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GENERAL INTRODUCTION

Swlne dysentery ls a mucohemorrhagic dlarrheal
disease of growing swine caused by an anaeroblc
spirochete, Treponema hyodysenteriae. Swine dysentery is
a costly disease for the pork producer, not only because
of direct mortallty loss, but also from the expense of
suppressling and/or treating the dlisease with antlbiotlics
Incorporated In the feed. Dlagnostic tests to identlify
carrlier or asymptomatic plgs are not readlly avallable,
and standard dlagnostic procedures for swlne dysentery
Include clinical and pathologlcal signs, bacteriologlical
culture, and serology.

Though Treponema hvodysepterlae has been found to be
the etlologlical agent of swlne dysentery, pathogenetic
mechanlsms In the dlsease have not been elucldated. Many
ultrastructural and histopatholcaical studles have been
performed on tlssues from swine with dysentery under
control led conditlons, and many observations of
pathological changes have been described. However, no
virulence mechanism(s) has been concluslvely demonstrated
in vivo. 1Initlal leslons in tissues have been correlated
with the presence of the splirochete, however, the

progressive, fulmlnating, mucohemorrhagic diarrhea has



not been wholly attributed to the splrochete; thls is
evidenced by results obtalned from experiments uslng
anotoblotlic animals., If It |s to be assumed that T.
hvedysenteriae alone Induces clinlical disease, |t would
be expected that gnotobleotic animals would develop
gsymptoms similar to those in conventional animals.
However, since gnotoblotic anlmals develcp a much less
severe dlsease, the deveiopment of leslons and clinlcal
signs may be attrlbuted to secondary opportunistic
bacterial Invaslion or toxin productlion as well as host
Inflammatory cell responses.

Convalescent swlne appear tco be refractory to
reinfectlion with T. hvodysenterliae, but the baslis for
development of reslstance has not been adequately
defined. Efforts have been made to develop parenteral
vacclnes, but results have only been nomlinally
successful. Little has been done to address the
development of mucosal Ilmmunlty to swlne dysentery. Thls
disease ls primarily confined to the mucosal surface and
the development of specific local lmmunity or enhanced
non-speciflc Immune mechanisms actlve at the mucosal
surface needs to be examlned.

The research described in this thesis deals with the
effects of swine dysentery on the mucosal surface of

Infected anlmals. Speclflcally, the role of mucosal mast



cells In concert with T lymphocytes was examlned In the
development of the dlsease. It has been speculated that
mast cells are Involved In the dlsease process, elther
directly or Indlrectly. The following materlal detalls
the populatlon dynamics of mucosal mast cells and T
lymphocyte subsets In the murlne model of swlne
dysentery. The ablility of MMC to directly effect the
development of lesions was examined uslng a mast cell
deflcient mouse model.

The dlfferences in rodent connective tissue mast
cells (CTMC> and mucosal mast cell (MMC) populatlons have
peen well described. 1In the rodent, Investigatlon of a
cecltis/collitis would lnvarlably Involve research In the
functlion of the MMC. However, porcine CTMC and MMC
populatlons have not as yet been descrlbed ln terms of
medlators possessed or degranulatlon stimull. Therefore,
slnce 1t would be possible that different characteristics
would be possessed by porcine MMC, the Inclusion of CTMC
information ls also included In the literature review.

During the course of this research, the parameters
of the dlsease in the mouse were deflned, such as H2
involvement, parenteral Immunizatlon protectlion, and
influence of |lpopolysaccharide (LPS) genes. Since the
convalescent plg appears to be refractory to challenge,

and the Immunologlc basls of thls flnding Is not as yet



known, the use of the mouse model facllltated the
examination of varlous genetlic parameters in relation to
a T. hvodysenteriae Infectlon.

The Inltial and primary goal of this research was to
determine If the mucosal mast cell contributed to lesion
formation In swine dysentery. In utllizling the murine
model, other genctyplic Inbred tralts were tested to
determine the character of the disease. It ls Intended

that results obtalned from these experliments can be

extrapaolated to swine,



EXPLANATION OF THESIS FORMAT

Thlis thesls Is belng submitted In the alternatlve
format, which Includes one manuscript to be submltted for
publication and four appendlices. The manuscript Is
entitled "Effect of Trepanema hvodysenterliae Infectlon on
the Populatlons of Mucosal Mast Cells and T Cell Subsets
in the Murine Cecum", and will be prepared ln the style
of Reglopal Immuncloay. The appendlces are entitled
"Protection Studies in the Parenterally Immunized Mouse"
(Appendix 1), "Studles of Potential Involvement of Murlne
HZ Haplotype on Challenge with Trepconema hyodysenteriae"
(Appendlx 2), "Mouse Straln Challenge Studies" (Appendlx
3>, and "Involvement of the jityl or ity® Gene In the
Pathogenesis of Treponema hyodysenteriae in the Murlne
Model" (Appendix 4).

A literature review precedes the manuscript, and
clted sources are llsted in the bibliography immediately
foi]owlng: Literature cited In the manuscript is 1llsted
in the bibliography section of the manuscript. Any
literature clitations in the appendices Immediately follow
the respectlve appendix. All clitatlons are listed in the

format of The Jourpal of the American Medical

Assoclation, the form required for manuscripts submlitted



to the Journal Realonal Immungloavy. A general summary

follows the manuscript.



LITERATURE REVIEW

The presence of mast cells In connectlve tlssue has
been known for some time (1), however, mucosal mast cells
were flrst described In the lamlna proprla of rats by
Maximow (2). Enerback (4> and Kitamura et al. (3) have
defined varlous aspects of the mucosal mast cell (MMC)
populatlon, Including flxatlon properties, stalning
characterlstics, and tlssue locatlon.

The connectlve tlssue mast cell (CTMC) population In
the rodent occurs |ln loose connectlive tlssue and the
peritoneal cavity. The intestinal MMC population,
however, only occurs In the Intestlinal lamina proprila,
gut mucosal eplthellum, and mesenterlc lymph nodes (5).
In contrast to CTMC, the MMC population In the rat has
been shown to be refractory to stalnlng after formalln
fixatlion, to contaln dlffering concentrations of
vasoactive amines and proteases, and to be under the
Infiluence of Lyt 1+ 2- T cells. Both CTMCs and MMCs
possess 1gE receptors and are degranulated following
gpeclfic antlgen or antli-IgE treatment (6). The
differing qualltlies of these two mast cell populations
led Investlgators to lnvestlgate the ontogeny of these
cells. A small amount of research has been reported on

the origin and heterogeneity of mast cell populations in



the dog (73, but most of the ontologlical studles have
been done In the rat and mouse (4,5,8,9).

The primary questlion that arises ln a discusslon of

MMC origln ls whether the terminally differentiated MMC
ls a thymus-derlved |lymphocyte, or dlrectly derlved from
a bone marrow precursor cell. Currently, It Is
Indetermlnable whether CTMC and MMC arise from the same
precursor cells and terminally dlfferentiate due to In
sltu Influences, or, alternatlvely, arise from different
bone marrow precursor cells (6).

To determine MMC orlgln, Kltamura et al. (8,9
demonstrated that grafted bone marrow cells reconstitute
mast cells In lrradlated genetlcally normal mlce, and
also subsequently showed that homozygous recesslve mast
cell deflclent W/WY mice could also be mast cel)
reconstltuted by bone marrow grafts from normal +/+
llttermates (10>. To carry thls investlgatlon further,
Kitamura et al. (11) determined whether the bone marrow
mast cell precursors also circulated via the bloodstream.
In this study, a mouse to mouse skin parablosis (two
different histocompatible mice surgically attached) was
surgically created between normal C57BL/6 mice and
Chedlak-Hlgash!| belge C57BL/6 (bg/bg) mice. The
Chedlak-Higash!| belge mice possess a granulated cell

defect creatling large "giant granules" wlithin mast cells



which are easlly recognlzed by llght microscopy. After
parabliosls, the normal mouse of the parablont was
lethally X-irradlated, while the bg/bg mouse was
shlelded. After Irradlation, less "normal-type" mast
cells appeared in the Chediak-Hligash! mouse when compared
to a non-irradiated parabliont. In non-irradiated
parabionts, normal mast cells developed in the bg/bg
mice, and Chediak-Hlgashl glant granulated mast cells
developed In the normal mice. From these reports
(8,9,10,11> |t was concluded that mast cell precursors
orlginate in the bone marrow and that they clrculate In
the bloodstream. In addition, Zucker-Franklln et al.
(12> showed that collected mononuclear cell fractions
from rat peripheral blood yielded colonies ldentified as
mast cells In an ln vitro soft agar culture technlque.
The colonles exhiblted IgE Fc receptors, contalned
histamine, and were ultrastructurally and hlstochemically
simllar to CTMC (12).

To specifically investigate the ontogeny of the MMC,
the homozygous recessive W/WV pouse has been used
extenslvely. Thls mouse strain (to be discussed later)
has less than 1% of the normal complement of both CTMC
and MMC. It has been shown (3) that W/WY may be
MMC-reconstituted with bone marrow transpiants. Also,

Sonoda et al. (13> showed that the implantation of a
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single perltoneal mast cell (CTMC) into the stomach
mucosa of the W/WY mouse resulted in the development of

poth MMC and CTMC populations. In addlition, Kitamura et

al. (3) developed MMC in vitro by culturing
hematopoletlc cells with a mast cell growth factor
simllar to Interleukin 3 (IL 3>, The cultured cells
developed many MMC features (3), and, after Injectlion
into the peritoneal cavity of W/WVY mice, these mice
developed CTMC cells in the perlitoneal cavity. These
data and that of others (13) suggest a common precursor
cell, which, upon specliflc mlcroenvironment maturation
influences, will differentlate Into elther a CTMC or an
MMC.

Connective tissue mast cells are found in varying
numbers In loose connectlve tlssue and are sltuated
adjacent to most blood vessels. Subseguent to
approprlate flxation, the granules of CTMC stain
metachromatically wlth baslc dye staining, l.e., with
toluldline blue stalnling, at hlgh pH the granules stain a
reddish color rather than blue, and at a low pH the
granules staln blue. Transmission electron microscopy
(TEM) reveals that the CTMC population possesses a well
developed Golgl apparatus, but a small number of
ml tochondrlia, free ribosomes, and granular endoplasmic

retlculum (1),
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The granules contalned within the CTMC contaln a
variety of medlators and enzymes (14,15), including
histamlne, heparin, and varylng amounts of serotonin (5
hydroxytryptamine, SHT).

Connectlive tlssue mast cells are actlivated to
release thelr soluble medlators by either classlical
IgE-induced or non-specliflc mechanlisms. Currently,
deagranuiation is believed to be controlled by transient
Intracellular increases in cyclic adenosine monophosphate
(cAMP) which Is regulated by calclum (16). Although
IgE-medlated (speclfic) degranulation appears to utilize
cAMP-medlated pathways excluslively, non-specific
{chemical ar physlcal factors) degranulation appears to
Involve multiple blochemical pathways (17).

The classical model of CTMC immune-stimulated
degranulation involves the binding of IgE {(ecytophlilic
antibody) via Fc¢ receptors on the CTMC cell membrane.
After cross linking of two or more antigen binding sltes
by speclfic antigen (allergen), the CTMC cell membrane s
"perturbed", and granules are released. Stanworth (18),
using synthetic peptides, has suggested that IgE 13 not a
rassive signalling immunoglobulin, but rather, after
being cross-linked by antlgen, possesses sltes In the Fc
reglen which then slignal an adiacent regulatory protein

on the cell membrane, thus effecting granule release.



Connectlve tissue mast cell granules contain
nistamlne, and recent work suggests an Interaction of

thlis medlator with neutrophils. The CTMC functional

Interaction with neutrophils, In fact, might be
bl-dlrectionally contreoclled. Fantozzli et al. (19) have
shown that passlvely senslitlzed rat serosal mast cells
(i.e., CTMC Incubated wlth IgE), when caused to
degranulate by acetylcholline, decreased superoxide anion
formatlon by N-formyl-methlonyl-leucyl-phenylalanine
(FMLP)> stimulated human neutrophlils. Conversely,
Incubating non-sensltlzed CTMC with FMLP-stimulated
neutrophlls caused histamine release. In view of thls
work, it is possible that CTMC (via hlstamine) have a
regulatory role In the development of !nflammatlion.
Hlistamlne l!s a vasoactlve amine autocold secreted
and produced during inflammation, and is primarily
recognlzed for its role In atopic or allerglc condltions
(20>. Hlstamine is a low molecular weight (formula
welaght 111, amline (20) formed by the decarboxylation of
histldine by the enzyme histidine decarboxylase. In
vivo, catabollism or tlissue breakdown of histamine Is
either via methylatlon of the pyrole nltrogen by
histamine methyl transferase (20,21), or else by
oxidative deamination, vielding imidizoleacetic acid

CIAAY by dliamine oxidase (DAQ)Y (20,21). Histamine
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methyltransferase actlvlity Is found within monocytes and
tissue fluids, while dlamine oxldase actlvity ls found
withln polymorphonuclear granulocytes (PMNs) (202 and
eoslnophlls (22). In this capaclty, eoslinophils,
neutrophils, and monocytes participate In the regulatlon
of histamine-induced effects.

