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Special Section

Clostridium piliforme infection
(Tyzzer disease) in horses: retrospective
study of 25 cases and literature review

Juan A. Garcia,* Mauricio A. Navarro,*’
Francisco A. Uzal

Karina Fresneda,

Abstract. Tyzzer disease (TD) is caused by Clostridium piliforme, a gram-negative and obligate intracellular bacterium. The
disease occurs in multiple species. A triad of lesions, namely colitis, hepatitis, and myocarditis, is described in cases of TD in
some species, such as rats and mice. We carried out a retrospective analysis of 25 equine cases with a diagnosis of TD; 24 of
25 cases occurred in foals <45 d old; the remaining foal was 90 d old. There were 12 males and 12 females; no sex information
was available for one foal. The affected breeds were Quarter Horse, Thoroughbred, Arabian, Paint, and Hanoverian. Most of the
cases (19 of 25) occurred in the spring. There were 9 cases of sudden death; the remaining animals had diarrhea, fever, distended
abdomen, depression, weakness, non-responsiveness, and/or recumbency. Gross findings included icterus, hepatomegaly with
acinar pattern, serosal hemorrhages, pulmonary edema, and/or fluid content in small and large intestine. Microscopically, all
foals had severe, multifocal, necrotizing hepatitis. Necrotizing lymphohistiocytic colitis was observed in 10 of 25 foals, and
multifocal necrotizing myocarditis was found in 8 of 25. Gram-negative, Steiner-positive, intracytoplasmic filamentous bacteria
were observed in hepatocytes, enterocytes, and myocardiocytes, respectively. PCR detected C. piliforme DNA in the liver (24 of
24), colon (20 of 24), and heart (5 of 25). Our results indicate that necrotic hepatitis is the hallmark of TD in horses; the so-called

triad of lesions is not a consistent characteristic of the disease in this species.

Keywords: Clostridium piliforme; colitis; hepatitis; horses; myocarditis; Tyzzer disease.

Tyzzer disease (TD) is caused by Clostridium piliforme, a
gram-negative, obligate intracellular bacterial pathogen. The
disease occurs in laboratory, wild, and domestic animals.’> A
rare case of C. piliforme infection has been reported in an
HIV-infected human patient.*®

The pathogenesis of TD in horses is not fully understood.
The current belief is that ingestion of spores from the envi-
ronment, most likely from feces of carrier animals, is fol-
lowed by colonization of the intestine, absorption into the
blood circulation, and infection of the liver and other
organs.**' This mechanism is supported by a study in which
TD was reproduced in foals by dosing them orally with feces
from infected horses.”

Although the literature describes a classic triad of necro-
inflammatory lesions for TD affecting liver, heart, and colon,
the organ distribution of lesions varies greatly among animal
species.'>***% Most cases of TD in horses seem to affect the
liver, and rarely the heart and colon.*'"?'%* However,
information about the distribution of lesions in horses with
TD is scant and, to our knowledge, there are no detailed
descriptions of the distribution of C. piliforme in different
tissues of horses with this disease.

Here we present a retrospective study of cases of TD in
horses, in which we describe in detail the main gross and

microscopic lesions with special emphasis on the distribu-
tion of C. piliforme in different tissues, and we review the
literature on this condition in horses.

Materials and methods

We reviewed 25 equine cases with a diagnosis of TD sub-
mitted for autopsy between 1991 and 2015 to the San Ber-
nardino laboratory of the California Animal Health and
Food Safety (CAHFS) Laboratory System, University of
California—Davis (Table 1). The diagnosis had been con-
firmed by the pathologist in charge of each case based on
gross and microscopic lesions.”’ A postmortem examination
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Table 1. Signalment, time of the year, and clinical history of 25 foals with Tyzzer disease.

