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Tyzzer's disease is an enterohepatic disease of animals, caused by an
obligate intracellular bacterium. In laboratory animals, severity of the
disease may vary from asymptomatic infection to acute clinical
disease with high mortality. The biology of the causative organism and
the pathogenesis of the disease are not fully understood. The intent of
this article is to review currently available knowledge about Tyzzer's
disease.

History of Tyzzer's Disease

The disease was named after Ernest Tyzzer who initially described the
syndrome in 1917. Tyzzer reported a fatal epizootic of necrotizing
hepatitis and hemorrhagic enteritis that resulted in the death of an
entire colony of Japanese waltzing mice. He observed gram-negative,

pleomorphic, sporeforming, intracellular bacteria adjacent to necrotic i
hepatic and intestinal lesions and postulated that the bacterium was

the causative agent. Since the organism did not correspond with any

known bacterial species, Tyzzer named this newly-identified bacterium

Bacillus piliformis, based strictly on its morphology. For many years, E:E‘;L“D‘f-g_’Eﬂﬁg’fﬂﬂ”&ﬂ:ﬁ:;’f ;"Af:”
Tyzzer's disease was believed to be restricted to mice until Allen et al.  bacillus is surrounded by large numbers

of peritrichous flagella.
reported the disease in laboratory rabbits in 19652. Since then the

disease has been reported in a wide range of mammalian animal species, including domestic,3.4.5.6
wild?.8.9.10 and laboratory animals. In laboratory animals, the disease has been found in rats,!! mice,’
gerbils,12.13 hamsters, 14 rabbits,2 guinea pigs,’® and rhesus monkeys.16 Outbreaks of the disease have
occurred world-wide.

Biology

The Tyzzer's bacillus is an unusual organism, unlike any other bacterium described to date. The organism is
a gram-negative, intracellular, pleomorphic, sporeforming, motile bacillus. The vegetative form is large,
ranging from 8-40 um in length, and is motile by means of peritrichous flagella (Fig 1). Spores are 0.5 ym
wide and 3 um long and may be found either as terminal endospores within the bacteria or free within host
cells.

Recent studies by Duncan and colleagues,'” in which they sequenced the 16S rRNA of an isolate obtained
from a rabbit with Tyzzer's disease, indicated that the organism is more closely related to the Clostridium
genus than to the Bacillus genus. Based on these findings, Duncan et al. proposed that the Tyzzer's bacillus
be reclassified as Clostridium piliforme. Experiments in our laboratory with seven additional isolates
confirmed their findings (unpublished data).

Despite numerous attempts by many investigators, the organism has not been cultured on cell-free medium.
In one study alone, over 190 different microbiological media were tested for their ability to support growth of
the bacillus.'8Based on the universal lack of success in culture of the bacterium on cell-free media and the
apparent requirement for viable host cells for propagation of the organism,19 C. piliforme is believed to be an
obligate intracellular bacterium.
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For many years the difficulties in propagation of the Tyzzer's bacillus hampered study of the organism and
Tyzzer's disease. Initial investigations required cultivation of the organism in susceptible animals. However, in
1971, Ganaway and colleagues reported successful culture of the bacteria in yolk sacs of embryonated
eggs.19 The organism was subsequently grown on primary cultures of mouse hepatocytes.20 In recent years,
the organism has been cultivated on a number of immortal mammalian cell lines, including lines derived from
fibroblast, liver and intestinal tissues.21: 22, 23 The bacterium has an apparent generation time of 6 hours.
Organisms grown in embryonated eggs or mammalian cell culture remain infectious and can cause disease
in inoculated laboratory animals with no apparent loss of virulence. Development of techniques for
propagation of C. piliforme in established mammalian cell culture has permitted more intensive investigation
of this organism in recent years.