The major stores of histamine are found within
tlssue mast cells and clirculating bascophlils. Although
the major blogenlec amine In these two cell types is
histamine, these cells also contaln varying amounts of
heparin, chemotactic factors, leukotrlenes,
prostaglandins (23>, and proteolytlic enzymes (20).
Degranulation of histamine-contalinlng cells may be caused
by a number of factors Inveolving either lmmune or
non-gpeciflc stimull. Nonspeciflc stimull for CTMC
degranulation include various physical agents (e.g.,
traumal, and chemical compounds (e.g., compound 48/80
(243)>. The immune stimulated degranulation of CTMCs and
casophils iIs now belng recognized as a complex process,
involving any or all of the following: antigen-antibody
reactlons (20,25), anaphylatoxins (23,26,27), lymphcklines
(27,228,293, activated neutrophlls (30), and low doses of
esterase Inhlbltors, such as dllsopropyl flourophosphate
(31>. Ultrastructurally, the histamine-containing celils

appear to exocytose thelr granules after an increase of
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Intracellular cAMP (32,33) and calclum (34) followed by
perturbatlons In the cell membrane caused by the fuslon
of secretory granules with the mast cell membrane (35).
“Gating" of intracellular Cat2 appears to be under the
control of a guanine nucleotlde binding proteln (36>, and
actin fllaments appear to be Inveolved with the
degranulatlon (37). Granule release is Inhiblted by
varlous concentrations of zlinc, whlich blocks calclum ion
uptake (38>, MMCs do possess surface and cytoplasmic IgE
receptors and degranulate due to Immune stimulation (6>,
but are less prone to nonspeclflically degranulate than
the CTMC.

Hlstamlne has varlous ln vivo effects on cells
bearing H1 or HZ receptors. H1 tissue receptors mediate
the classical and well known broncho-constrictlion, gut
contraction, and flne blood vessel dilation €(20,39>. H2
class receptors regulate gastrlic acld secretion and are
cardlac chronotropes. In addltlon, some physiological
phenomena, such as vascular dilatlon, appear to be under
the Influence of both H1 and H2 receptor control (39,40).

The respconse of cells to histamine stimull appear to
be closely tied to changes In intraceliular levels of
cAMP and/cor cGMP (20). In vitro keratlnocyte cultures
show that an Induced lncrease In intracellular cAMP

caused a reduced mltotic rate (20). However, other
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research now shows that hlstamine, In fact, causes
prollferatlon of human microvascular endothellal cells
(41>, and lncreases |n vivo mesothellal cell, flbroblast,
and Jejunal mucosal eplthellal cell mitoslis via H2
receptors (42,43>. Abnormal tlssue flbrosls has also
been asscciated with degranulating mast cells In
conJunction wlth T lymphocytes (44).,

In order to study hlstamine-immune system
Interactions, investigators locked at which lymphocyte
populations possessed histamlne receptors. It was found
that dlverse subpopulatlions of leukocytes possessed
histamine receptors, including peripheral blood or 1ymph
node lymphocytes (45,46) and thymic lymphocytes (45,47).

In functiocnal assays, exogenously adminlstered
histamine increases Intracellular ¢AMP In basophils and
mast cells, causlng a blockade of histamine secretion by
these cells (negatlive feedback). Also, administered
hlstamine has profound effects on PMN inflammatory cell

functions as summarlzed In Table 1 (Adapted, 20).
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TABLE 1. Effects of Histamlne on Inflammatory Cells

Cell type = Functlon = Effect of histamine

neutrophils chemckinesls None
chemok inesis, actlvated Increase
chemotaxls, actlvated decrease
lysosomal enzyme release decrease
cycllic AMP Increase

membrane potentlal,

actlvated decrease
superoxlde anlon

productlon decrease

peroxide formation decrease




Histamlne has also been proposed as an
Immunoreaulatory molecule for varlous immune effector
cells (48>, A compllation of these known effects ls

summarlized In Table 2 (Adapted, 20).

TABLE 2. Effects of Hlistamlne on Inflammatory Cells

Cell type Actlvlity Effect
T-cytotoxic lymphocyte cytotoxicity decrease
Natural Kliller cell cytolytlic activity decrease
T cell blastogenesls decrease
lymphok ine

production decrease
Suppressor T cell blastogenesis Increase
Contrasuppressor cel]l generatlion of hapten

gsel f-cytotoxlec T

cells increase
B lvymphocytes(mouse) 1gG response (SRC) decrease
B lymphocvtesChuman) Immunoglobul In

response decrease
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Gut mucosal mast cells are located withln the
Ilntestlnal lamina propria. There Is additlonal evidence
to suggest that MMC are present in the mucosal eplthelium
and mesenteric lymph nodes (49). Recently, Kawanishl and
Ihle (50> have also demonstrated probable MMC precursors
In the Peyer’s Patches (PP) of the mouse. After
screenling against T lymphocytes, B lymphocytes, and null
cells, the resultant PP cell fraction was grown in the
presence of interleukin 3 (IL 3). The predominant cell
populatlon was IL 3-dependent, whlch did not express la
antlagens, and did not have T, B, or macrophage cell

surface markers. The cells released hlstamine in

response to CaZt jonophores, but not to compound 48/80.
All these characteristics are consistent with those of
the MMC. 1In the PP, the MMC could be exposed and
potentlally Interact with "new" antlgens in conjunction
with the lymphocytes composing the Gut-Assoclated
Lymphoid Tissue (GALT)>. HNo research has been performed
on gut MMC demonstratling a role In antligen processing,
but regulation of the gut mucosal Immune response mlght
be possible through release of mediators, Including
histamine (20).

Utillzlng transmission electron microscopy, no

adequate or ldentlfiable marker has been found for the

MMC ¢(51). Folliowing Infection with Nippostronaylus
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brasilliensis, Greenwood et al. (51) examlined rat
Intestlnal tlssues and described the rat MMC granules as
being more electron dense and larger and fewer In number
than those of CTMC. It was also observed that MMC have a
hlgher nucleo-cytoplasmlc ratlo than the CTMC population.
The cellular morphology of the rat MMC was similar to
that of the human and primate (51).

The major dlfferences between rodent MMC and CTMC
are listed below:

1.> Degranulatlon stimuli: 1In contrast to CTMC,
MMC do not respond to secretagouges such as compound
48/80 or bee venom peptlide 401 (52,53). MMC are also
hyporesponsive to antl-IgE, speciflc antigen (both
speciflic stimulaticon), and some calclum lonophores (53).

2.2 Degranulation blocklng agents: Many
pharmacologic agents exist which will block degranulation
of CTMCs, lIncluding intracellular Ca*2 modiflers, such as
theophylline and prostaglandins (54), flavonolds, whlich
Iinclude disodium cromoglycate (53), colchiclne-1ike
drugs, and rat transferrin (55). Shanahan et al. (56)
also reported that endogenous rat endorphins had a
secretagouge effect on CTMC, but not MMC. O0f all the
blocking drugs available for the CTMC, only doxantrazole,
a flavonold, is effective in blocking both MMC and CTMC

In a dose-dependent fashion (54),
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3.) Granule enzymes and medlators: The CTMC
populatlon has been shown to possess many dlfferent
enzymes and soluble mediators including elastases and
cathepsin G (14>, sulphated glycosamlnoglycans (i.e.,
heparin) (57,58), histamine (59>, SHT (60>, and, in the
rat, rat mast cell protease I (RMCP I). MMC populatlons,
however, possess a glycosamlinoglycan wlth a lower degree
of sulphatlon than the heparln of the CTMC (61>. MMC
possess an over-sulphated galactesamlnoglycan descrlibed
as chondroitin sulphate E (57>. In the rat, MMC contaln
less histamine than CTMC (62,59), a relatlvely higher
percent composltlon of SHT (63>, and a chymotrypsin-|lke
serlne protease known as rat mast cell protease 11 (RMCP
II1> which 1Is known to selectlively dlgest type IV collagen
(6,64) and can be quantlified in the blood (65).

4) T cell control: MMC appear to be under the
dlfferentiatlve control of T cells (&, 66)., MMC are
known to be under the proliferative control of a secreted
IL-3 or 1L-3-11lke molecule from an Lyt 1+ T cell (66).
CTMC have not been shown to be regulated by T helper
cells (67,68).

5.2 Degranulation: CTMC may be degranulated elther
by non-lmmunologic or by immunologic mechanlsms.
Non-immunologlec degranulation may be triggered by

previously descrlibed substances or chemlcals, and relles
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on the mebillzation of Intracellular calclum (69).
Immunologlc degranulation ls accompllished via antlgen-IgE
recognltlon and the cross llnklng of adjacent
immunogleobulln molecules by antligens, Is heavily
dependent on extracellular calclum (69), and the response
ls slowly lnactlvated (69). MMCs In the rat may be
stimulated to degranulate lmmunologlcally, but less
non-specific stimulation ls cbserved (6),

6.2 Granular morphology: The CTMC possess more
numerous and larger granules than the MMC (é>. The CTMC
was dlfferentlated morphologlcally from other cell
populations due to the presence of readily stalnable
granules which were observed In formalln fixed tissues,.
However, specific staining of fixed MMC granules has only
recently been reported (70). Enerback (70) hypothesized
that the poor staining of MMC resulted from the
extraction of the soluble glycosaminoglycan durling
formalin fixation. More recently, Wingren and Enerback
(59> demonstrated that long staining times (5-7 days) In
alclan or toluldine blue after formalin fixatlion would
result in stalned MMC granules. The currrent hypotheslis
Ils that formalin and glutaraldehyde flxatlves form
proteln crossllinks and proteln diffusion barriers which
mask or cover up the speciflc catlonic binding sites of

the MMC but not the CTMC granules (59,71). This
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observatlon demonstrates differing spaclal arrangements
of glycosamlnoglycans and proteln In CTMC and MMC
granules (71).

Most histologic work examining MMC s performed wlth
tissue flxation In Carnoy’s fluld (72,73, a coagulatlive
fixatlve., Coaagulative fixatlon does not form nltrogen
cross links in protelns (as do glutaraldehyde and
formalin), allowing the blue dye uptake by the MMC
granules of toluldlne blue, alcian blue, or astra blau
(59) In an aclid stainlng solutlon (pH 0.5). The MMC
populatlion has a postulated role In nematode expulsion
from the rodent and ovine intestinal tlssue (74,75).

Most research deals wlth helminth expulsion in mice and
rats, although Gustowska et al. (76) did report an
Increase In human Jejunal MMC after Infectlon by
Irlchinella spiralls.

In rodents, speclfically the rat, mucosal
mastocytosis as well as goblet cell prollferation (77,78)
occurs at the time of T. sepliralls worm expulslion.

Fellowing Nippostrongylus _brasillensigs infectlion, the

increase in MMC Is reported to occur after worm expulsion
(78). Huntley et al. (79) also reported that mucosal
mastocytosis occurred in normal rats 14 days after
Iinfectlon with Elmerla nleschulzl oocysts. Nude rats, T

cell deflclent, did not develop thls response. Thls work
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has shown that gut mastocytosis may be Induced with a
unicellular parasite (79).

Immunoparasitologlsts also report that the
chymotrypsin-1ike protease that MMC possess (ln rats,
RMCP 11> which enzymatlcally degrades type IV collagen,
increases concurrently with increases in the MMC
population. Xing et al. (80) investigated RMCP II levels
both in naive and In N. brasllensis-infected rats. After
Induclng anaphylaxls with worm antlgen, systemlc levels
of BRMCP II lIncreased signiflicantly, and MMC populations
were depleted or degranulated in the jejunal, gastric,
and colonic mucosa (80). These findlngs were lnterpreted
to support the contentlon that MMC are the major source
of RMCP II. Huntley et al. (79) also demonstrated that
coccldlal infectlions increased the systemic concentratlion
of RMCP 11 enzyme and that the Increase was dependent on
the dose of ococysts glven to the rats. Conversely, in
the same study (79>, nude rats did not exhibit lncreases
in RMCP 11 in response to cocclidlal Infection.

The strongest evidence for the participatory role of
the MMC In parasite expulsion is illustrated by using the
W/WY, mast cell deficient, mouse strain. In 1978 it was
reported that the W/WY mouse strain was CTMC (10,81) and
MMC deficient (82). This mutant mouse strain possesses a

genetic defect In undlfferentiated stem cells and has a
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macrocytlic anemla (83). W/WVY mice have low or

undetectable levels of mast cell assoclated histamine or
heparin (83), but Interestingly have normal levels of
(S5HT> in the gut tissue (60).

