spleen of runted
A/Jax mice revealed that many suffered a systemic infection. The isolates
consisted of E. coli and an unidentified gram-negative rod, the latter
beiné'the most frequent isolate. Hematological studies of runted A/Jax
" mice revealed a pronounced neutophilia which is characteristic of an
infectious procéss. Chioromycetin reduced the neutorphilia but did not
decrease the severity of the symptoms characteristic of the runtirg: syndrome.

It is concluded that bacteria and/or their toxic products originating

in the intestinal tract of the immunologically enfeebled mouse contribute

to a small degree to the pathogenesis of the runting syndrome.
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