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ABsTRA(:T: Forty-three wild rats (Rattus nary-

egicus) trapped in Milan (Italy) were examined
for gastric spiral bacteria and to evaluate asso-
ciated histological lesions. Spiral bacteria were
histologically detected in the stomach of 10 rats
(23%). The morphological features of these mi-

croorganisms, observed using both light and

electron microscopy, correspond to those of
Helicobactem heilmannii. Mild gastritis charac-
terized by focal lymphoplasmacytic infiltration
of the lamina propria was observed in six rats

with gastric spiral bacteria. Our findings sug-

gest a causal role of these bacteria in inducing

a gastric inflammatory response.
Key tvords: Gastric pathology, gastric spiral

bacteria, gastritis, Gastrospirillum, Helicobactem

heilmannii, Rattus norvegicus, survey, wild rats.

Although spiral-shaped bacteria have

been known from the stomach of some an-

imal species since the end of the nine-

teenth century (Bizzozero, 1893; Salomon,

1896), it was only after the observations of

Warren and Marshall (1983), who for the

first time described Helicobacter pylon in-

fection and its association with gastritis in

human beings, that a renewed interest in

such bacteria developed in veterinary

medicine. Numerous species of spiral-

shaped bacteria colonizing the gastrointes-

tinal tract are actually included in the ge-

nus Helicobacter They have been de-

scribed in several animal species including

dogs, cats, pigs, cheetahs (Acinonyx juba-

tus), ferrets (Mustela putorius fumo), mink

(Mustela vison), baboons (Papio anubis)

and pig-tailed macaques (Macaca nemes-

trina) (Skirrow, 1994). A relationship be-

tween the presence of gastric Helicobactem

spp. and the development of gastritis has

been demonstrated in several cases of nat-

urally or experimentally infected animals

(Skirrow, 1994).

Some Helicobacter spp. have been de-

scribed in rodents. Helicobacter murida-

rum and Helicobacter trogontum are nat-

ural inhabitants of the intestine of labora-

tory rats (Phillips and Lee, 1983; Lee et

al., 1992; Mendes et al., 1996). Helicobac-

ter bilis and Helicobacter hepaticus were

isolated from livers and intestines of lab-

oratory mice with chronic active hepatitis

(Fox et al., 1994, 1995). Until now, few

studies have focused on the presence of

gastric spiral bacteria in the rat. Salomon

( 1896) reported the presence of such mi-

croorganisms in the rat stomach 100 yr

ago, and one case of gastric spirilbosis was

reported by Kasai and Kobayashi (1919).

Germ-free rats have been experimentally

infected by Helicobactem felis, originally

isolated from the cat stomach, and have

developed gastric lymphocytic infiltration

(Fox et al., 1991). The present study was

designed to assess the presence of gastric

spiral bacteria in wild rats from an urban

area and to evaluate the histological lesions

associated with these microorganisms.

Forty-three wild rats (Rattus norvegi-

cus) from nine different urban areas of

Milan (Italy) (45#{176}28’N, 09#{176}10’E) were

captured in Havahart live traps (Wood-

stream, Lititz, Pennsylvania, USA). All

nine areas showed common environmen-

tal conditions. Twenty-three males and 20

females, including 32 adults, nine sub-

adults, and two juvenile rats were collect-

ed. Rats were categorized by weight as ju-

venile when <100 g, sub-adult when

<100-200 g or adult when >200 g (Web-

ster and Macdonald, 1995). The rats were

sent to the laboratory (Instituto Zoopro-

filattico Sperimentale della Lombardia e

dell’Emilia, Milano, Italy), euthanized by

inhalation of ether, and necropsied. The

stomach was immediately sampled, then

fixed in 10% neutral buffered formalin

followed by routine embedding in paraf-

fin. Five-iim thick histological sections
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FIGURE 1 . Nitnierons black stained elongated

spiral I)acteria are visualized �vithin the lunien of gas-

tric’ glands frou� d wild rat front Italy. Note the pres-

enc.e of a focal infiltration of lvniphocvtes in the lam-

ma propria. \Varthin-Starrv stain. Bar 70 p.m.

were stained with hematoxylin and eosin

and with the Warthin-Starry method (Lil-

lie, 1954). Formalin-fixed samples of gas-

tric mucosa from rats with gastric spiral

bacteria were processed for methacrylate-

resin embedding (Technovit 7100, Kulzer

Histo-Technik, Heraeus Kulzer GmbH,

Wehrheim, Germany), cut at 1 p�m on a

Leitz 1516 microtome (Leitz, Wetzlar,

Germany) and stained with toluidine blue

(Lynn, 1965). Formalin fixed samples of

stomach body from two rats with gastric

spirilla were post-fixed in 1% buffered os-

mium tetroxyde (Milloning and Marinoz-

zi, 1968) and embedded in Epon-Araldite

mixture (Luft, 1965). Ultrathin sections

cut at 700 A on a Sorvall MT-2b ultra-

microtome (Dupont Instruments, New-

ton, Connecticut, USA) were stained with

lead citrate (Reynolds, 1963) and uranyl

acetate (Huxley and Zubay, 1961) and ex-

amined with a Zeiss EM 9 trasmission

electron microscope (Zeiss, Oberchoken,

Germany) at 80 kV.

Spiral bacteria were detected in the

stomach of 10 of 43 (23%) rats consisting

of seven adult males, two adult females,

FIGURE 2. A tightly coiled spiral bacterium is

present in a gastric glandular lumen of a wild rat from

Italy. Methacrvlate-resin embedding. tohuidine blue.