Even though the W/WY has a macrocytic anemia, Ha et
al. (B1) demonstrated that W/WY mice were immunolcgically
competent (l.e., Immunoglobulln synthesis, contact
hypersensitivity, and delayed type hypersensitivity).
However, Ha et al. (B84) demonstrated that W/WVY mice
expelled adult T. gpiralls slower than their normal
littermates, and that after bone marrow grafts from
normal littermates, expulslion of adult T. gplralls was
accelerated (84). In 1984, Oku et al. (85) showed that
MMC -reconstituted W/WVY mice expelled T. splralis as fast
as normal mice; in addition, lymphopolietic derlived grafts
falled to reconstitute MMC populatlons or allow normal
expulsion of T. gplralis in the W/WY mice (85). However,
It was shown (86,.87) that MMC reconstlitutlion of W/WY mice
did not enhance the elimination of N. brasillensis
infection. Secondary or tertlary challenges of W/WV npice
with N. brasiliensis resulted in accelerated (same as
control mice) expulsion; this was theorized to be due to
hlgher speclflic IgE titers In the W/WY mice (86).

The interaction of eosinophils and MMCs has been

described by Kamiva et al. (88). In W/WY mice,
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eosinoph!]l Inflltration was identlical in guantity as the
normal llttermates. In addition, comparable gpeclflic
antlbody responses were noted in both mouse strains (88).
However, the lncrease |ln eoslinophils was not associated
with accelerated expulsion of T. spiraligs from the W/WV
mice (78,84,85).

Numerous rodent models are avallable to lnvestigate
the role of mucosal mast cells in enterlc dliseases.
Inbred strains of mice which are avallable for study
Include athymlc nude mice, mast cell-deflclent mlce,
belge mice, and germ free mice; In additlon, rats have
been used to investigate the role of MMCs In various
mucosal diseases.

Wal et al. (89) investligated levels of histamine as
well as MMC numbers In germ free and conventlonal rats.
The total tissue histamine content as well as MMCs were
Increased in the conventlonal rat small intestline in
comparlson to germ free rats. Interestingly, the germ
free rats had higher levelis of tissue histamine In the
colon and higher MMC numbers In the cecum and colon (89).
These differences could be explained by the higher
dlamine oxldase activity (DAO, a histamlinase) of the
microflora-stimulated mucosal epithellum as well as that

of the microflora of conventional rats (89).
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The possible effects of MMC mediators (i.e.,
histamine, heparln, or serotonin’> In the development of
lesions are numerous. It has been suggested that mast
cells promote endothellal ceil mligration and anglogenesis
during venous ulcer granulation tissue formation (%0).
Also, hlistamlne can modulate mesenteric basal cell
proliferation in vitro (42> and has been shown to cause
prollferation of human mlcrovascular endothellal cells
(41>. Flne blood vessel dllatlon may be
histamine-induced via an H1 receptor ¢(20,39>. In vivo
fibroblast and Jjejunal mucosal eplthellal cell mitosis
has been shown to Increase after stlmulatlon of histamine
HZ2 receptors (42,43); abnormal tlssue fibrosls has also
been assocliated wlth degranulating mast cells (44).
Following Immune complex Induced Inflammation, hlstamine
has been shown to be the cause of post-caplllary venule
vascular leakage (91). Many neutrophil bacteriocidal
functlons are Inhiblted and suppressor T cell
subpopulatlions appear to be increased as a result of
increased histamline concentrations (20). Murine and
human Immunoglobulln responses are also inhiblted in
general by histamine (20).

Various bacterial components have been shown to
Induce histamline release from different histamine

posltlve cells. Human basophlls have been shown to
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degranulate as a consequence of staphylococcal protein A
(92,93) or peptldoglycan preparatlons (93> stlmulatlon.
In addltion, Scheffer et al. (94) demonstrated that
hemolytic stralns of Escherichia ¢oll lnduce higher
histamlne release from rat perltoneal mast cells (CTMCs)
in comparlison to non-hemolytic stralns.

E. coll endotoxin, infused endoportally Into rats
(95), caused an Immedlate decrease In the number of
serotonin-contalning mast cells which was concurrent with
changes In hepatlc microclirculation. Thls obhservatlon
suggests a direct relationship between bacterial
| lpopolysaccharlde (LPS)> and mast cell degranulatlon as
well as subsequent pathologle changes of tlssue organs.

Histamlne also enhances natural klller (NK) cell
activity In the presence of monocytes (962 while
histamlne decreases NK actlvity In the absence of
monocytes <(20>. Thls lncrease Iin NK cell actlivity was
not due to endogencusly formed iInterferon (96) as
interferon assays of the test system were found to be
negative. Dimaprit, an HZ receptor agonist, mimlcked the
histamine potentiatlion, and H2 antagonlsts (cimetlidine,
ranltidine) abolished the effect. Thus, Hellstrand and
Hermodsson (96> speculated that histamline directly or
Indirectly interferes with the regulation of the natural

killer cei]l by the monocyte population.
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A populatlon of mucosal cells recently recognlized as
belng similar to MMCs are Intraeplthellal lymphocytes
(lELs>. These cells reslide between mucosal eplthellal
cells and possess a few granules which have stalnlng
characteristics similar to MMCs. The functions of these
cells are not known, however, lt Is speculated that two
subpopulations of 1ELs exist, one belng T cell dependent,
and the other beling T cell Independent (97). The IELs
have been theorlzed to be degranulated MMC (98). It has
been found that IELs possess granules contalning
histamlne and sulphated glycosaminoglycan (99). However,
the glycosamlnoglycan of the IEL appears to be less
sulphated than that of MMCs (100>. As further evidence
that TELs and MMCs have similar lineages, W/WV mice do
not exhibit IELs even upon nematode infection ¢(101). If
IELs are ontogenologically and functionally similar to
MMCs, they would also be involved in mucosal responses
and mlight directly affect the mucosal epithelial cells
surrounding them.

No work has been performed on the role of MMCs or
CTMCs in the pathogenesis of swine dysentery. However,
researchers have observed colonic microvascular changes

in plgs Infected with T. hyodysenteriae suggestive of a

nlstamline Induced response (102).
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Swine dysentery was first descrlbed by Whiting et
al. In 1921 ¢103>. The etlologlc agent was Initially
auspected to be a Vibrio spp. (104), but was later
Isolated and descrlbed as a splrochete by Harrls et al.
(105,106,107> and Taylor and Alexander (108>. The
splrochete, T. hvodysenteriae (i05,106,107>, was found to
be gram negative, motile by means of 7 to ¢ periplasmic
flagella, beta-hemolytic, anaeroblic, oxldase and catalage
negative, and weakly glucose fermentative (105,106,107).
Mlcroscopically, the organism ls splral-shaped and
loosely colled with one to three colls per bacterium.

Taylor and Alexander (108) also lsolated a
morphologically similar bacterium which did not produce
c¢linlcal slans In plgs, and could be dlfferentlated from
pathogenlc speclies by Its weaker beta-hemolytlc activity,
In 1979, Klnyen and Harrls (109> named thls
non-pathogenlic species Treponema jnnocgens.

Dlagnostically, the pathogenic T, hyodysenteriae may
be dlfferentiated from T. jinnocens by lts strong
beta-hemolysis, its enteropathogenicity In mice (110),
and by differences In APIZYME biochemlcal tests
(i11,1125.

The diagnosis of swine dysentery is based on clinical
slgns, dark fleld microscopy, Victoria blue-stalned fecal

smears (113), and culture of the organism on selectlive
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media (114>, Differential dlagnoses should lnclude
Trichurls suls Infestatlons (whlpworms), enterlc
salmonellosis, necroprollferative enteritls (l.e.,
proliferative ileitis), coccidicosis, and clostridial
enteritis (114>. Control of the disease Is achleved by
environmental sanltatlon, carefully re-introducling
disease free stock, and antiblotic therapy (i.e.,
llncomycln, tlamulln, and carbadox? (115).

Experlmental animal models avallable for swine
dysentery Include plgs (105-108,116>, mlce (110,117-119),
and chick poults (120). Also, ligated swine colonlc
loops have been used In pathology trilals (121>. In 1980,
Joens et al. (110) described an enteropathogenlcity test
differentiating T. hvyodyvsenteriae from T. lnnocens by per
cos infection of CF!1 mice. The gross leslons noted in the
murine cecum were as follows (110>: serosal opacity,
catarrhal enteritis with large quantlitlies of intraluminal
mucus, mucosal hyperemia, and occaslonal hemorrhage.
Histologically, crypts exhiblited cellular lIrregularitles,
goblet cell prolliferation, and leukocytic lnflltration in
the submucosa (110). Adachi et al. (120) recently
described an infection model utllizing young broiler
chicks. After Infectlon, T. hyodysenterlae was cultured
trom the feces and clinlcal signs of diarrhea were noted.

Pathologlcal and hlstologlical examinatlon demonstrated
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roughened cecal mucosa and epithellal erosion. These
models exhlblt simllar pathological signs to that
observed In swlne dysentery, although cllnlcal slagns
(mucohemorrhaglec dlarrhea and mortallty) are seldom
observed,

The pathologic condition in swine following infection
with T. hyodygenterjae ls classifled as a severe
catarrhal colitis, with Intraluminal hemorrhage leading
to a non-resorbtive condition In the cecum and large
colon (106,121). The pathogenesis of the dlsease,
however, is less well understood. To date, two or
possibly three virulence determinants of T.
hvodysenteriase have been descrlbed. These Ilnclude a
hemolysin (122-124), LPS (117,118), and a cytotoxin
(125).

Saheb et al. (122) flirst extracted and seml-purified
the hemolyslin from T. hyodysenterlae. The hemolytic
activity In broth cultures was greatest during log phase
and then declined during stationary phase (126). The
treponemal hemolysin appeared similar to the hemolysin of
group A Streptococcus spp., streptolysin S, In that both
hemolysins are oxygen resistant and productlion appears to
Increase when the culture s supplemented with sodlum
rlibonucleate (122,123,127). The hemolytlic activity of T.

hyvodvsenterlae can be inhiblted by sucrose and trypan
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blue (123>, which 13 also slmllar to Inhlbltlon of
Streptolysin § (127>, Streptolysin § has been shown to
decrease T rosette formation, and, in a dose dependent
fashion, show cytotoxicity for murlne and human T
|ymphocytes (127).

Saheb et al. (128> further classifled the hemolysin
of T. hvodysenterlae as belng oxygen and pH stable (122),
heat lablle (122), decreasling murlne splenocyte
mitogenesis (128), and causing fluld accumulatlion in
|lgated rat lleal loops (128). TI. hyodysenter]ae
hemolytlc activity was sensltlve to llipase and pronase
digestion (128). Additional studles (126) demonstrated
that hemolysins from T. hvodysenteriae and T. lnnocens
dlffered In thelr hemeolytic activity and their
sengltivities to various phosphollplds.

In 1982, Lemcke and Burrows (124) reported that RNA
Is needed as a carrler molecule for the hemoly=2in and
that sonlcated cultures produced no hemolysin (thus
suggesting that functional! hemolysin is transported
extracellulariy>. The hemolysin has been characterlzed
as a llpoprotein which was very weakly Immuneogenic (128).
By sodium dodecy! sulfate polyacrylamide gel
electrophoresis (SDS-PAGE), the hemolvsin has an
approximate molecular mass of 19 kllodaltons and stalned

poorly wlth Coomasle Blue (129>. The hemolysin has been
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reported to exhlblt In vitro cytetoxiclty towards a range
of cell types, especlally porcline lymphocytes (129).,

The LPS moiety, present in gram negative bacterial
membranes, Is frequently involved In serotypling and
pathogenesls of the organlsm (117,118,130). Nuessen et
al. (117> found the LPS of T. hvodysenterjae killed
murlne macrophages, induced murine splenocyte
mltogeneslis, and generated a leukocyte migration factor
by colncubating LPS with normal swine serum. In a
subsequent study (118>, it was theorlzed that T.
hyvodysenteriae LPS playvyed a major role In the swine
dysentery pathogenesgis following the observation of
infection in C3HeB/FeJ mice, but not in the LPS
hypo-responslive C3H/HelJ mice.

The characterlstics of a cytotoxin produced by T.
hvodvysenterjiae are poorly deflned. Bineck et al. (125)
described the cytotoxic effect of some T. hyodysenterliae
strains on porcine kldney (PK-15) cells, however, the
potential Jn vivo pathogenic effects of a cytotoxin are
not known.