Organisms designated as C. piliforme represent a heterogeneous collection of bacterial isolates that have
indistinguishable morphology, but are antigenically distinct. Evidence of diversity among isolates came initially
from vaccination studies in mice.24. 25, 26 \Vaccination was most effective when the challenge isolate of C.
piliforme was the same as the isolate used for vaccination. Further evidence of differences among C.
piliforme isolates was demonstrated by agar gel diffusion, complement fixation tests and Western blots.21, 23-
25 These tests revealed that both conserved and isolate-specific antigens were present in the various C.
piliforme isolates. Subsequent studies revealed antigenic and size variation among immunodominant flagellin
proteins from C. piliforme isolates.2”

Transmission and Host Susceptibility

Transmission of the organism is believed to occur primarily via ingestion of spores from contaminated feces.
Because the vegetative form is particularly labile,28 it is not likely that it plays a major role in natural
infections. In contrast, spores are stable and can remain infectious for 1-2 years in contaminated bedding.
Thus, it is thought that spores are the primary means of transmission among animals. Experimental studies
have documented that spores are shed into feces for 1-2 weeks post-infection and that susceptible animals
exposed to contaminated fecal material can develop Tyzzer's disease.29 38, 44 Transplacental transfer has
been reported in experimentally-infected mice and immunosuppressed rats, although the relative importance
of this mode of transmission in natural infections is not known.30,31

In contrast to other laboratory animals, gerbils are susceptible to infections with isolates from a variety of host
species. However, they do not appear to be universally susceptible to infection with all isolates.36 Because of
their inherent susceptibility, gerbils have been used extensively in investigations of Tyzzer's disease.

A number of factors may predispose animals to Tyzzer's dis ease. Stresses such as overcrowding, change in
environmental conditions, and immunosupression may contribute to disease outbreaks in laboratory animals.
A high protein diet has also been shown to predispose animals to Tyzzer's disease.32 Disruption of normal
flora may contribute to disease susceptibility, since rabbits treated with oral sulfonamide have been reported
to break with disease.33 In addition to species specificity, there is evidence that certain host strains are more
susceptible to infection. In studies conducted by Waggie,34 CBA/N and C3.CBA/N mouse strains, which are
de fective in IgM production, appeared to be more susceptible to infection than were immunocompetent
mouse strains.Several pieces of evidence suggest that C. piliforme infections may also occur in man: 1) C.
piliforme infections have been reported in a very broad range of animal species, including rodents, many
species of domestic and wild animals, and rhesus monkeys The occurrence of infections in almost every
category of animals species, including rhesus monkeys, a non-human primate physiologically similar to man,
implies that C. piliforme may also infect man. 2) Studies by Fries using an indirect immunofluorescence assay
demonstrated antibodies to C. piliforme in 166 of 287 human serum samples.35 In animals, induction of
serum antibodies requires infection with viable organisms.36 Extrapolating these data to humans would
suggest that antibodies to C. piliforme found in humans are the result of active infections, not simple
exposure. The inherent difficulties in diagnosis of C. piliforme infections may have thus far prevented
identification of the disease in man. Further investigations will be needed to document Tyzzer's disease in
man; however, it seems reasonable that it may occur.

Host Specificity

C. piliforme isolates are predominately host specific. Host specificity was initially suggested by Fujiwara23-25
and Waggie et al.37 Their findings have been further supported by studies in our laboratory in which well-
characterized, antigenically diverse isolates were used to infect rats, mice and hamsters.38 Results of these
investigations indicate that isolates are predominately host specific, but some cross-infectivity may occur
among animal species, particularly between rats and mice. The molecular mechanism(s) responsible for this
host specificity is not known, but it is likely that specific bacterial adhesins or host receptors may control initial
events in infection that result in host specificity of isolates.

Pathogenesis

The initial site of infection is the intestinal epithelium with hepatic and cardiac involvement during later stages
of the disease. Dissemination of the bacteria is believed to occur via the vasculature. Takagaki and Fujiwara
reported that in experimentally infected, cortisone-treated animals, bacteremia occurs in the late stages of the
disease.39 Their findings indicated that the number of organisms increased to 106-107 organisms per ml of
blood before death.

