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Summary
A 4-month-old male British Blue cat with catarrhal to haemorrhagic enteritis showed massive

colonization of the stomach, small intestine and caecum with spiral-shaped bacilli. In the stomach,
organisms were located in foveolae and gland lumina and within unaltered and degenerate epithelial
cells. In¯ammatory in®ltration was moderate and T cell dominated. In the intestine, bacilli were
found in the gut lumen, between villi, in crypt lumina and within epithelial cells. Degeneration of
crypt epithelial cells as well as crypt dilation and moderate to massive macrophage-dominated
in®ltration of the mucosa and submucosa were observed. Immunohistochemically, bacilli were
positive with an antibody against Helicobacter. Ultrastructurally, the organisms strongly resembled
`Flexispira rappini', a spiral-shaped Helicobacter species known as a normal intestinal colonizer in dogs
and mice.

Introduction

Helicobacter species and Helicobacter-like organisms are frequently demonstrated in the
feline gastric mucosa. Correlation with a variably intense in¯ammatory reaction is stated
in some cases (Otto et al., 1994; Handt et al., 1995; Hermanns et al., 19951 ; Fox et al.,
1996; Happonen et al., 1996; Neiger et al., 1998; Norris et al., 1999; Simpson et al., 2000).
Intestinal Helicobacter infections in cats have been studied very little, presumably due to
dif®culties in identifying these organisms. There are only two reports on intestinal
Helicobacter infections with clinical symptoms in cats (Foley et al., 1998, 1999). In dogs,
mice and hamsters, however, these organisms are regarded as normal intestinal colonizers
(Lockard and Boler, 1970; Gebhart et al., 1989; Schauer et al., 1993; Stanley et al., 1993;
Fox et al., 1995).

This report describes a case of fatal enteritis in a cat, associated with gastrointestinal
infection with spiral-shaped bacilli. Immunohistochemically, the organisms stained
positive with a polyclonal antiserum against H. pylori. Ultrastructurally, they closely
resembled `Flexispira rappini' (Lockard and Boler, 1970; Schauer et al., 1993). The ®ndings
indicate that spiral-shaped organisms like `F. rappini' have to be regarded as potential
gastrointestinal pathogens in the cat.
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Materials and Methods

Animal and tissue processing

A 4-month-old male British Blue cat had been imported from the Czech Republic to Germany
2 weeks before death. According to the owner's knowledge, the animal had been vaccinated once
against feline parvovirus, herpesvirus and calicivirus.

The cat was routinely necropsied. Samples from all parenchymatous organs, stomach,
duodenum, jejunum, ileum and caecum, as well as mesenteric and caecal lymph nodes and thymus
were ®xed in 10% non-buffered formalin for 18 h and subsequently embedded in paraf®n wax.
Sections (5 lm) were stained with haematoxylin and eosin, Warthin±Starry stain, Gram stain
(modi®ed by Weigert), and the periodic acid Schiff (PAS) reaction.

Immunohistochemical examination

Immunohistochemistry was performed for the demonstration of feline leukaemia virus
(FeLV) antigens, parvovirus antigens, and coronavirus antigens as described (Kovacevic et al.,
1997; Kipar et al., 1998a) and for Helicobacter species (rabbit anti-H. pylori; Andersen et al., 1988).
In¯ammatory cells were characterized by cross-reacting antibodies against the CD3 antigen of T
cells, the CD45R antigen of B cells (B220; clone Lu5), and the myeloid/histiocyte antigen of
monocytes/macrophages and neutrophils (clone MAC387) as described previously (Kipar et al.,
1998b).

Electron microscopy

For transmission electron microscopy, formalin-®xed samples of the small intestine were
embedded in epoxy wax, and ultrathin sections were prepared and stained with uranyl acetate and
lead citrate.

Preparation and ampli®cation of bacterial ribosomal RNA genes from tissue samples

After removal of paraplastÒ embedding medium with xylene, the preparation of bacterial
DNA was performed in duplicate using the QIAamp Tissue Kit according to the manufacturer's
recommendations (Qiagen, Hilden, Germany). A 5-ll aliquot of each preparation was used for the
polymerase chain reaction (PCR). Ampli®cations were performed in a total volume of 50 ll,
containing 200 lM deoxynucleoside triphosphates (dATP, dCTP, dGRP, and dTTP), 10 pmol of
each primer, 5 ll of 10-fold concentrated polymerase synthesis buffer, and 1 U of AmpliTaq GoldÒ

DNA polymerase (PE Biosystems, Weiterstadt, Germany). Partial-length small subunit ribosomal
RNA genes (16S) were ampli®ed using the PCR technique with the primers fD1 and 342r (Lane,
1991; Weisburg et al., 1991). These primers can be used to amplify 16S rDNA of a phylogenetically
and taxonomically wide range of bacteria (Lane, 1991; Weisburg et al., 1991). After 40 cycles, the
ampli®cation products were subjected to gel electrophoresis on 1% agarose gels, and visualized by
staining with ethidium bromide. The presence of polymerase inhibitory substances was determined
by spiking the material with positive controls. Negative controls for DNA extraction and for the
PCR reagents were run in parallel.