One of the earllest histopathologic findings In the
pathogenesls of swline dysentery was the expulslion of
mucigen from goblet cells In the basilar crypts of the
large intestine (121), concurrent with acute coagulative

necrogls of the mucosal eplthelium and superficial lamina



34

proprla (131>, Splrochetes appeared to concentrate at
gltes of coagulatlve necreosls, thus Ilmplicatlng the
spirochete In the pathologlc process (131). Vibrio
spp.-like organisms are reported present in the lesions
(131>, which correlates with the findings of several
regsearchers that pathogenic synergism exists between T.
hvodysenteriae and other colonic anaercbes (132,133). By
transmisslion electron microscopy, T. hyodysenteriae has
been observed wlthin necrotic mucosal epithellal cells,
but tlssue lnvaslon was not necessary for lesion
development (102). Pohlenz et al. (134), working with
anotoblotlc plgs, observed T. hyodvsgenteriae in goblet
cells In hlogh numbers as early as 2 days post lnfectlion.
At 4 days post Infectlion, T. hvodvysenterlae had Invaded
enterocytes adjacent to goblet cells. Fcllowing
infection, the characteristlcs of the mucus appeared
changed, In that It was more homcgeneous, less electron
dense, and less sulphated (134). The mucosal epithelium
was mildly eroded and crypt hyperpiasia was noted, but
little inflammatory response was noted in the gnotobliotic
plgs (134>, It was concluded (134) that T.
hvodysenteriae has a predilection for mucus and goblet
cells, whlch It colonizes, and this colonization leads to
mucus hypersecretion, changes In mucus composition, and

hyperplasla of |Immature basllar crypt cells. In
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addition, conventlonal plgs developed ultrastructural
pathologlcal changes later (6-9 days), and exhiblted a
marked Inflammatory reaction with endothellal damage.

The microenvironment of the swlne colon s
signiflcant in the pathogenesis of swline dysentery:
changes In colonlc microflora allow T. hvodvysenteriae to
colonize the mucosal epithel!ium and elaborate its
hemolysin and possibly its cytotoxin (121). Albassam et
al. hypothesized that after T. hyodysenterjae
colonlzatlion, histamlne-type medlators were released from
local mast cells, causing mucosal dysfunctlion (102).
Indeed, in the mouse, Galll et al. (135) suggest that
mast cell derived mediators contribute to intracellular
edema and leukocyte infiltration, in the absence of
IgE-mediated stimulation. If a poorly diffusable and
superficial T. hvodvsenterjae-derived medlator (l.e.,
hemolvsin or cytotox!ln) was produced in close proximity
to the colonic epithelium, it might have a direct effect
on local MMCs, resulting in degranulation, vascular
congestion, anoxia of the eplthellum, and eventual
sloughing of the epithelium. The ensuant pathological
and cllnlical slons micht then be caused by both the

splrochete and other toxlgenlc colonic anaercbes

(121,102>.
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EFFECT OF Treponema hvodysenterlae INFECTION ON THE
POPULATIONS OF MUCOSAL MAST CELLS AND T CELL SUBSETS IN

THE MURINE CECUM
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ABSTRACT

C3H/HeN mice were infected with the swine pathogenic
spirochete, Treponema hyodysenteriae, and mucosal mast
cell (MMC) numbers were quantified In Infected and
control cecal sectlions. An initlal increase in MMC
numbers to 22/50 crypt-villus units (CVU)> was observed,
but at twenty days post infectlon only 5 MMC/50 CVU were
detected. This decrease was slignificantly different
(p<0.05> than the numbers observed In control mice (13
MMC/50 CVU>. Immunohlstochemlcal analysls performed on
cecal sections falled to show a significant shift in
lamina proprlial T lymphocyte subsets. Numbers of cecal
T. hyodysenterlae colony formlng unlts (CFU) were stable
throughout the experiment. Mast cell-deficient W/WV nmice
and thelr mast cell-sufficient littermates were infected
to determine if MMC degranulation was necessary for the
occurrence of T. hyodysenteriae-induced lesions. W/WV
mice were as susceptible to infection and developed
similar macroscopic and microscopic lesions as thelr
normal littermates. These results indicate that MMC
populations are responsive to a persistent T.

hyvodysenteriae infection, but MMC do not appear to be

requlred for leslon development in the murine model.
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INTRODUCTIGN

Infectlons with Treponema hvodyvsenteriae have been
shown to cause swine dysentery (1,2,3), a severe
muconemorchaale dlarrheal dlisease of plas. Virulence has
been attributed to the presence of a beta-hemolysin
(4,5,6), a biologically actlve endotoxin (7,8, and a
cytotoxin (9). The crganlsm has also been reported to be
weakly Invaslive (10) and to be chemotactically attracted
to mueln (11>. Infected swine appear to develop active
immunlty as evidenced by the development of serum
antibodies and the Inablllty to re-infect convalescent
plgs (12).

Lesions are found in the cecum and large colon of
swine infected with T. hyodysenteriae (13).
Histologlcally, basilar colonic crypt goblet cells
expulse mucus early In the disease (14) followed by acute
coagulative necrosis of the mucosal epithellum and
superflclal lamina propria In areas where splrochete
colonization is greatest (13). The contraction of
mucosal subeplthellal venules has been observed as an
early hlstopathologlical flnding (10), and ls simlilar to
hlstamine-induced endothellal cell contraction (15). This
evidence suggesfs that there ls a participatory role for

MMC medlators in the development of dysenteric lesions.
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Rodents have been shown to have lncreased numbers of
Intestlnal mucosal mast cells followlng Infectlon wlth

varlous Intestlnal parasltes (16) or araft-versus-host

disease (17>. The protective role of the intestlnal MMC
in nematode Infectlons has not been establlshed, however,
some evidence suggests that the MMC may be involved in
nematode expulslon., Utllizlng the W/WY (mast-cell
deficient) (18) strain of mouse, Ha et al. (192} showed
that W/WV mice, which are immunologically competent (20),
expelled adult T. splralis more slowly than thelr normal
+/+ littermates and suggested an effector function for
the MMC In worm expulsion. However, infection of W/WV

mice with Nippostronaylus braglliensgisg indlicated that MMC

responses were not the sole effector mechanism for
nematode rejection (21.,22)>. To date, there are no
publ ished reports describing the influence of a bacterial
enteritis/colitis on MMC numbers or functlion.

Previous investigators demonstrated the
enteropathogenicity of T. hyvodygenteriae using a murine
medel (7,8,23). The present study examlined the MMC

response In C3H/HeN mice challenged with T.

hvyodysenteriae. To determine if products of MMC
degranulation contribute to leslons associated with T.

hvodygsenteriae Infectlon, mast cell deflicient W/WV mice,

as well as their normal +/+ littermates, were also
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chal lenged. Slince It appears that MMC differentlate In
the presence of interleukin 3 (IL 3) (24), T cell
subpopulatlons in the cecal lamina propria and mucosal
eplthel lum were also gquantifled. Potentlal cellular

Interactions between various |lymphoreticular cell types

will be discussed.
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MATERIALS AND METHODS

Bacteria. T. hvodvsenterliae strain B204 (serotype

2) were grown anaerobically in Trypticase soy broth (BBL
Microbiology Systems, Cockeysville, Md.) supplemented
wlth 5% horse serum (HyClcne labs, Logan, Utah) and 5%
veast extract (BBL) as previocusly described (25).

Anlmals. C3H/HeN mice were obtalned from
Harlan-Sprague Dawley (Madlson, Wis.>, and W/WY | +/+4
{WB/ReJW/+ x CS57BL/6J-WV/+ F1)>, BALB/cByJ, and DBA/1J
mice were obtained from Jackson Laboratories (Bar Harbor,
Maine). NFR/N mice were kindly provided by Dr. E. Jeska,
Veterinary Medical Research Instltute, Iowa State
Universlity. All animals were maintalned on Mouse Lab
Chow #5010 (Purina Mills, Inc., St. Louls, Mo.) under
controlled conditions in the Laboratory Animal Resource
Faclllty of the College of Veterinary Medlclne, Iowa
State Unlversity. Mice used in the challenge studlies
were 6 to 10 weeks of age.

Infectlon Protocol. Mlice were Infected on 2
consecutive days by intragastric lnoculation of 1 ml of
culture broth containing 1 X 108 grganisms. Non-infected
control mice were intragastrically administered 0.5 ml of
sterlle culture broth. Mice were fasted 6 hours prior to

receliving the first challenge inoculum and were
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malntained on restricted feed (approxlmately 1 gm
feed/mouse/day) for the next 48 hours.

Bacterlology. Mlice were sacrlifliced at days 10,15,
and 20 post-infection (Pl1)>. Patholougical changes were
noted as either excess cecal Intraluminal mucus and/or
cecal atrophy. The cecal apex was removed and fixed In
Carnoy’s fluid fixative (60% ethancl, 30% chloroform, and
10% glacial acetic acid) and later prepared for MMC
enumeration (see below). The remalnlng portion of the
cecum was placed In sterile WhirlPak bags (Baxter Co.,
Minneapolls, Minn.> and welghed. Ceca were suspended
1:100 (w/v) In sterlle phosphate-buffered sallne
(PBS>(0.14 M NaCl, 0.008 M NapHPO4, 0.0015 M KHyPO4, and
0.0027 M KCl, pH 7.2 and homocgenized for 30 seconds in a
Stomacher laboratory blender (A, J. Seward Co., London).
The homogenate was directly lnoculated onto BJ blood agar
medla (26> for isolatlon of T. hyvodysenterjae and
subjected to darkfield microscopy. Serial 10-fold
dilutions of the homogenate were added to 5 m]l of molten
(45 degrees C) Trypticase soy agar containing 5% ovine
blood and antiblotics (26>. This mixture was poured Into
60 mm Petr! dishes (#25010, Corning Glass Works, Cornlng,
N.Y.> and incubated anaercobically at 37 degrees C for 96

hours. The zones of beta-hemolysis were enumerated and
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the number of T. hyodysenteriae colony forming units

(CFU> per gram of cecal tlssue was calculated.

Histologlcal Examlnatlon. Followlng fixatlon in
Carnoy‘s fluid for two hours, cecal tissue was
transferred to 70% ethanol. The tissues were routinely
processed, embedded in paraffin, and cut at S mlcrons
thickness. The tlissues were cleared, hydrated, and
immersed for 12 hours In a solution of 0.1g Astrablau FM
(3chmld G.M.B.H. and Co., Stuttgart, West Cermany), S ml
12 N HCl, and 100 ml! delionized water (pH 0.5) (27). The
tlssues were then rinsed In tap water and counterstained
for 10 minutes with a solution of 0.1 gm Nuclear Fast Red
(Schmid G.M.B.H. and Co., Stuttgart, West Germany), 5 gm
Alo(504745-18H50, and 95 ml of deionized water.
Examination of the section reveals blue mast cell
granules while surrounding tissue stains red. Lamina
proprial MMCs in 50 crypt-villus units (defined as 1
villus and 2 "shoulders") were counted for each mouse.

T Cell Quantlflcatlon. Lamina propria and
eplithelial T lymphocyte subsets were visualized using an
anti-rat Streptavidin-biotin Immunoperoxidase reagent
(Zymed Labs, San Francisco, Calif.). Primary monoclonal
antibodies (rat anti-mouse) directed against Lyt 1+ and
Lyt 2+ T lymphocyte markers were obtained from Becton

Dicklnson, Inc., Mountain View, Calif. Quantification
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was accompl ished uslng a Zelss Image Analyzer, Department
of Veterinary Anatomy, Iowa State Unlversity. The area
occupled by stalned cell(s) was expressed as a
percentage of the total area of lamina propria and
eplthel lum. Four flelds per cecum were analyzed.
Statistical Methods. The Student’s t distribution

(28) was utlilized to determine significance.
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RESULTS

Dynamics of Mucosal Mast Cell Responses Following
Infectlon with Treponema hyodysenteriae. While
developing the murine model to examline T. hyodysenterjae

infections, several inbred strains of mice were utilized
(i.e., C3H/HeN, BALB/cByJ, NFR/N, DBA-/1J, CS57BL/6J, and
C3H/HeJd>. All of the mouse strains examined were
susceptible tc infection and developed macroscopic
lesions detectable as early as 5 days PI and lasting as
long as 70 days PI (data not shown?.

Treponema hyodvsenterjae was isclated from the ceca
of Infected mice at each time point examined (Flg. 1).
Pathological signs (excess mucus and cecal atrophy?) were
noted in the ceca at 10, 15, and 20 days PI.
Histopathologic examination of affected ceca showed
villus hypertrophy and edema, mild mucosal epithellial
sloughling, and focal areas of Inflammatory cell
infiltration within the lamlna propria.

The numbers of T. hyodysenteriae in the ceca were

correlated with changes In the numbers of MMC in Infected
mice (Fig. 1>. The CFU per gram cecum at 10, 15, and 20
days Pl were 3.3 x 108, 0.61 x 108, and 1.3 x 108 T.

hyodysenteriae, respectively. Though the spirochetal

numbers varled slightly, there was a significant decrease
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(p<0.05) in the numbers of MMC from day 10 PI to day 20
PI (Flg. 1>. At 20 days PI, challenged mice also showed
a slgnlflcant decrease In MMC numbers (p<0.05) In
comparlson to control mlice and to mice infected with the
non-pathogenic porcline spirochete, T. lnnocens (Flg. 2.