Like other obligate intracellular pathogens, the ability of C. piliforme to cause disease hinges on its ability to
invade a host cell and survive within the hostile intracellular environment. In our laboratories the cellular and
intracellular events in C. piliforme infections have been examined using an in vitro model with a human colon
carcinoma cell line, Caco-2.23 This cell line is particularly applicable because it forms a polarized monolayer
with a functional brush border that closely resembles the intestine, the initial site of C. piliforme infection.
Ultrastructural examination of infected Caco-2 monolayers revealed a putative sequence of events that occur
in C. piliforme infections (Fig 2). Based on these observations, it appears that C. piliforme enters the host

epithelial cell through the apical surface by a phagocytic-like mechanism. Once inside the cell, the organism
rapidly exits the phagosome and replicates within the cytoplasm and nucleus of the host cell. This ability to
exit the phagosome is thought to be an important virulence determinant allowing the organism to survive
intracel lularly and evade host-mediated killing mechanisms. Dissemination of the bacteria appears to occur
following lysis of the host cell.

Figure 2. Transmission electron mucrographs of Caco-2 mammalian cell monolayers
infected with C_ piliforme. (&) Baclerium invading a Caco-2 cell al the apical surface.
{B} Bacterium undergaoing replication within the cyloplasm of an mfected ceil. ()
Infected Caco-2 cells containing numercus, intensely-stained infracytoplasmic -
bacteria.
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Virulence determinants of C. piliforme are not well defined. Recent studies have shown that certain isolates
produce cytotoxins that may function as virulence determinants.40 Nine of twelve isolates examined in our
laboratories to date produce a high molecular weight, non-protease, temperature sensitive, protein molecule
that is cytotoxic for mammalian cells. While the role of toxins in pathogenesis of disease has not been
elucidated, preliminary studies indicate that animals infected with toxigenic isolates exhibit strikingly more
severe clinical signs and histopathologic lesions and have markedly higher mortality rates than do animals
infected with non-toxigenic isolates. Based on these data, it is tempting to speculate that outbreaks with
severe clinical disease and high mortality rates may be due to toxigenic isolates, whereas asymptomatically-
infected animals may be infected with nontoxigenic isolates. While further studies are needed to define the
contribution of cytotoxins to pathogenesis of Tyzzer's disease, it is possible that C. piliforme toxins, like other
bacterial toxins, may play a major role in pathogenesis of the disease.

Clinical Signs

Acute disease is most often observed in suckling or weanling animals, but animals of any age may be
affected. Clinical signs of acute disease include rough hair coat, weakness, lethargy, and death. Animals may
also experience watery to pasty diarrhea or perianal fecal staining. Megaloileitis has also been correlated with
Tyzzer's disease in rats.4! Onset of clinical signs and death may occur rapidly with mortality rates varying
from low to very high. The acute form of the disease appears to be rare in natural infections; however,
seemingly healthy animals can apparently harbor a subclinical form of infection which can develop into acute
disease when the animal is subjected to stress, such as overcrowding, change in environmental conditions,
immunosuppression or other types of experimental manipulations. Severity of C. piliforme infections may be
dependent on both the isolate and animal species involved. In research facilities, spontaneous outbreaks of
clinical Tyzzer's disease are most commonly seen in gerbils, hamsters, guinea pigs and rabbits. Infections in
rats and mice often remain asymptomatic.

Pathology

Gross lesions may vary from none to severe and are characteristically found
in the liver, lower intestine (ileum, cecum and proximal colon) and less
frequently the heart. The most consistent finding is an enlarged liver with
multiple gray to white foci scattered throughout the liver (Fig 3). Foci may
coalesce in severe cases.