Results

Clinical ®ndings, serology and gross morphology

According to the owner where the cat lived for 2 weeks, the cat had repeatedly
shown soft faeces and blood in the stools. It was then found dead without having
developed any speci®c symptoms.

Post-mortem, the animal serologically tested negative for FeLV p27 antigen and
antibodies against feline immunode®ciency virus (FIV).
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Macroscopically, haemorrhagic to catarrhal enteritis and massive enlargement of
mesenteric and caecal lymph nodes were stated.

Histopathological, immunohistochemical and electron microscopic ®ndings

Lesions were restricted to the gastrointestinal tract and lymphoid tissues. In the
glandular region of the stomach, moderate T cell-dominated mononuclear in®ltration was
observed. It was represented by disseminated lymphocytes mainly located in the upper
third of the mucosa, and by focal T cell accumulations between or directly below gastric
glands. Within gastric pits and gland lumina as well as within unaltered and degenerating
epithelial cells, numerous bacilli were found, either solitary or in bundles (Fig. 1a,b).
Organisms exhibited an undulatory or ± when moved slightly out of focus ± spiral shape
(Fig. 1a,b).

The small intestine and caecum showed degenerated crypt epithelial cells, crypt
dilation and loss of crypts (Figs 2a, 3a). Crypt lumina often contained detrital material
(Fig. 2a). Within crypt lumina, in the mucosa and ± to a lesser extent ± the submucosa,
moderate to massive mononuclear in®ltration, dominated by myeloid/histiocyte antigen-
positive macrophages, was observed (Fig. 2a,b). Masses of spiral-shaped bacilli were
found in the gut lumen close to the villous surface, between villi, within crypt lumina and
within crypt epithelial cells (Figs 3a,b, 4). Release of bacilli from single degenerating
epithelial cells was observed (Fig. 3a).

Spiral-shaped bacilli stained strongly with the Warthin±Starry stain (Fig. 3b). and
showed a positive immunohistochemical reaction with the polyclonal antibody against
H. pylori (Figs 1a,b, 3c). Staining for parvovirus, coronavirus and FeLV antigens was not
observed. Special stains (Gram, Warthin±Starry, PAS) did not reveal other bacteria in
signi®cant amounts, nor fungal elements or parasites.

Ultrastructurally, the organisms had the morphology of a straight cylinder and
ranged between 4 and 5 lm in length and 0.5±0.7 lm in width (Figs 5, 6). The spiral
shape was due to a single periplasmic ®lament which coiled around the body (Figs 5, 6). It
was located between the periplasmic envelope and the cell wall (Fig. 6). Additionally,
polar ¯agella were observed (Fig. 5). Organisms were also demonstrated within the
cytoplasm of epithelial cells in the small intestine (Fig. 7).

The spleen, mesenteric and caecal lymph nodes, and gut-associated lymphoid tissue
showed moderate follicular and T cell depletion with numerous apoptotic cells and2 tingible
body macrophages. Within the sinuses of the caecal lymph nodes, single macrophages with
a spot-like positive immunohistochemical reaction for Helicobacter antigens were found.
The thymus was massively involuted. Bone marrow activity was moderate.

PCR for bacterial ribosomal RNA genes

PCR did not yield any ampli®cation product for bacterial ribosomal RNA genes
(subunit of 16S gene). No inhibition of ampli®cation was detectable in positive controls.

Discussion

This report describes a case of fatal enteritis in a 4-month-old cat, associated with
massive gastrointestinal infection with spiral-shaped bacilli. Organisms were demonstra-
ted in the stomach, small intestine and caecum. They were located within the intestinal
lumen, between intestinal villi and in gastric glands and pits, as well as within intestinal
crypt lumina and gastric and intestinal crypt epithelial cells. Often, cellular colonization
was associated with epithelial cell degeneration.
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The stomach showed moderate T cell-dominated in®ltration. Regarding this feature,
a difference can be stated to clinically healthy cats with gastric Helicobacter colonization
who exhibit small focal B cell accumulations (Handt et al., 1995; Hermanns et al., 1995;
Fox et al., 1996; Happonen et al., 1996; Norris et al., 1999).