At 10 days PI, the number of cecal MMCs Iincreased
from a control average of 12 MMC/50 CVUs to 22 MMC/50
CVUs (Fig. 2>. At 15 days PI, a decrease in MMC
numbers was observed, and at 20 days PI, the tlssues
contalned fewer MMC (p<.05> than non-infected controls.
In addition, numbers of MMCs in the ceca of mice Infected
wlth T. lnnocens did not change in comparison to controls
(Fig. 2.

Immunochlstochemical staining and image analysis
gquantlficatlon was performed on the C3H/HeN cecal tlssues
In the control and challenged mice as described in
materlals and methods. HNo signiflcant T cell
subpopulation shift was detected following T.

hyodygenteriae infection.

Role of Mucosal Mast Cells In T. hvodysenteriae

Induced Cecal Lesions. The functional role of the MMC

during an infection with T. hyodysenteriae was examined
in WWY mice and their +/+4 normal littermates. The

results In Table 1 indicate that the W/WY mice were
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colonized with T. hvodysenterliae and developed lesions as
well or more freaquently than their +/+ littermates. At
20 days PI, all the W/WV and +/+ mice demonstrated
macroscopic lesions associated with a T. hycodyvsenteriae
infection. The MMC response in the +/+ littermates
demonstrated a two-fold increase at 5 days PI, but the
numbers of detectable MMC had returned to control levels

by day 20 PI (Table 2).
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Table 1. Comparison of T. hvodysenterlae-Induced Leslons

In Mast Cell Deflcient and Normal Mice

W/ WV +/+
pp1a lesionsP cul ture® lesions cul ture
S 273 3/3 273 3/3
10 8710 10710 5711 2711
15 12712 12712 6/12 8/12
20 6/6 6/6 o ST

ApP1, day post infection with 1 x 108 T

hvodysenteriae.

bMacroscopic lesions were noted as excess
intraluminal mucus and/or cecal atrophy.
CCecal contents were cultured on BJ blood agar media

(26 for the isolation of T. hyvodysenterijae.
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Table 2. Determlnatlon of the Mucosal Mast Cell Response

in Control and T. hvodysenterlae-Infected Miced@

W/Wv +/+
DPID  control infected control infected
5 0+ 0 0 + 0 4.0 + 0 10.3 + 1.8
10 0.2 + 0.2 0.2 + 0.2 4.0 + 0.5 8.0 + 1.5
15 0+ 0 0+ 0 4.3 + 0.5 9.8 + 1.5€
20 0 + 0 0 + 0 4.3 + 0.6 5.5 + 2.0

ENumber of mucosal mast cells were determined in 50
crypt-villus units as described in Materials and Methods.
bppr, days post infection with 1 x 108 I

hyodysenteriae.

€At 15 DP1, the number of mucosal mast cells in the
ceca of infected +/+ mice were significantly different

from non-infected mice (p<0.05).
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DISCUSSION

Treponema hvodvsenterlae Infectlon In the mouse

Induced cecitls and excess intraluminal mucus as reported
by others (23). Lamlna propria MMC numbers In the ceca
of Iinfected mice exhlbited an lncrease at 10 days PI
followed by a signiflcant (p<0.05) decrease at day 20
post infection (Flgure 1). Immunohlstochemistry performed
on cecal sections falled to show any changes ln elther T
helper/inducer (Lyt 14) or T suppressor/cytotoxic (Lyt
2+) cell populations. Colonlzatlon of ceca with T.
hyvodysenteriae remained relatively constant between 10
and 20 days PI (Fig. 1)

It has been speculated that mast cells and their
degranulation products might be partially responsible for
the lesions observed in swine dysentery (10) based on
observatlons that early lamina proprla changes are
consistent with those resulting from a histamine-type
activity (15>. Although little work has been performed
defining porcine MMC mediators, rat intestinal MMC have
been reported to contain small amounts of histamine (29),
chondrolitin sulfate E (30> and a unlgque neutral protease
(29,30>. In vivo, histamine has been shown to have
sundry effects, such as induclng adjacent cell

preliferation (31>, fine bhlood vessel dilation (32,33
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endothellal cell contractlon (15), and dlrectly or
indlirectly Induclng down-regulation of lmmune responses
(32). Simllar clirculatory changes (l.e., subepithelial
venule endothellal cell contracticn) are seen in the
colonlc mucosa of swine Infected with T. hvodyvsenteriae
€107 .

ln this sludy, murine cecal leuions woro
macroscoplically evident at tlmes when a slight MMC
increase was noted (10 days PI) as well as when MMC
levels decreased (20 days PI). The question of whether
the decrease in the MMC populatlon was due to a fallure
of differentlation or exhaustive degranulation could not
be ascertalned. The numbers of splrochetes colonizing
the ceca and the MMC response are |llustrated in Flgure
2. Inltially, the number of spirochetes observed was 3 x
108 CFU per gram of cecal tissue, and as MMC numbers
decreased at 15 days PI the numbers of T. hyvodysenteriae
also decreased. At twenty days PI, a slight increase In
the CFU of T. hvodysenterlae was observed while the
numbers of MMC continued to decrease. One might
speculate that the continued presence and the slight
increase in the numbers of spirochetes enhanced the
degranulation of the MMC and hindered their detection by
light mlicroscopy. However, these data are not suffliclent

to warrant a dlrect causal relationshlp between cecal MMC
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degranulation and the number of T. hyodysenteriae CFU In
the cecum.

Intestinal Immune and cellular responses affect
physiological function. Specifically, T lymphocytes have
recently been impllcated in regulatling gut mucosal
surface changes. Actlvated T cells (or thelr cytoklnes)
have been shown to cause crypt epithellial hyperplasia in
human tlssue explants (34), and It has been suggested
that T cell cytokines cause Increased goblet cell mucus
productlon and secretion (35). ESince it appears MMC are
under the proliferative control of an IL 3-1lke molecule
(24,36>, it was expected that an increase in Lyt 1+ T
cells would be observed In the cecal lamina propria and
epithelium. However, no significant populations shifts
were observed by the technigques employed. The T cell
data obtalned by Image analysis were computed from the
area occupied by the stalined cells dlvided by the total
area in the microscoplic fleld and then expressed as a
percentage. This methodology may mask any absolute
increases in T cells due to the edema which occurs
following a T. hyodysenteriae infection (10,23,37). In
addltion, determining absolute numbers of T lymphocyte
subpopulations would not address the functlonal activity
of these cells. It could be hypothesized that T

lymphocyte populations do not shift, but rather, one or
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more of these populations become activated and secrete
scluble factor(s) whlich medlate sundry cellular reactlons
(i.e., mast cell maturation and differentlation, and
mucus secretion’.

The method by which T. hvodysenteriae exerts its
effect on MMC populatlons in the murlne cecum ls unclear.
Since T. hvodysenteriae appears to be chemotactlcally
attracted to and colonizes within the mucus layer of the
colon (9,112, a bacterial-derlived soluble toxin or
mediater could dlffuse between or bind to mucosal
epithelium ancd affect lamina proprial lymphocyte
populations.

The role of the murlne MMC medlators In the
induction of lesion formation following T. hyodvsenteriae
infection appears minimal based cn the results we
obtalned by Infecting mast cell-deficient W WY mice.
Pathologic leslions (macroscoplc and microscopic) and
spirochetal colonization were equivalent in the W/WY mice
and lts +/+ littermates. An effector function has been
postulated for the MMC response following a Trichlnella
spiralis (38,39) infection, but the smaller response

observed following a T. hyodyvysenterjae infection may not

induce similar activities. Cecal MMC do not appear to be

directly involved in T. hvodysenterale-induced leslon

formation in the mouse model. However, the change
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ohserved In cecal MMC numbers mignt be indlcative of

cther cellular Interactions taking place, such as T

lymphocyte actlivation. It 1s evident that this bacterial
infection can modulate the numbers of detectable mucosal

mast cells within the murine cecum.



Flgure 1.

Correlation of MMC Levels with Numbers of
Cecal Treponema hvodvsenteriae Colony Formling
Units. The numbers of MMC (open rectangles)
in the ceca of T. hvodysenteriae-infected
C3H/HeN mice were compared to the CFU of
spirochetes (closed circles) recovered at 10,
15, and 20 days PI. Mucosal mast cells and T.

hyodysenteriae CFUs were determined as

described in Materials and Methods. Results
are expressed as the mean + standard error of

the mean.
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Flgure 2.

Changes in Mucosal Mast Cell Numbers Following

Infection With T. hvodysenteriae. Mucosal

mast cell numbers in 50 crypt-villus units
were determined In C3H/HeN non-infected
control mice (n=9>, T. hyodysenteriae-infected
(n=6) at 10, 15, and 20 days post-infection,
and T. lnnocens-infected (n=3) at 20 days PI.
Infected mice were challenged with 1 x 108 T,

hvodysenteriae or T. lnnocens on two

consecutlve days. Resultis are expressed as
the mean number of MMC + standard error of the

mean. ¥, p<0.05.
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Changes in Mucosal Mast Cell numbers
following infection with T. hyodysenteriae
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GENERAL SUMMARY

Mucosal mast cell populations In the murine cecum do
undergo dynamic changes concurrent with Treponema
hvodysenteriae infection. Numbers of MMCs appear to rise
initially, and then decrease significantly below basellne
values in an unresolving infectlion. T-lymphocyte
subpopulatlions do not appear to change in the cecal
lamina propria and epithelilum. The lncrease and
subgsequent decrease in MMC numbers may or may not have
direct physicloglic action on dlseased tlssues or number
of cecal T. hvodysenteriae via MMC granule medlators.

The proper method to evaluate this hypothesis would be to
perform functional assays and tests, such as directly
assaylng for levels of MMC mediators, and performing in
vitro assays demonstrating physiologic effects of the
mediators. These data would, at this point, necessarily
be performed in the rat, as the granule mediators have
been reasonably defined in the animal. In the murlne
mode |, MMC degranulation [Is not solely responsible for
lesion development, as the W/WY mice were equally
susceptible to infection and development of lesions In
the cecum.

The MMC data reported in this study, however, may be

interpreted as evidence of other intercellular changes
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which directly contribute to pathogenesis. The change In
MMC numbers In the course of the Infectlon is not a
passive increase or decrease only; the numbers of MMCs
increase and then decrease significantly below baseline.
A potential "protective" role for the MMCs, in which
thelir degranulatlon products cause rejection of the
spirochete, has not been dlsproven by this research, but
similarly has not been well supported. The W/WVY mice
seem to have the same or greater chance of developing
cecitls than thelr +/+ llittermates, and the NFR/N mice,
which we have observed to have a higher resident MMC
population in the cecum, seemed to be refractory to
infectlon by T. hvodysenterlae. However, after treatment
with oral antlbiotics, the NFR/N mice appeared to exhibit
T. hyodysenteriae-induced lesions as other Inbred
strains,

We have examined many aspects of potential T.

hvodysenteriae pathogenesis utilizing inbred mice of

differing genotypes and phenotypes. No major effect on
pathogenesls was found other than the manipulation of
cecal microenvirons (presumably) with oral antlbiotics.
The information suggests that an important host defense
is a somewhat non-specific one, which may be manipulated
in all stralns of mice by use of oral antlbliotles. The

"manipulated" factor would seem likely to be the
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disruptlion of normal cecal mlcroflera. Mice normally
have numercus fuslform-shaped bacterla wlthin thelr ceca.
After cecitis is induced by infection with T.
hvodysenteriae, the cecal population shifts to Include
predominately spirochetes, coccl, and some bacilli. If
the spirochete initially requires a niche in the mucus
layer for binding, then the changing of the microflora
would make avalliable translent areas where the splrochete
could attach and penetrate the mucus layvyer to the crypts,
where a soluble factor(s) may be elaborated.

If the protectlon was only a local bacterlal
exclusion, then the "immune" or refractory convalescent
pig would be difficult to interpret. However, with a
gecretory I1gA response, lmmune excluslon would be a valld
hypothesis. More work needs to be done to further
investlgate what the status of protection ls, how that
state is achleved, and what Inciting virulence

determinants T. hvodysenteriae possesses to instligate

pathogenesis.
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APPENDIX 1

PROTECTION STUDIES IN THE PARENTERALLY IMMUNIZED MOUSE

Purpose of the experlment. Mice (6 to 10 weeks old)
were parenterally lmmunized with Treponema hvodysenteriae
outer mempbrane preparations to determine 1f these
preparations could induce protection against a virulent

challenge.,

Materlals and Methods

Animals. C3H/HeN strain mlce were obtalned from
Harlan Sprague Dawley, Indianapoils, Indiana. Animals
were maintalned on Mouse Lab Chow #5010 (Purina Mllls,
Inc., St. Loulis, Mo.> under controlled conditions in the
Laboratory Animal Resource Facility of the College of
Veterinary Medicine, Jowa State University. Mice were 6

to 10 weeks of age.