Case Age (d) Sex Breed Month (season) Clinical signs

1 30 M Thoroughbred April (spring) Distended abdomen

2 30 F Thoroughbred May (spring) Depression, labored breathing
3 10 M Quarter Horse June (spring) Weakness

4 7 M NR March (winter) Depression

5 10 F Quarter Horse April (spring) Recumbency

6 10 M Hanoverian May (spring) Sudden death

7 28 M Quarter Horse May (spring) Depression, fever

8 30 F Quarter Horse June (summer) Sudden death

9 12 M NR March (spring) Recumbency, non-responsiveness
10 24 M Quarter Horse March (winter) Sudden death

11 12 F NR June (spring) Diarrhea

12 21 M Quarter Horse April (spring) Recumbency, seizure, diarrhea
13 19 F Quarter Horse April (spring) Sudden death

14 14 F Quarter Horse March (spring) Depression, diarrhea

15 21 M Quarter Horse April (spring) Recumbency

16 35 F Arabian June (summer) Depression, diarrhea

17 90 F Arabian August (summer) Diarrhea

18 30 M Quarter Horse May (spring) Unconsciousness, labored breathing, fever
19 21 F Quarter Horse June (spring) Sudden death

20 12 M Thoroughbred April (spring) Sudden death

21 24 F Thoroughbred April (spring) Sudden death

22 30 F Quarter Horse June (spring) Muscle pain

23 14 M Paint June (spring) Lethargy

24 30 F Thoroughbred February (winter) Sudden death

25 25 NR Thoroughbred May (spring) Sudden death

F=female; M =male; NR =not reported.

had been performed on every case. Several ancillary tests
were performed following CAHFS standard operating pro-
cedures. These included, for most cases, aerobic and anaero-
bic culture of the liver, spleen, lung, small and large intestinal
content, ELISA for C. perfringens and C. difficile toxins on
small and large intestinal content, fecal flotation, heavy
metal screen on liver, and impression smears of liver and
kidney for fluorescence antibody testing for Leptospira sp.
and equine herpesvirus 1 (EHV1; Equid alphaherpesvirus
1). Samples of liver, kidneys, spleen, lungs, skeletal muscle,
small and large intestine, stomach, adrenal gland, lymph
nodes, thymus, heart, and/or brain had been collected and
fixed by immersion in 10% neutral-buffered formalin (pH
7.2), for 24—72 h. The brains were then sliced at ~1-cm inter-
vals, and samples from parietal cortex, corpus striatum,
thalamus, midbrain at the level of superior colliculi, pons,
cerebellar peduncles, cerebellum, and medulla at the level
of obex were collected and fixed for another ~1 wk in fresh
formalin. Four-micrometer sections were prepared routinely
and stained with hematoxylin and eosin (H&E). For our
study, the H&E-stained sections plus sections of liver, heart,
and colon from 24 of the horses stained with Steiner silver
stain were examined blindly by 2 of the authors (J. Garcia,
M. Navarro).

Scrolls from archived (1991-2015) paraffin blocks of
liver (n=24), colon (n=24), and heart (n=25) from the
horses were deparaffinized; sections of 1 colon and 1 liver
from 2 different foals were not available. DNA was extracted
from these formalin-fixed, paraffin-embedded (FFPE) tis-
sues (QIAamp DNA FFPE tissue kit; Qiagen) following
the manufacturer’s instructions. The extracted DNA was
used as template for PCR amplification of a 162-bp frag-
ment of the 16S rRNA gene of C. piliforme, using the
primers F (5-~AGCAAACGCAATAAGCACTCCA-3') and
R (5'-TACTTTACGTAGCCTGTCAATGGTATGT-3'). PCR
was performed in a total volume of 25 puL containing 0.5 uLL
of each primer (0.5uM), SuL of extracted DNA, 7uL of
nuclease-free water, and 12 pL of PCR master mix 2x (Pro-
mega), which contains Taq DNA polymerase (pH 8.5, 50U/
mL), dNTPs (400 uM), and MgCl2 (3mM). Thermocycler
profiles were as follows: 95°C for 10 min, 35 cycles of 95°C
for 35s, 53°C for 355, and 72°C for 355, and a final exten-
sion step at 72°C for Smin. Samples were held at 4°C.

Results

Briefly, 24 of 25 foals where <45 d old; the remaining animal
was 90d old (Table 1). There were 12 males and 12 females;
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Figure 1. Gross findings in 25 foals with Tyzzer disease. A.
Distribution of macroscopic lesions by organ system. B. Frequency
of macroscopic findings.

the sex was not recorded for one animal. Most animals were
Quarter Horses; there were fewer Thoroughbred, Arabian,
Paint, and Hanoverian horses. Nineteen of the cases occurred
during spring; the remaining cases occurred in late winter or
early summer. Of the 16 foals that were presented with acute
disease, clinical signs included 1 or more of the following:
diarrhea, fever, distended abdomen, depression, weakness,
non-responsiveness, failure to nurse, labored breathing, or
recumbency. The other 9 foals were found dead without clin-
ical signs being observed.