The small intestine and caecum were intensely in®ltrated by macrophages which
were present in the lumen of affected crypts as well as in the mucosa and submucosa. This

Fig. 1. Stomach. (a) Numerous bacilli with undulating/spiral shape are found in gastric glands.
(b) Bacilli are found within the cytoplasm of intact and degenerate (arrow) epithelial cells.

Peroxidase anti-peroxidase (PAP)5 method, Papanicolaou's counterstain. ´ 330.
Fig. 2. Ileum. (a) Loss of crypts, degeneration of crypt epithelial cells and detrital material within
crypts (arrow), massive mononuclear in®ltration of the mucosa. Haematoxylin and eosin. ´ 50.
(b) In®ltration of the mucosa by myeloid/histiocyte antigen-positive macrophages. Peroxidase anti-

peroxidase (PAP)6 method, Papanicolaou's counterstain. ´ 120.
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Fig. 3. Ileum. (a) Spiral-shaped bacilli are released from a degenerate crypt epithelial cell (arrow).
Haematoxylin and eosin. ´ 350. (b) Spiral-shaped bacilli are found in the crypt lumen and within

crypt epithelial cells. Warthin±Starry stain. ´ 280.
Fig. 4. Caecum. Spiral-shaped bacteria are found both in the lumen of crypts with intact epithelial
cells and with detrital material (arrow). Peroxidase anti-peroxidase (PAP)7 method, Papanicolaou's

counterstain. ´ 130.
Fig. 5. The organism has the form of a straight cylinder. The spiral is formed by one periplasmic

®lament coiling around the bacterial body. Transmission electron microscopy. ´ 14 100.
Fig. 6. The periplasmic ®lament is located between the periplasmic envelope and the cell wall. Note

polar ¯agellae. Transmission electron microscopy. ´ 28 200.
Fig. 7. Jejunum. A spiral-shaped bacterium within the cytoplasm of an intestinal crypt epithelial cell.

Transmission electron microscopy. ´ 6000.
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indicates macrophage recruitment due to epithelial cell degeneration and/or bacilli. In this
respect, the present case is similar to a case of histiocytic colitis in a cat (van Kruiningen
and Dobbins, 1979). However, in the latter case, in®ltrating macrophages contained
numerous bacilli, a feature which was lacking in the present case. Furthermore, the bacilli
were morphologically different from those described here (van Kruiningen and Dobbins,
1979). The immunohistochemical demonstration of Helicobacter antigens in single sinus
macrophages in the caecal lymph node indicate phagocytosis and lymphatic transport of
single bacilli.

Light microscopy including immunohistochemistry and electron microscopy did not
give any evidence of other enteric pathogens.3 The morphology of the gastrointestinal
alterations together with the negative immunohistochemical results meant that FeLV-
associated enteritis, parvovirus enteritis and coronavirus enteritis could be excluded
(Reinacher, 1987; Kipar et al., 1998a, 2000). Electron microscopy did not reveal virus
particles in intestinal epithelial cells, rendering other viral infections, such as astrovirus,
rotavirus, or torovirus infections, which are generally of minor pathological signi®cance
(Harbour, 1998), unlikely. Fungal elements or parasites were not demonstrated, and other
bacteria were not observed in signi®cant amounts. Furthermore, it has been shown that the
antibody against H. pylori, applied for immunohistochemistry, does not cross-react with
Salmonella, Shigella, Yersinia, and Campylobacter jejuni/coli (Andersen et al., 1988). Unfortu-
nately, a microbiological examination was not performed which would have served to
de®nitely exclude other potential bacterial pathogens. The case history does not indicate
drugs (cytostatica) or radiation as potential reasons for the alterations observed. Therefore, it
seems likely that the described spiral-shaped organisms are responsible for the lesions found.