Antigen. Quter membrane protein preparations of T.

hyodygsenteriae strain B204 (serotype 2) were obtalned by

Sarkosy|l extraction (1),
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Protocol. Flve groups of mice, each group
contalning 5 mice, were utlillzed. Mlice (Groups 1-4)
recelived the indicated dose of antigen by intravenous
(l.v.) injection and recelved an ldentical booster dose
15 days later. Mice in group 5 were lmmunized and
boosted per os. Five days after the booster
immunization, mice were challenged with virulent T.

hvodysenteriae B204 as described below:

Group 1: 1.0 microgram B204 outer membrane
protein (OMP) preparation was administered intravenously

Cl.v.?) In a volume of 0.1 ml.

Group 2: 10.0 micrograms Bz204 OMP preparatlon

was administered i.v. In a volume of 0.1 ml.

Group 3: 5B0.0 miecrograms B204 OMP preparatlon

was administered l.v. in a volume of 0.1 ml.

Group 4: Two doses of 0.1 ml
Phogsphate-Buffered Saline (PBS) were injected i.v. on

days 20 and 5 pre-infection (sham injection controls).

Greoup 5: 50.0 micrograms B204 OMP preparation

was administered per 0s by gastric Intubation in a volume

of 0.4 ml.
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Bacteria. T. hvodysenteriae strain B204 (serotype
2) was grown anaerobically In Tryptlicase soy broth (BBL)
supplemented with 5% horse serum (HyClone Labs) and 5%
yeast extract (BBL)>. Overnight cultures were checked for
purity by darkfield microscopy and enumerated using a

Petroff-Hauser countling chamber.

Infectlon Procedure. Mice were infected on 2
consecutlive days by intragastric inoculation of | ml of
culture broth containing 1 x 108 organisms. Mice were
fasted between administration of the twc challenge

inoculums (24 hours).

Necropsy Procedure. Al]l mice were necropsied at 10
days post infection. Macroscoplc changes in the cecum
were noted as either excess intraluminal mucus and/or
atrophy. The cecum was aseptically removed and welighed
in a sterile WhirlPak bag (Baxter Co., Minneapolis,
Minn», diluted 1:100 w/v with phosphate-buffered saline,
and homogenized in a Stomacher Laboratory Blender (A. J.
Seward Co., London, U. K.)>. The homogenate was streaked
onto BJ blood agar media (4> for the isolation of T.
hvodvysenteriae and subjected to darkfleld microscopy. In
addlitlion, serial ten-fold dilutions of the homogenate
were added to molten (45 dearees C) Trypticase soy agar

tubes supplemented with 5% ovine blood and antibiotics
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(2) and were then pour-plated Into 60 mm Petri dlshes
(#25010, Cornlng Glass Works, Corning, N.Y.)> and
Incubated anaeroblically at 37 degrees C for 96 hours.
The zones of beta-hemolysls were enumerated and the

number of T. hyodyvsenteriae colony forming units per gram

of cecal tlssue was calculated.
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Table 1. Effect of vacclinatlon on lesion formation at 10
days post infection with T. hyodysenteriae

Group Treatment2 Macroscopic SignsP Dark Field®

1.0 meg i.v. XM, At-apex +
" " XM, At-apex -
NGL =
(i} 1 NGL +
i i NGL —

— e s s

10.0 meg 1.v. NGL =

i n XM s At ++
XM-apex N
2 2 XM, At-apex +
L}] " NGL +

NN

50 mecg 1.v. XM, At-apex +
" ) XM, At +
i ! XM, At ++

XM, At-apex -

! " XM, At ++

! " NGL -

Wwwwww

saline [.v. XM, At +
XM-apex -
NGL -
XM-apex -
" " NGL _

O A L -8

50 mcg p.o. NGL -
H " NGL _
NGL -~
" " NGL -
" i NGL =

[$1RSI NI REINe]

3Total protein of T. hvodysenteriae Sarkosyl extract
(micrograms? administered per inoculation; routes given
were i.v., intravenous; p.o., per os.
NGL- No Gross Lesions observed; XM- Excess cecal
intraluminal mucus observed; At- Cecal atrophy observed.
CDark field microscopy was performed to identify
large spirochetes in cecal contents.
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Table 2. Effect of vaccinatlon on culture and

cecal colonization of T. hyodysenterliae 10 days

post lInfection

Group Cul ture Organlsms Recovereda Group Mean

TreatmentP-1.0 meg i.v.

1 % 4.8 x 107

1 4 5.2 x 106

1 + 1.0 x 104¢c

1 + 1.0 x 104

1 + 7.7 x 105 1.1 +/- 0.9 x 107
Treatment- 10 mcg i.v.

2 = 0.0

2 + 3.4 x 107

2 + 5.0 x 106

2 . 2.5 x 107

2 + 1.0 x 104 1.8 4/~ 0.7 x 107
Treatment- 50 mecg i.v.

3 + 1.0 x 107

3 § 4.3 x 106

3 + 1.4 x 108

3 + 2.0 x 107

3 + 1.1 x 108

3 " 2.7 x 106 4.8 +/- 2.4 x 107
Treatment- PBS sham |.v. injection

4 + 1.5 x 107

4 + 1.0 x 104

4 + 1.0 x 104

4 + 8.3 x 10°

4 + 1.1 x 106 3.4 +/- 2.9 x 106
Treatment- 50 mcg per os

5 + 6.8 x 106

5 + 1.9 x 107

5 ¥ 1.0 x 104

5 # 9.1 x 106

5 ¥ 9.5 x 106 8.9 +/- 3.0 x 106

9Colony forming units per gram of cecum.

bI. hyodysenteriae Sarkosyl extract.

CIf culture results were positive and pour plate
results negatlive, the value of 1 x 104 was assigned.
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Discusslon

The results obtained in this experiment were not
anticipated. The administration of a bacterin
preparation to a naive mouse appeared to increase
colonlzation in a dose-dependent fashlon, totally
contrary to a protectlve response that one would expect.
The groups 4 and 5 showed some decrease In colonization,
however, the sham-injected mouse still had the lowest
colonizatlion.

Interestingly, the orally Immunized mice all were
culture poslitlive, and thelr colonlzatlon was greater than
that of the nalve mice, but yet dld not exhiblit
macroscoplc leslons. The conclusions that may be drawn
from this experiment should be considered preliminary;
however, 1t ls possible that per gos administration of the
antigen induced a suppressor cell population in the gut,
thus allowing colonization but not macroscepic pathology.
This speculation would by necessity assume that the
pathologic changes Involved were host-derived In nature.

These results reflect previous findings in that
recovery of > 107 CFU/g cecal tissue of T. hyodysenter]jae
usually correlates with the presence of excess mucus.
Excess mucus production may prove to be involved in the

disease process, as T. hyodysenteriae has been shown in
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swine to not only cause excess mucus production In vivo
(3>, but also to be chemotactic for mucin in vitro (4>,
If the macroscopic changes and the colonizatlion
noted In murlne ceca were due to the host response, the
subsequent humoral Immunlzatlon response might be
considered detrimental. This can be observed by
comparling groups 1 through 3, which exhiblit lIn almost
dose-dependent fashion the increase of macroscoplc signs
and colonlzation values as the Immunization dose
Increased. In the |.v. Immunized mice, macroscoplic signs
were seen concurrent with CFU > 107 in the infected ceca;
however, the per o0s immunized mice all showed
colonization with T. hyodysenteriae, but no pathologic
changes were noted. QUGulte posslbly two phenomena are
occuring in this situation, which might show that
protection from pathologic changes in the gut occur by
both a secretory IgA or IgM response (antigen dellvered
to the gut-associated lymphoid tissue) and also
suppression of a hypersensitivity response by induction
of T suppressor celi populations. As to why, in the [.v.
immunized mice, macroscopic changes and >107 CFU/g cecal

tissue numbers of T. hvodysenteriae were observed, it

might be postulated that released factor(s) or
condition(s) were caused by the host response, such as

availability of iron from heme groups of 1ysed
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erythrocytes, Increased oxygen tension In the mucus
layer, or serum exudatlion into the cecal mucus. Also, If
specific IgG or IgM is present in the lamina propria,
complement might be fixed by a spirochetal antligen and
inflammatory chemotaxins would be generated, increasing
the Inflammatory response.

Protection in the mouse model against T.
hvodysenteriae challenge was not achleved by parenteral
immunization with treponemal outer membrane protelns.
Definitive work needs to be performed to ascertain the
seemingly increased susceptibllity after parenteral

vacclnation.
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APPENDIX 2

STUDIES OF POTENTIAL INVOLVEMENT OF MURINE H2 HAPLOTYPE

ON CHALLENGE WITH Treponema hyodyvsenteriae

Purpose of the experiment. Previous work In our
laboratory has shown that unstimulated Mucosal Mast Cell
(MMC?> numbers In the NFR/N straln of mouse were hlgher
than the MMC levels in C3H strains of mice. NFR/N mice
alsc exhibit an lncrease In cecal MMC numbers after
Infectlon with T. hvodysenteciae, and appear to be
refractive to virulent spirochete chal lenge when compared
with C3H stralins of mice. Bell et al. (1) has classifled
NFR/N mice as "high responders" In response to

Trichinella splralis infection, and has equated this

response with the rapld expulslon of the nematodes from
the gut. DBA/1J mice, which are also H-2q, are also
classifled as a "non-responders" and do not rapicly
expulse nematodes (1). BALB/c¢c mice are also ciassified
as "non-responders" (1). This study was designed to
examine two questions: 1) the correlation of H-2
haplotype with severity of disease, and 2) the effect of

the relative MMC response on the development of lesions

followlng infection with T. hvodvsenteriae.
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Materials and Methods

Anlmals. NFR/N (H-2 g) mice were kindly provided by
Dr. E. Jeska, Veterinary Medical Research Institute, Iowa
State University, Ames, Iowa. DBA/1J (H-2 g) and
BALB/cByJ (H-2 d) mouse stralins were cobtained from
Jackson Laboratorles, Bar Harbor, Malne. Anlmals were
maintained on Mouse Lab Chow #5010 (Purina Mills, Inc.,
St. Louls, Mlissourl) under controlled condltlons ln the
Laboratory Animal Resource Faclllty of the College of
Veterlnary Medicline, Iowa State Universlity. Mlce were @

to 10 weeks old.

Bacteria. T. hyodysenteriae strain B204 (18
passages In vitro) was grown anaeroblcally In Tryptlcase
soy broth (BBL)> supplemented with 5% horse serum (HyClone
Laboratories) and 5% yeast extract (BBL). Overnight
cultures were checked for purity, enumerated, and diluted

as described below.

Antiblotlc Treatment. Five antiblotics were
utilized In this trial: Collstin, Vancomycin,
Spiramycin, Rifampicin, and Spectinomycin (Sigma Chemical

Company, St. Louis, Missourl). Separate stock solutions
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were made in a manner similar to that descrlibed by Kunkle
and Klnyon (2): Collstin: 50 mg dissolved in 100 ml
deionized (di) water; Vancomyin: 48 mg dissolved In 100
ml di water; Spiramycin: 244 mg dissolved in 200 ml 20%
ethanol; Rifampicin: 200 mg dissolved in 200 ml of 20%
ethanol; and Spectinomycin: 1.6 g dissolved In 100 ml di
water. Egqual volumes of each of the five antiblotic
stock solutions were mixed and added to the drinklng
water at a flnal concentration of 5% v/v (mixed
antlblotics/water). Mice were maintalned on thls water
for three days, starting one day prior to infection and
concurrent with the two day Infection perlod. Five mice
from each mouse straln were itreated with antibiotics,
chal lenged as described below, and necropsied at day 10

post infection.

Protocol. Three groups of mice were utllized:
DBA-1J mice, BALB/¢c mice, and NFR/N mice. Each group
consisted of 20 challenged mice. Mice were sacrifliced at
three intervals post infection (PI): 5 days (PI), 10
days, and 20 days. In addition, the cral
antlblotlc-treated groups were necropsied at 10 days PI.
Criteria used to evaluate the challenge were gross
pathologic signs, culture results, colonizatlion values,

and dark fleld analysis of cecal contents,



108

Infection Procedure. Mice were Infected for 2
consecutive days by Intragastrlc lnoculation of 1 ml of
broth culture containing ! x 108 grganisms. Mice were

fasted for 24 hours during the infection period.