While hepatic lesions are a hallmark of Tyzzer's disease, the liver is not

always affected. Intestinal lesions are usually evident in acutely infected

animals and consist of varying degrees of serosal edema with or without

obvious hemorrhage. The small intestine usually contains scant ingesta, 3

whereas the cecum is often filled with abundant watery material. Cardiac Figure 3_hph.;.1.;.g,aph of gross
. R . p . lesions m a mouse with

lesions consisting of white streaks within the myocardium have been reported

Tyzzer's disease demon-

in gerbils, hamsters, rabbits, rats and mice. sttt nulbiphé:fod of hepatic
MECT0sEE.

Histopathologically, lesions of Tyzzer's disease are
characterized by necrosis with varying degrees of
inflammation in response to the necrosis. Acute hepatic
lesions consist of necrotic foci surrounded by minimal,
primarily neutrophilic, inflammation (Fig 4). As the disease
progresses, the inflammatory response may in crease but
rarely becomes a predominant feature. Chronic foci may
become mineralized or fibrotic. Acute lesions of the
intestine consist of single cell necrosis of primarily the
luminal enterocytes. The lamina propria and submucosa

may be edematous and contain a mild neutrophilic

infiltrate. Figure 4. Hemaloxylin-eosin stained issue section of
liver from a mouse with Tyzzrer's disease showing
characteristic hepatic lesions and inflammatory

) ) response, Silver-stained fissue section of liver from a
As the lesion progresses, necrosis becomes more mouse with Tyzzer's disease showing intracedlular
extensive and the inflammatory response shifts to DACKEN. BICKUIRENCE AIONR.

lymphocytic. At this stage, necrotic foci may be evident in the intestinal muscular layers especially in the
ileum. Healing and repair are evidenced by hyperplasia of the crypt epithelium. Myocardial lesions consist of

mild inflammation as sociated with small necrotic foci. Histopathologic evidence of encephalitis involving the

cerebral cortex and thalamus has been reported in naturally-infected gerbils.42

Because C. piliforme organisms stain faintly with hematoxylin and eosin, silver stains, such as Warthin-Starry,
Steiner or Dieterle's, are used to enhance detection of these bacteria. In acute to subacute lesions,
intracellular bacteria are found in viable cells adjacent to necrotic foci. Bacteria are more difficult to find in
chronic repairing lesions. Within the cell, C. piliforme are found lying next to each other in a unique, almost
pathognomonic, ar rangement which has been described as a "bundle of sticks" or "pick up sticks"
arrangement (Fig. 4 insert).2, 19, 43, 44
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Diagnosis

Definitive diagnosis of Tyzzer's disease is often problematic. Diagnosis has traditionally relied on
histopathologic evidence of C. piliforme infection and is based on the presence of characteristic lesions and
the large, intracellular bacteria. While a diagnosis of Tyzzer's disease was once thought to require hepatic
involvement, experimental studies have shown that infection of hepatocytes is a transient phenomenon,
lasting only 3-7 days. In contrast, intestinal involvement appears to be maintained for a longer period of time,
up to 13 days postinfection. Thus, histologic examination of intestinal tissues is critical in establishing a
definitive diagnosis.