Gross changes were noted primarily in liver, heart, and
intestine (Fig. 1; Suppl. Table 1). Briefly, most foals (16 of 25)
had enlarged livers with rounded edges (Fig. 2), and a marked
acinar pattern (18 of 25) characterized by multiple red-brown
or white foci distributed randomly throughout the parenchyma
(Fig. 3). Icterus (13 of 25) and serosal petechiation (7 of 25)
were common features in various organs. The large intestinal
mucosa, primarily colon, was usually diffusely red, and there
was liquid or semi-liquid content within the large (Fig. 4) and
small intestine. In the heart, subendocardial, and less frequently
subepicardial, petechiae and ecchymoses (11 of 25) were
observed (Fig. 5). A few animals (5 of 25) had pale foci in the
myocardium. Pulmonary edema (9 of 25), splenomegaly (5 of
25), and lymphadenomegaly (5 of 25), mainly of hepatic and
mesenteric lymph nodes, were observed occasionally.

Histologically, all foals (Fig. 6) had randomly distributed
foci of hepatic necrosis, which often coalesced (Fig. 7; Suppl.

Table 2). These foci were characterized by a center of coagu-
lative necrosis admixed with fibrin, viable and degenerate
neutrophils (Fig. 7), and occasionally, hemorrhage (7 of 25).
The hepatocytes surrounding these foci were often swollen
and had approximately round cytoplasmic vacuoles. A vari-
able number of intracytoplasmic, and rarely interstitial,
gram-negative filamentous bacilli that tended to form
bundles were observed primarily in the hepatocytes at the
margin of the necrotic foci (Fig. 7, inset). Steiner silver stain
highlighted these filamentous bacteria in the cytoplasm of
hepatocytes in all 24 livers stained with this technique (Fig.
8; Table 2).

Necrotizing, lymphohistiocytic, multifocal-to-diffuse
colitis with crypt necrosis of variable severity was observed
frequently (10 of 25). The colonic mucosa was multifocally
to diffusely necrotic and sloughed, and rarely covered by a
pseudomembrane of cellular debris, fibrin, leukocytes, and
mixed bacteria (3 of 25; Fig. 9). The lamina propria was usu-
ally infiltrated by moderate-to-abundant lymphocytes and
histiocytes, and lesser numbers of plasma cells and neutro-
phils. In a few cases, the lamina propria was distended by
clear edema and was hypocellular (4 of 25). Multifocally,
single-to-multiple dilated crypts, with abundant necrotic
debris in the lumen and lined with attenuated and/or necrotic
epithelium, were observed. The submucosa had scattered,
multiple aggregates of lymphocytes, plasma cells, and mac-
rophages. Increased numbers of leukocytes within blood
vessels were observed frequently. Fibrin thrombi in the
lumen of mucosal and submucosal blood vessels (2 of 25)
and lymphocytolysis of gut-associated lymphoid tissue (2 of
25) were seen rarely. Faintly basophilic intracytoplasmic
filamentous bacilli were rarely observed in epithelial cells of
intestinal crypts or in superficial enterocytes in 4 foals. Sim-
ilar bacilli were observed in 18 of 24 colon sections stained
with Steiner silver stain (Fig. 10; Table 2).

Eight of 25 foals examined had necrotizing myocarditis
characterized by foci of myofiber degeneration and necrosis,
with vacuolation of fibers, segmental loss of cytoplasm and
striations, and infiltration of neutrophils, lymphocytes, and
histiocytes (Fig. 11). The myocardium of 2 of these foals had
focal fibrosis. Subendocardial and subepicardial, multifocal
or focally extensive hemorrhages were observed in 7 foals.
Intracytoplasmic filamentous bacteria were observed only in
the myocardiocytes of 1 of 24 cases stained with Steiner sil-
ver stain (Fig. 12; Table 2). Only 4 foals had lesions in all 3
organs usually considered part of the Tyzzer triad of lesions
(i.e., necrosis in liver, heart, and colon).