Necropsy Procedure. Mice were sacrificed at 5, 10,
and 20 days PI. Gross changes were noted in the cecum as
either excess intraluminal mucus and/or atrophy. The
cecum was aseptically removed and welghed in a sterile
WhirlPak bag (Baxter Co., Minneapolis, Minn), diluted
1:100 w/v with phosphate-buffered saline, and homogenized
in a Stomacher Laboratory Blender (A. J. Seward Co.,
London, U. K.>. The homogenate was streaked on BJ blood

agar media () for isclation of T. hvodysenteriae and

subjected to darkfield microscopy. In addition, serial
ten-fold dilutions of the homogenate were added to molten
Tryptlicase soy agar tubes supplemented with 5% ovine
blood and antibiotics () and were then pour-plated into
60 mm Petri dishes (#25010, Corning Glass Works, Corning,
N.Y.) and incubated anaercbically at 37 degrees C for 96
hours. The zones of hemolysis were enumerated and the

number of T. hvodysenteriae colony forming units per gram

of cecal tissue was calculated.
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Results

Table 1. Pathologlcal and Bacteriologlcal Flindlngs from
Mice Sacrificed 5 Days Pl

Strain Macro@ DFP Culture CF€ Group Mean

BALB/c  NGL s - 0.0
" " NGL - - 0.0
" " NGL - = 0.0
" " NGL - = 0.0
» " NGL - + 1.0 x 104d
2.0 + 2.0 x 103
DBA/1J  XM,At +++ + 2.0 x 108
" L NGL £ s 0.0
Z " NGL = - 0.0
" n NGL - - 0.0
" " NGL - - 0.0
4.0 + 4.0 x 107
NFR/N XM,At  +++ + 1.4 x 108
" " NGL - + 1.4 x 109
" " XM,Ate ++ + 2.5 x 107
w " NGL - + 0.0
" " NGL = + 1.0 x 104

3.8 % 2.7 x 107

dMacroscopic cecal pathologic changes were recorded
as NGL, no gross lesions, XM, excess intraluminal mucus,
and At, cecal atrophy.

Ppark field microscopy was performed on cecal swabs
and subjectively scored on an ascending scale from +;
very few spirochetes observed, to +++++; predominately
splrochetes observed.

CColonization factor is expressed as the number of
hemolytic colony forming units of T. hyodysenteriae per
gram of cecum.

dlf cecal culture results were pesitive and the pour
plate counts were zero, an arblitrary value of 1 x 104 was
assligned.

€macroscopic signs noted in the cecal apex only.
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Table 2. Pathological and Bacterlologlcal Findings from
Mice Sacrlflced 10 days PI

Straln Macrod DFP  Cculture CFC Group Mean

BALB/c  NGL - - 0.0
" “  NGL - - 0.0
" n NGL s . 0 _O
n " NGL - = 0.0
L " NGL g » 0.0
0.0

DBA/1J  XM,At - ¥ 1.6 x 107
a " XM, At ++ + 2.4 x 107
u " NGL = + 2.5 x 106
" " XM, At Bk 3.5 x 107
" " XM, At 4+ 4+ 6.0 x 107

2.8+ 1.0 x 107
NFR/N XM, At +4 + 5.3 x 107
" u NGL - g 2.8 x 10°
n u NGL - - 0.0
] 2 NGL - + 0.0
" i NGL s + 0.0

1.1 + 1.1 x 107

dMacroscopic cecal pathologic changes were recorded
as NGL, no gross lesions, XM, excess intraluminal mucus,
and At, cecal atrophy.

Dark field microscopy was performed on cecal swabs
and subljectively scored on an ascending scale from +;
very few spirochetes observed, to +++++; predominantly
spirochetes observed.

CColonization factor is expressed as the number of
hemolytic colony forming units of T. hyodysenteriae per
gram of cecum.

dif cecal culture results were positive and the pour
plate counts were zero, an arbitrary value of 1 x 104 was
assigned.

®macroscopic signs noted in the cecal apex only.
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Table 3. Pathological and Bacteriolcgical Findings from
Mice Treated With Oral Antibiotics and
Sacriflced 10 Days PI2

Strain MacroP DFE Culture CFd9 Group Mean
BALB/c  NGL - + 1.0 x 104e
" " XM, At ++ + 7.5 x 107
" " XM, At T+ + 2.0 x 108
" " XM,At 4+ + 1.2 x 108
" " XM, At Py + 2.4 x 108
1.3 + 0.4 x 108
DBA/1J  NGL - - 0.0
. . XM, At + + 1.9 x 107
. " XM, At - + 3.9 x 107
" " NGL = + 1.0 x 104
" " NGL + & 2.7 x 106
1.2 + 0.8 x 107
NFR/N ®M,Att 4 + 3.0 x 109
. 4 XM,At PR + 4.1 x 106
. H XM, At 34 & 2.4 x 107
" . XM,AtT 44 + 6.7 x 109
i " died during trial not applicable

7.2 + 5.6 x 106

3Mice were maintained on cral antiblotics
incorporated in the drinking water as descrlibed In
Materials and Methods.

bMacroscopic cecal pathologic changes were recorded
as NGL, no gross lesions, XM, excess intraluminal mucus,
and At, cecal atrophy.

CDark field microscopy was performed on cecal swabs
and subjectlively scored on an ascending scale from +;
very few spirochetes observed, to +++++; predominantly
spirochetes cbserved.

dcolonization factor is expressed as the number of
hemolytic colony forming units of T. hyvodysenterjiae per
gram of cecum.

€1f cecal culture results were positive and the pour
plate counts were zero, an arbitrary value of 1 x 104 was
agsigned.

fMacroscopic signs noted in the cecal apex only.
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Table 4. Pathological and Bacterlologlical Findlngs from
Mice Sacrificed 20 Days PI

Straln Macroa DFP  Culture CFC Group Mean

BALB/c¢  NGL - = 0.0

1] " NGL - s 0 < O

" 1] NGL - - 0 P 0

" " NGL - . 0 = 0

" “  NGL - - 0.0

u " NGL - o 0.0

1 " NGL - - 0.0

" "  NGL - - 0.0

0.0

DBA/1J  NGL + + 2.8 x 106

R " NGL - + 1.0 x 104d

" 1] NGL AL = O . 0

" L NGL = - 0.0

o " XM, At + + 1.3 x 108

2.7 + 2.6 x 107

NFR/N NGL - + 3.2 x 105

" " XM,At® + + 3.1 x 106

" " XM,Ate 4+ + 1.0 x 104

" i XM,At ++ + 3.0 x 107

u l NGL - + 6.9 x 106

8.1 + 5.6 x 108

AMacroscopic cecal pathologic changes were recorded
as NGL, no gross lesions, XM, excess iIntraluminal mucus,
and At, cecal atrophy.

Bpark field microscopy was performed on cecal swabs
and subjectlvely scored on an ascending scale from +;
very few spirochetes observed, to +++++; predominately
spirochetes observed.

CColonization factor is expressed as the number of
hemolytic colony forming units of T. hvodysenterlae per
gram of cecum.

dif cecal culture results were positive and the pour
plate counts were zero, an arbitrary value of 1 x 10% was
assigned.

®Macroscopic signs noted in the cecal apex only.
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Discusslon

The results obtained In this experiment show no
significant pathological or bacteriological difference
between the H-2q "high responder strain" NFR/N mice and
the H-2 "lower responder" DBA/1J mice following challenge
with T. hvodysenteriae. The results do suggest that
there was a difference between the H-2gq stralns and H-2d
strains of mice.

The actual reason for the difference between the
haplotypes cannot be ascertalned from only this work.
Differences In Infectlon might relate to differences in
cecal mlcroflora/microenvironment, H-2 influenced immune
response, or other reasons. This experiment demonstrates
(presumably> that disruptling the microflora lncreases
susceptibllity to Infectlion by finding that treated mice
(incorporation of antibiotics in the drinking water for
3 days concurrent with the infection) renders mice of
both haplotypes susceptible to infectlion.
Antiblotic-resistant enteric pathogens may be more
pathogenic after oral administration of selected
antiblotics due to a decrease or shift in the enteric
normal flora. In a disrupted flora situation, nutrients
might be more available to the pathogen, attachment sites

would be avallable, normal bacterial-elaborated
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bacterioclns or volatlle fatty acids (VFA) would be
absent, and a normal pH of the lumen would not be present
(3,43. It has been shown that mice are more susceptlble
to Salmonella typhimurium infection after oral treatment
wlth streptomycln (3> and that this Increased
susceptibllity may be due to changes In lumenal VFA and
pH (4). Other work describing lncreased colonization of
an enteric pathogen in a depleted cecal microflora system
was performed by Lee et al. (5) In which mice were made
susceptlble to Campylobacter .Jejuni colonlzation by prior
treatment with antibiotics per os.

The Increased susceptibility of mice to T.

hyvodysenteriae infection after oral antiblotic treatment

might be due to increased mucus binding sites or to the
absence of a normal flora-produced bacteriostatic/clidal
compound, such as a bacteriocin or VFA. One of the major
virulence determinants of T. hyodysenterliae might be a
mucus receptor, which, if the mucosal surface of the
murine cecum is "cleared" of normal flora, may attach to
the mucus |lgand. Then, the spirochete may
chemotactically traverse the mucus strands to the crypts
(6>, and establish discauc., Thoure upivochetes which do
not Immedliately attach to the mucus are swept away by
peristalsis and do not colonize the crypts.

Alternatively, normally produced VFA mioht be absent,



115

thus allowlng the splrochete to reproduce. Indeed, It
has been shown (7) that bacterlal-induced dlarrhea could
be Inhlbited by administration of VFA, and that in vitro
growth of T. hyvodysenteriae is Inhibited by milllmolar
guantities of proprionlic and butyric acid (8).

The most significant finding iIn thls experiment was
that pretreatment with cral antlbiotlcs rendered all
murine strains susceptible to T. hyodysenteriae
Infection. More work is warranted to determine what
factor(s) In the normal cecal microenvirons are

responsgsible for protectlion agalinst T. hvodysenterjae

infectlon and/or Induction of pathologic lesions.
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APPENDIX 3

MOUSE STRAIN CHALLENGE STUDIES

Purpose of the Experlment. C3H/HedJ strain mice
have been reported to be hyporesponsive to the
physliological effects of bacterial |lpopolysaccharlde
CLP8Y (1.2). It has been suggested, since challenged
C3H/HeJ mice exhibited little or no pathologic signs
subsequent to T. hvodysenterliae infection, that the LPS
molety of Treponema hvodyvsenterlae ls a virulence
attribute (3. OQOur laboratory has challenged C3H/Hed
strain mice with T. hyodysenteriae and has obtained
culture results and macroscopic pathologic sligns
consistent with those of challenged LPS-responsive
C3H/HeN mice. Therefore, this experiment was designed to
investiagate blological significance of LPS responsiveness
and its relationship to disease following infection with

T. hvodysenteriae.
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Materlals and Methods

Anlmals. C3H-/Hed, C3H/HeSn, and C3HeB/Fed stralns
of mice were purchased from Jackson Laboratories, Bar
Harbor, Malne. C3H/HeN and C3H/HeJ mice maintained at
lowa State University were also used. Animals were fed
Mouse Lab Chow #5010 (Purina Mills, Inc., St. Louls,
Missouri’> and sterile water ad libitum in the Laboratory
Animal Resource Facillty of the College of Veterinary

Medicine, Iowa State University.

Bacteria. T. hvodysenteriae strain B204 (11
passages in vitro) was grown anaeroblically in Trypticase
Soy Broth (BBL Microbiologlical Systems, Cockeysville,
Maryland) supplemented with 5% horse serum (HyClone
Laboratories, Logan, Utah) and 5% vyeast extract (BBL).
Highly motile log phase cultures were examined by dark
field microscopy, enumerated (Petroff-Hauser countling

chamber) and diluted to 1 x 107 organisms/ml.

Protocol. Five groups of mice were used: (1)
"Domestic" C3H/HeN strain of mice (i.e., C3H/HeN mlce
derived from colonies maintained at the Laboratory Animal

Resource Facllity), (2> "Domestic" C3H/HeJ mice, (3)

"New" C3H/HeJd mice (i.e., C3H/HeJ mice purchased directly
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from Jackson Laboratorles), (4) C3HeB/FeJ mlce, and (5)
C3H/HeSn mice. Mlce were challenged with 1 ml of broth
culture containing 1 x 107 T, hyodysenteriae on two
consecutive days. Mice were limlt fed (1 gm
feed/mouse/day) during these two days. Mice were
sacrificed at 10 and 15 days post infection (PI).
Criteria used to evaluate challenge were macroscopic
lesions in the ceca, bacteriological culture results of
cecal contents, and enumeration of the number of colony
forming units (CFU> of T. hyodysenterjiae in the infected

ceca.