Since infections can be transient, examination of affected tissue may reveal limited, if any, organisms, which
further confounds diagnosis of Tyzzer's disease. In attempts to increase the bacterial numbers, disease
provocation regimens, in which immuno suppressive reagents are administered to animals, have been used
with mixed success 32, 49, 46, 47, 48, 49 Based on the limited reliability of these regimens, disease provocation
methods appear questionable as convincing diagnostic tools to determine whether animals are free of C.
piliforme. Alternatively, gerbils, which are uniquely susceptible to Tyzzer's disease, have been used as
sentinels to detect C. piliforme infections.44 While effective in some cases, this strategy is problematic in that
gerbils are not susceptible to all strains of C. piiiforme.38 Serological assays have also been used
diagnostically to detect C. piliforme infections. Experimental studies have shown that induction of serum
antibody to C. piliforme requires viable organisms; simple exposure to killed bacteria is insufficient to
generate an immune response.38 These findings suggest that the presence of specific serum antibodies to C.
piliforme indicates that the ani mals have been infected. In early studies, complement fixation tests were
used, but these lacked sensitivity.24-26 Subsequently, indirect immunofluorescence assays (IFA) and enzyme-
linked immunosorbent assays (ELISAs) were developed using whole organisms or extracts from infected
tissues or embryonated eggs.®0: 51 However, non-specific crossreactivity of antibodies to other organisms
often yielded false positive results in these assays. Recent advancement in techniques for propagation of C.
piliforme in mammalian cel1 cultures has provided more defined antigen preparations for ELISA testing,
which have improved but not eliminated non-specific reactivity. Therefore, careful analysis of the data and
comparison of results with known positive controls are needed to appropriately interpret serologic
evaluations. More purified and specific antigens will be required to enhance the specificity of ELISA assays
and resolve problems associated with nonspecific crossreactivity and false positive results. Until such re
agents are developed, definitive diagnosis of subclinical C. piliforme infections will remain difficult. At present,
there is no adequate confirmatory test. Follow-up testing might include serological examination of cohort
animals or histological evaluation following immunosuppression with disease provocation regimens.Recently,
a specific monoclonal-based competitive inhibition ELISA has been developed which allows identification of
the specific isolate involved in C. piliforme infections of laboratory animals.52 The ability to delineate the
specific isolate may provide a tremendous epidemiological tool for the control and prevention of subsequent
disease outbreaks in laboratory animals.

Prevention and Control

Control of Tyzzer's disease is best achieved by preventing entrance of the bacterium into a research colony
through strict monitoring of incoming animals and decontamination of food, bedding and water supplies.
Since infectious spores are inactivated by heat ing for 30 minutes at 80 degrees Celsius, routine autoclaving
of food, bedding and water should be effective in preventing food-or water-borne Tyzzer's disease. In
colonies where Tyzzer's disease is endemic, depopulation is recommended with subsequent repopulation
with C. piliforme- free animals. Contaminated surfaces can be effectively disinfected by treatment with 0.3%
hypochlorite (bleach) for 5 minutes.

Antibiotic treatment of infected animals has yielded variable results. A number of studies have examined
various antibiotics for treatment of Tyzzer's disease. Although techniques and evaluation methods varied,
tetracycline, oxytetracycline, and penicillin were the most effective antibiotics for alleviation of clinical signs
due to C. piliforme infection. However, these antibiotics have not been shown to effectively eliminate this
bacterium and their use should be restricted to individual or very valuable animals. Antibiotic therapy is not
currently recommended for elimination of Tyzzer's disease from an endemically infected colony.Interference
with Research

The devastating effect of acute clinical disease and mortalities of laboratory animals on research experiments
is obvious. Altered pharmacokinetic responses have been documented in animals recovered from clinical
Tyzzer's disease. Other direct effects of Tyzzer's on research have not been documented. However, the
pathological effects of the infection on the gastrointestinal tract and liver would suggest that investigations in
which these systems are key elements should avoid use of infected animals. Less obvious, but perhaps more
detrimental, is the potential effect of subclinical infections on biomedical research. While the effects of
asymptomatic infections on the animal physiology remain un known, subclinical infections may alter the
animal physiology, resulting in altered or invalid experimental results.

Summary

Tyzzer's disease is an enterohepatic disease of laboratory animals. The etiologic agent of the disease is a
heterogeneous group of sporeforming obligate intracellular bacteria, called C. piliforme. Severity of the
infection may vary from asymptomatic infection to acute clinical disease with high mortality. Disease
manifestations may depend on the animal species and the C. piliforme isolate involved. Pathogenesis of the
disease is not well-understood. Control of Tyzzer's disease in research colonies is best accomplished by
preventing entry of the organism into the facility.
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