Other microscopic lesions included: interstitial pneumo-
nia (n=9); lymphadenitis of hepatic and mesenteric lymph
nodes (n=>5); thrombosis in thymus, lung, kidney, and lymph
nodes (n=3); leukocytosis observed in various organs,
mainly brain, colon, kidney, lung, and heart (n=5); lymphoid
depletion and lymphocytolysis in hepatic and mesenteric
lymph nodes, and in spleen and gut-associated lymphoid tis-
sue (n =12); histiocytic splenitis (n=3); cerebral hemorrhage
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Figures 2-5. Macroscopic lesions in foals with Tyzzer disease. Figure 2. The liver is enlarged with rounded edges in foal 8. Figure 3.
Pale necrotic foci are dispersed throughout the parenchyma of the liver in foal 8. Figure 4. Abundant liquid content in the colon of foal 2.
Figure 5. Subendocardial hemorrhages in the heart of foal 9.

Table 2. Steiner staining and molecular results on sections of Table 2. (continued)
liver, colon, and heart of 25 foals with Tyzzer disease.

Liver Colon Heart

Liver Colon Heart
Case Steiner PCR Steiner PCR Steiner PCR

Case Steiner PCR  Steiner PCR  Steiner PCR

13 + + + + - +
1 + + + + + + 14 + + + + - +
2 NP NP + + - - 15 + + + + - -
3 + + + + - - 16 + + - + - -
4 + + + + - - 17 + + + - - -
5 + + + + - - 18 + + - - - -
6 + + + + - + 19 + + NP NP - -
7 + + + + - - 20 + + + + - -
8 + + - + - - 21 + + - + - -
9 + + - - - - 22 + + + + - -
10 + + + + - + 23 + + - - - -
11 + + + + - - 24 + + + + - -
12 + + + + - - 25 + + + + - -

(con tin ued) —=negative; +=positive; NP=not processed.
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Figure 6. Distribution of microscopic lesions by organ system
in 25 foals with Tyzzer disease.

(n=6); and encephalopathy with proliferation of Alzheimer
type Il cells (n=1). PCR revealed C. piliforme DNA in 24 of
24 livers, 20 of 24 colons, and 5 of 25 heart specimens tested
(Table 2).

Of the 14 animals that were tested for heavy metals, 8 had
low marginal selenium concentrations, 3 had high copper
concentrations, and 3 had low zinc concentrations. Other
heavy metals were within reference intervals. No aerobic or
anaerobic bacterial pathogens were isolated from any of the
tissues cultured. Fluorescent antibody testing for Leptospira
sp. and EHV1 was negative in the 7 and 5 animals tested by
these techniques, respectively. Trichostrongylus spp. eggs
were detected in feces of 1 of the 5 animals tested by fecal
flotation.

Discussion

Hepatic lesions were present in all 25 horses in our study;
enteric and myocardial lesions were present in only a few of
these animals. Our results indicate that necrotic hepatitis is
the hallmark of TD in horses, and that the triad of lesions
characteristic of TD in several animal species should not be
considered constant in horses. The fact that some horses did
show this triad of lesions, whereas others did not, may be
related to variations in the virulence of different C. piliforme
isolates.” This triad of lesions has been reported in dogs, rats,
mice, monkeys, deer, a parrot, and a serval cat >*242838
Intestinal lesions alone have been described in kittens.
Liver and colon lesions have been described in a calf and a
panda'*'®**; lesions in only the liver were reported in musk-
rats,'” and simultaneous liver and heart involvement was
reported in marsupials.’ In rodents and rabbits, the intesti-
nal tract and the liver, but not the heart, are usually

13,22

involved.>”'"* In 2 studies involving foals, the intestine
was affected in 3 of 6 cases,’ and the myocardium in 1 of 4
cases.”” Two individual case reports described only hepatic
lesions in foals."!" In a retrospective study of 148 foals, TD
was characterized primarily by hepatic lesions, with lesser
involvement of the intestinal tract and rarely the myocar-
dium, although no details of the pathologic findings in heart
and colon were given.*