Necropsy Procedure. Macroscopic cecal changes were
noted as excess intraluminal mucus and/or atrophy. The
ceca of each mouse straln group were pooled into two
pools, weighed in a sterile WhirlPak bag (Baxter Co.,
Minneapolis, Minn.>, diluted 1:100 w/v with
phosphate-buffered sallne, and homogenlzed in a Stomacher
Laboratocry Blender (A. J. Seward Co., London, U.K.>. The
homogenates were further diluted and added to molten (45
degrees C) Trypticase Soy Agar tubes supplemented with 5%
ovine blood and antiblotics (4>, and pour-plated Into 60
mm Petri dishes (#25010, Corning Glass Works, Corning,

N.Y.> and incubated anaeroblcally at 37 degrees C for 96
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hours. The zones of hemolyslis were enumerated and the
numpber of T, hvodvsenteriae colony forming unlts per gram
of cecal tlilssue was calculated. In this manner two
bacterial count values were obtained for each mouse
straln (each mouse strain consisting of 4 or S individual

mice) at each of the two necropsy dates.
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Results

Table 1. Macroscoplic Lesions and Numbers of T.

hvodysenterjae Per Gram Cecum at 10 Days PI

Group Culture Macroa CFU/g cecumP

Domestic C3H/HeN + XM

u L + XM, At 3.4 x 108

" 1] + XM

M . + XM, At 7.4 x 107

group mean 2:1 # 1.8 x 108

Domestic C3H/HelJ + XM

K % + XM, At 7.9 x 106

" i + XM,At

u " + At 9.1 x 107
group mean 4.9 + 4.2 x 107

New C3H/Held + At

I ] + XM, At 5.4 x 107

. . + At

‘ " 4 XM,At

. n + NGL 2.9 x 107
group mean 3.9 + 0.6 % 107

C3HeB/FedJ + XM, At

" u + XM, At 2.4 x 108

" " + XM

" u + NGL

i 4 + NGL 2.6 x 107
group mean 1.1 &£ D5 % 108

C3H/HeSn + XM,At

y ’ + NGL 5.4 x 106

1 i + XM " A t

" i + NGL

. . + XM 1.7 x 108
group mean 1.0 # 0.4 x 108

aMacroscopic cecal lesions were: XM, excess
intraluminal mucus; At, atrophy of the cecum: and NGL, no
arcss leslions.

bl. hyodvysenterjae colony forming units were

determined as outlined in Materials and Methods.
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Table 2. Macroscoplec Leslons and Numbers of T.
hyodysenteriae Per Gram Cecum at 15 DPI

Group Culture Macrod@ CFU/g cecumP

Domestic C3H/HeN + XM,At -

" U + XM,At 7.0 x 10

([} i + NGL

" " + XM _

! " + xM,At 3.2 x 107
group mean 4.7 + 0.9 x 107

Domest lc C3H-Held + %M

" L 4 XM,At 3.4 x 107

] 1] + :.(M

u " = NGL

" u = NGL 4.6 x 106
group mean 1.6 £+ 0.7 x 107

New C3H/Held + NGL

Y ¥ + NGL 1.0 x 104c

n L + NGL

n 1} + XM

. y + XM 5.9 x 109
group mean 3.5 + 1.4 x 109

C3Heb/Fed - NGL

! " - MNGL

" z + NGL 3.0 x 106

" & + XM, At

L i + XM, At 3.0 x 108
group mean 1.2 + 0.7 x 108

C3H/HeSn + NGL

" " = NGL 8]

! " = NGL

' . + XM, At 9.6 x 107
group mean 4.8 + 4.8 x 10°

dMacroscopic lesions in the ceca were recorded as:
XM, excess intraluminal mucus; At, atrophy of the cecum;
and NGL, no gross lesions observed.

bI. hvodysenteriae colony forming unlits were
determined as descibed in Materials and Methods.

CCeca pools which were culture positive but did not
exhlibit plate counts were assigned a value of 1 x 104
CFU/g cecum.
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Discusslon

The results of thls trlal show that the C3H/Hed mice
are capable of exhiblting macroécopic pathologic changes
subsequent to infection with T. hyvodysenterjae.
Similaritles exlisted between "domestic" C3H/Hed mice and
"new" C3H/Hed mice In terms of colonlization and of
macroscopic cecal changes. The C3H/HeJ mice did tend to
have less cecal colonization, by slightly less than a
logyg factor than the C3H/HeN, C3HeB/Fed, and the
C3H/HeSn inbred strains of mice.

The question as to whether treponesmal LPS is
Involved in the pathogenesls of the disease has not been
answered in this work. Other researchers (3) reported
the C3H/HeJ mouse (LPS hyporesponsive) to be refractory
to IT. hvodysenterlae challenge. Our research Indlcates

that C3H/HeJd mlce are indeed susceptible to Infection

with T. hvodyseteriae. Positive results in this trial
(i.e., If the C3H/HeJ mice did not exhibit leslons) would

have supported the theory of the LPS belng a virulence
determinant; however, these results certalinly do not
exclude the LPS as a potential virulence determinant.
Certalnly, as the LPS antigen is very strain speclific and

is the basis for the serotyping of the organism (5), it
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would be loglcal to assume the LPS molety might be a

protective epitope.
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APPENDIX 4

INVOLVEMENT OF THE jty GENE IN THE PATHOGENESIS OF

Treponema hyodysenteriae IN THE MURINE MODEL

Purpose of the Experiment. Various genes have been
described in Inbred mice that affect the mouse straln’s
ability to resist an Infection by Salmonella spp. These
genes are the ity gene (1,2,3), the xid gene (4), and the
lps gene (4,5). The lty gene Is a single autosomal gene
whlch affects the murine response to Salmonella
typhimurium infection (6) and therefore renders some
inbred strains reslstant to S. typhimurjum invasion
(ityf) and some sensitive (ityS). The inbred mouse
stralns characterized as jity" are the A/J, CBA, and
C3H/He (6). The strains which are jty® are C57Bl1/6J and
BALB/c (6.

Treponema hvodysenteriae-induced lesions in the
mouse was studied by comparing challenge susceptibility
of ityS (C57B1/6J) and ityF (C3H/HeN) inbred mouse
strains. In previous murlne challenge studles, actual
invasion beneath the healthy mucosal epithelium of the
mouse cecum was not observed, but invasion of goblet

cells and between eplthelial cells was noted (personal
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observation). The purpose of this trial was two-fold:
(1> to lnvestigate the influence of the lty gene on
pathogenes!is In the mouse model after challenge wlth
virulent Treponema hyodysenterlie, and (2> to titrate the
minimal Infectlve dose of Treponema hyodysenterlae In the

murine model.
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Materlals and Methods

Animals. C3H/HeN strain mice were obtained from
Harlan Sprague Dawley, Indianapolls, Indlana. CS7Bl/6Jd
mice were kindly provided by Dr. C.J. Warner, Department
of Blochemistry, Iowa State Universlty. Anlmals were
maintained on Mouse Lab Chow #5010 (Purina Mills, Inc.,
St. Louis, Mlssouri) under controlled conditions in the
Laboratory Animal Resource Facility of the College of
Veterlnary Medicline, Iowa State Unlverslity. Mice were 6

to B weeks of age.

Protocol. Each straln of mouse was dlvided into
four groups contalning 6 to B8 mice per group. Mice In
each group received two oral challenges of T.
hvodysenteriae 24 hours apart at one of the followlng
doses: 108, 107, 10®, or 10° treponemes in 1.0 ml! media.
Mice were fasted for 36 hours during the challenge
period. All mice were sacrificed at 10 days post
infection (PI) to ascertain colonization and induction of

lesions in the different groups.

Bacteria. Treponeme hvodvsenterliae straln B204
(serotype 2) was grown anaercbically in Trypticase Soy

Broth (BBL Microbiologlcal Systems, Cockeysville,
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Maryland) supplemented with 5% horse serum (HyClone
Laboratories, Logan, Utah) and 5% yeast extract (BBL).
Highly motile cultures were examined by dark fleld
mlcroscopy, enumerated (Petroff-Hauser countlng chamber),
and d!luted to the appropriate concentratlon In sterlle

cul ture media.

Necropsy Procedure. All mice were necropsied at 10
days post Infectlon. Macroscoplc changes In the cecum
were noted as excess Intraluminal mucus and/or atrophy;
the ceca were aseptically removed and welghed In a
sterile WhirlPak bag (Baxter Co., Minneapolls, Minn.>,
suspended 1:100 w/v in phophate-buffered saline, and
homogenized in a Stomacher Laboratory Blender (A. J.
Seward Co., London, U. K.>. The homogenate was streaked
onto BJ blood agar media (1) for the isolation of T.
hyodysenteriae and examined by darkfield microscopy for
observation of spirochetes. In addition, serial ten-fold
dllutions of the homogenate were added to molten
Trypticase Soy Agar tubes supplemented with 5% ovine
blood and antlblotics (1) and were then pour-plated Into
60 mm Petrl dishes (#25010, Corning Glass Works, Cornlng,
N. Y.> and Incubated anaerobically at 37 degrees C for 96

hours. The zones of hemolysis were enumerated and the
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number of T. hyodysenteriae colony forming units per gram

of cecal tlssue was calculated.
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Table 1. Determination of the T. hyodvsenterlae
infective dose for C3H/HeN mice (ltyCl)
Strain Dose Macro2@ DFb Culture CFUc
C3H/HeN 108  XM,At +++ + 2.3 x 108
" " noon XM,At +++++ + 2.6 x 10
W u " " NGL - - 0.0 d
i ] [T NGL - + 1.0 X 104
" " [Tl XM'At +++ + 5.8 x 10?
" " weow XM,At 4+ - 1.1 x 107
" “ uoon XM,At ++ + 2.8 x 10°
Group mean 4.6 +/- 3.2 x 107
C3H/HeN 107 NGL - + 1.0 x 104d
i i Tl NGL - - 0.0
" " "o XM,At  +++4 - 4.3 x 108
W " W XM,At 4444+ + 5.7 x 106
I " " " NGL ay = 0.0
" " T XM,At ++ + 6.9 x 107
Group mean 8.4 +/- 7.0 x 107
C3H/HeN 106  XM,At +++ 4 3.0 x 106
] i noon NGL = + 1.0 X 104d
" " 0oon XM,At I gl + 1.9 x 10?
1 n " " XM'At + + + 1.4 X 107
n u T XM,At +4+4+4 + 3.8 X 107
i " wou XM,At  +4+++ + 2.0 x 108
Group mean 4.5 +/- 3.1 x 107
C3H/HeN 1065 NGL + + 5.6 x 107
. "4 e NGL - . 1.0 x 10%d
i " " " NGL s + 2-0 X 10—6
L " "o XM,At  +++ 4 3.7 x 107
" " TR XM, At Y 4 1.0 x 109
¢ ® w5 NgE . B 2.2 x 109
Group mean 1.8 +/- 1.6 x 108

dMacroscopic cecal

excess mucus;

negative,

At,

lesions were recorded as: XM,
and NGL, no gross leslons.
PDark field spirochete values (1=low, S=high).
€Colony forming units per gram of cecal tissue.

If the sample was culture positive but plate count

atrophy;

a value of 1 x 104

was assigned.
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Determinatlion of the T. hyodysenteriae
Infective dose for C57/B16J mlce (1tyS)

Strain

Dose

Macro?

DFP

Culture

CFUC¢

CS57B1/6J

CS7B1/6J

1]

C57Bl/6d

C57Bl1/6d

1

o

NGL
NGL
NGL
NGL
XM

NGL
XM

XM, At
NGL
NGL
XM, At
NGL
NGL
NGL

NGL
NGL
NGL
NGL
NGL
NGL

NGL
NGL
NGL
NGL
NGL
NGL

|

+4++

Group

Group

I+ 1

+

mean

I+ + 4+ + +

mean

afeloliollele N OO Ul =+
a [oXoNe N Rl

OO0 0O00

OOCOOCOo
CoOoODOCOCO

eXCess mucus;

dMacroscoplic cecal
At,

lesions were recorded as: XM,
and NGL,

atrophy;
bpark field gpirochete values (l1=]ow,
CColony forming units per gram of cecal
d1f the sample was culture positive but plate count

negative, a value of 1 x 104 was assigned.

no gross leslions.
5=high).

tissue.
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Discusslon

Two questlions were lnvest!gated In thls study: the
maximally infective challenge dose of T. hyodysenteriae,
and whether the ity gene Influenced susceptlibllity of
mice to challenge with T. hvodysenteriae. In the C3H/HeN
mouse strain, a productive infection was noted with all
doses examined (105 through 10® bacteria per challenge).
The results indlicate that, In the C3H/HeN mlice, the
chal lenge dose of 105 was as infective as 108, but less
macroscopic leslons were noted with the smaller dose
(Table 1>. In contrast, the C57Bl/6J straln of mouse was
not as susceptible to establishment of infection as the
C3H/HeN mice, showing no evidence of lesions with doses
of 106 and 1095 spirochetes (Table 2).

A dlfference In susceptibllity exists between these
two Inbred mouse strains. However, the C3H/HeN mouse is
classified as ity", and the C57B1/6J is jityS, thus not
supporting the involvement of the jty cene in the

pathogenesis of T. hyodysenteriae in the mouse model.

Many types of immune responses and pathogen
susceptibilitles have been shown to be based on genotype
in the mouse (i.e., H-2, ltv, 1sh, and lps). However, we

have been unable to demonstrate any genetic basis for the

developmment of leslons by Treponema hvodysenteriae; on
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the contrary, 1ty®-C57/Bl1/6J mice were less susceptibie
to virulent challenge than the itvyY C3H/HeN mice. Inbred
murine dlfferences of Trichinella spiralis sheddling and

of H-2 haplotype (7) also have little influence on

susceptibillity to Treponema hvodysenteriae challenge.
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