Ultrastructurally, the spiral-shaped bacilli have the morphology of a straight cylinder
which is encoiled by a periplasmic ®lament. They are distinct from all Helicobacter species
which have so far been demonstrated in cats, such as H. pylori, H. felis, `H. heilmannii',
H. canis and `H. colifelis' (Lee et al., 1988; Happonen et al., 1996; Foley et al., 1998, 1999;
Norris et al., 1999). The organisms bear more of a resemblance to `F. rappini', H. bilis and
H. canis, some closely related bacilli isolated from the intestine of various species (Lockard
and Boler, 1970; Schauer et al., 1993; Stanley et al., 1993; Fox et al., 1995; Foley et al.,
1999). The presence of a single periplasmic ®lament together with the lack of a basal plate
at the point of ¯agella insertion strongly support that the organism is actually `F. rappini'
(Lockard and Boler, 1970; Stanley et al., 1993; Fox et al., 1995). However, a de®nite
identi®cation of the organism was not possible, as the PCR for bacterial ribosomal RNA
genes (16S rDNA) did not yield any ampli®cation product, thereby excluding determin-
ation of speci®c 16S rDNA sequences. It seems likely that the reason for the failure to
detect 16S rDNA was DNA degradation due to prolonged formalin ®xation and paraf®n
embedding.

Healthy cats are frequently inhabited by Helicobacter (-like organisms) (Otto et al.,
1994; Hermanns et al., 1995; Happonen et al., 1996; Neiger et al., 1998; Norris et al.,
1999; Simpson et al., 2000). Species differentiation has most often identi®ed `H. heilmannii'
and H. felis, whereas H. pylori infection has only been occasionally observed in commercial
catteries, but not in pet or stray cats (Handt et al., 1994, 1995; El-Zaatari et al., 1997;
Neiger et al., 1998). Intestinal Helicobacter infection, however, has only been reported twice
in cats (Foley et al., 1998, 1999). Helicobacter colifelis was isolated from the caecum and
colon of a cat suffering from severe diarrhoea. The bacilli formed dense layers on the
mucosal surface and within crypts which showed dilation and ¯attened epithelium (Foley
et al., 1998). Helicobacter canis was isolated in a cat colony. The bacilli were found to be
adhered to the colonic mucosal surface, and mixed cellular in®ltrates and occasional crypt
abscesses were observed. However, as both healthy cats and cats suffering from diarrhoea
harboured the agent, the pathogenic role of H. canis could not be determined (Foley et al.,
1999).

Intracellular spiral-shaped organisms, as seen in the present case, have only
occasionally been observed in gastric glandular epithelial cells in Helicobacter spp. and
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`F. rappini' infection in cats and dogs (Lockard and Boler, 1970; Lee et al., 1992; Otto et al.,
1994; Simpson et al., 2000), although both dogs and cats bear several Helicobacter species
(Lee et al., 1992; Hermanns et al., 1995; Happonen et al., 1996; Foley et al., 1998, 1999;
Jalava et al., 1998; Neiger et al., 1998; Norris et al., 1999; Simpson et al., 2000). There,
however, infected gastric parietal cells did not show signs of degeneration (Lockard and
Boler, 1970; Lee et al., 1992; Otto et al., 1994; Simpson et al., 2000) as observed in this case
in gastric and intestinal epithelial cells harbouring intracellular organisms. The direct
association of intracellular organisms and cellular degeneration can be regarded as additional
evidence of the pathogenic signi®cance of the `F. rappini'-like organisms found in this case.

Helicobacter species like `F. rappini' and H. bilis are regarded as normal colonizers of
the lower gastrointestinal tract in the mouse (Schauer et al., 1993; Fox et al., 1995). The
same is true for H. cinaedi in hamsters (Gebhart et al., 1989) and H. canis in the dog
(Stanley et al., 1993). However, H. cinaedi and H. fennelliae have been shown to be potential
enteric pathogens in humans (Totten et al., 1985). There is evidence for H. canis to be an
enteric pathogen in cats (Foley et al., 1999), and a new Helicobacter species has been
isolated from cotton-top tamarins with chronic colitis (Saunders et al., 1999). Taking
these observations and the present case into account, there is strong evidence that a group
of phylogenetically closely related Helicobacter species are potentially enteropathogenic
(Stanley et al., 1993; Fox et al., 1995; Saunders et al., 1999).

In the present case, substantial lymphoid depletion was observed. This ®nding
indicates either primary or secondary immunosuppression, the reason for which, however,
cannot be determined. Parvovirus, FeLV, and FIV infection, systemic viral infections
frequently inducing lymphoid depletion, were not demonstrated. Furthermore, the case
history did not give evidence of a speci®c treatment, intoxication, or exposure to radiation.

The source of the cat's infection with `F. rappini'-like organisms remains unidenti®ed.
However, the fact that `F. rappini' belongs to the normal intestinal ¯ora of mice (Schauer
et al., 1993) may point to mice as the potential source of infection.
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