Our results are consistent with previous reports in which
the liver was the organ most frequently affected by TD in
horses. Although the classic triad of lesions was observed in
4 of 25 foals, C. piliforme was detected by PCR in all 3 loca-
tions in only 1 of the 4. Even though aged FFPE samples are
not ideal for the recovery of nucleic acids, the detection of
C. piliforme DNA in all available samples of liver suggests
that the PCR results observed are reliable, with positive cases
even when silver stains failed to reveal the microorganism.
Although intestinal damage is proposed as part of the initial
pathogenesis of TD,'®*! in our study, only 10 of 25 foals had
some degree of histologic intestinal damage. However, the
detection of C. piliforme by PCR in 20 of 24 colon sections
suggests that the colon is colonized in most horses, and it
likely precedes hepatic and systemic colonization. It is pos-
sible that the colon is the site through which C. piliforme
enters the portal circulation without necessarily producing
significant colonic lesions. It is also possible that sections
with lesions in the colon were not sampled.

C. piliforme was detected by PCR in 5 of 25 heart sections,
but only 1 of the 5 cases had histologic myocardial lesions.
However, myocardial necrosis and/or myocarditis were
observed in 8 cases, although C. piliforme was not identified.
It is possible that these lesions were produced by this micro-
organism, but the bacterial load was below the limit of detec-
tion of PCR, or that bacterial DNA had been degraded during
storage. The virulence factors of C. piliforme are not known.
It has been speculated, however, that this microorganism
produces toxins that are involved in the pathogenesis of TD.*
It is possible, therefore, that the myocardial lesions were pro-
duced by such toxins.

Two foals in our study had neurologic clinical signs, and
one of them had brain lesions compatible with hepatic
encephalopathy'?; the other foal had choroiditis of undeter-
mined etiology, which may have been responsible for its
neurologic signs. Rare cases of encephalitis have been
reported in a bird, a monkey, and a gerbil with TD.'®!*-**%7
This was, however, not the case in any of the horses in our
study.

Although TD affects foals primarily within the first 45 d
of life,”*? cases may occur in foals up to 90d old. This was
the case in our study, in which the majority of foals were
<45d old, and only one 90-d-old animal was reviewed.

Although we could not retrieve the breed distribution of
the CAHFS foal caseload, there are no reports suggesting
breed predisposition to TD. Most foals autopsied at CAHFS
during the study period were received during the spring.
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Figures 7-12. Microscopic lesions in foals with Tyzzer disease. Figure 7. Focus of coagulative hepatic necrosis, admixed with fibrin,
and viable and degenerate neutrophils in foal 8. The surrounding hepatocytes are swollen and have vacuolated cytoplasm. Inset: numerous
intracytoplasmic filamentous bacilli (arrowhead) form bundles in the cytoplasm of a hepatocyte at the margin of the necrotic focus. H&E.
Figure 8. Filamentous bacteria are evident in the cytoplasm of the hepatocytes in foal 8. Steiner silver stain. Inset: filamentous bacilli at
higher magnification. Figure 9. Diffuse, necrotizing colitis in foal 2. H&E. Figure 10. Intracytoplasmic filamentous bacteria in colonocytes
in foal 2. Steiner silver stain. Inset: filamentous bacilli at higher magnification. Figure 11. Focus of myocardial necrosis and degeneration
with lymphohistiocytic inflammatory infiltrate in foal 9. H&E. Figure 12. Filamentous bacteria in the cytoplasm of myocardiocytes
(arrowheads) in foal 9. Steiner silver stain.
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However, the higher incidence of TD observed in the spring
likely simply reflects the seasonality of foal submissions.

Immunosuppression has been suggested as a predisposing
factor; this was seen in kittens, dogs, a panda, and a human
patient.®'>'%212¥ In 13 foals of our study, lymphopenia (n=2)
(results not shown) and/or lymphoid tissue depletion (n=12)
in lymph nodes, spleen, gut-associated lymphoid tissue and/
or thymus were present, and could be the result of previous
stress or viral infections.'>'*** Although one common immu-
nosuppressive factor triggering the disease could not be
determined, 8 of 25 foals had stress-inducing conditions,
such as chronic intermittent diarrhea, omphalitis, myositis,
or inadequate colostrum ingestion. Eight foals in our study
had selenium deficiency, which may increase susceptibility
to infection.”’
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