Bar 25 p.m.

and one sub-adult female captured in five

different areas. Organisms were easily

identifiable in Warthin-Starry stained sec-

tions as black spiral bacteria measuring �8

p�m long (Fig. 1). The morphological char-

acteristics were better appreciated in to-

luidine blue stained metacrilate sections,

where the bacterial body appeared tightly

coiled with several spirals (Fig. 2). Spiral

bacteria showed similar dimensions and

morphology in all the positive cases. The

organisms were widely distributed in the

glandular portion of the stomach while

they were completely absent in the oeso-

phageal mucosa. Organisms were localized

on the surface of the gastric mucosa, in the

lumen of foveolae and gastric glands, and

in the cytoplasm of parietal cells (Fig. 3).

In some instances, parietal cells containing

spiral bacteria had pyknotic nuclei and

vacuolated cytoplasm. In most cases, one

microorganism was detected in a single pa-

rietal cell, although cells containing � 10

microorganisms also were observed.

Mild gastritis characterized by focal

lymphoplasmacytic infiltration in the lam-

ma propria of gastric mucosa was seen in

six of 10 rats with spiral bacteria (Fig. 4)

and in one of 33 rats without spiral bac-

teria. Spiral bacteria were not constantly

associated with the lymphoplasmacytic

foci. In rats with spiral bacteria, other le-

sions associated to lymphoplasmacytic in-
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FIGURE 3. Large numbers of spiral shaped bac-

teria (top) are present deep in the gastric pits of a

wild rat. Similar organisms are detected in the cyto-

plasm of a parietal cell (arrow). Methacrvlate-resin

embedding, toluidine blue. Bar 35 p.m.

filtration were lymphoid follicles in the

lamina propria in one case, subacute gas-

tric ulcers in one case and hyperplasia of

mucus neck cells in another case (Fig. 4).

Acute gastric ulcers were present in two

rats with no spiral bacteria.

On electron microscopic examination,

the spiral bacteria had tightly coiled bodies

with s8 coils, a multilaminar enveloping

membrane, and numerous polar flagella

(Fig. 5). Periplasmatic fibers were not ob-

served.

This study demonstrated that wild rats

from urban areas frequently harbour spiral

bacteria in the stomach. The morphologi-

cal features of these tightly coiled micro-

organisms were similar to those of Heli-

cobacter heilmannii. The provisional name

of H. heilmannii has been given to a large,

spiral bacteria formerly named Gastrospi-

FIGURE 4. Area of lvmphoplasmacvtic infiltration

in the lainina propria of the gastric mucosa of a wild

rat infected with Helicobacter sp. At the top, h�per-

plasia of mucus neck cells is present. Methacrvlate-

resin embedding, tohuidine blue. Bar = 100 p.m.

FIGURE 5. Transmission electron micrograph of a

tightly coiled bacterium in the stomach of a wild rat.

Note the lack of periplasmic fibers. Bar = I p.m. Inset

showing the presence of polar flagella on the bacte-

rium. Bar = 0.5 p.m.
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rillum sp. or Gastrospirillum-like organ-

isms (Dent et al. , 1987; Heilmann and Bo-

chard, 1991; Solnick et al. 1993). Unlike

other Helicobacter spp., most of bacteria

morphologically similar to H. heilmannii

have not been cultured in artificial media

and their identification is based on their

unique morphologic features. Therefore,

their definitive characterization is still lack-

ing. Recently H. heilmannii-like organisms

have been isolated from the human stom-

ach (Andersen et al., 1995) and from the

stomach of dogs. The name Helicobacter

bizzozeroni has been proposed for this lat-

ter organism (H#{228}nninen et al. , 1996).

Bacteria morphologically similar to H.

heilmannii have been observed in the

stomach of several species; prevalence

rates were 100% in dogs (Weber, 1958;

Henry et al., 1987; Hermanns et al., 1995),

76 (Hermanns et al., 1995) to 97% (Otto

et al. , 1994) in cats, and 62% in swine

(Barbosa et al., 1995). Helicobacter heil-

mannii infections also have been reported

in humans, although prevalence in patients

undergoing endoscopy is <1% (Heilmann

and Borchard, 1991). It has been suggest-

ed that humans acquire H. heilrnannii

from animals (Solnick et al., 1993; Otto et

al., 1994).

In humans, H. pylon is associated with

chronic active gastritis, gastroduodenal ul-

cer, and more recently, with gastric ade-

nocarcinoma and gastric mucosa-associat-

ed lymphoma (Skirrow, 1994). Chronic

gastritis characterized by lymphoplasma-

cytic mucosal infiltration occasionally as-

sociated with lymphoid nodules has been

observed in cats (Geyer et al., 1993; Otto

et al., 1994), dogs (Henry et al., 1987), pigs

(Mendes et al., 1990; Queiroz et al., 1990),

and humans (Dent et al., 1987) infected

by H. heilmannii or by a combination of

Helicobacter spp., including H. heilinannii.

Chronic gastritis developed in mice exper-

imentally infected with two different Hel-

icobacter spp., most likely H. felis and H.

heilmannii (Eaton et al., 1995). In the

present study, similar lesions were ob-

served in the majority of the H. heilmannii

infected rats while they were rarely ob-

served in noninfected animals. This sug-

gests a pathogenetic role of H. heilmannii

in inducing a gastric inflammation. The hy-

perplastic lesions of mucus neck cells ob-

served in one rat with gastric spiral bac-

teria were similar to those described in

Gastrospirillum-like infected mice (Eaton

et al., 1995). Gastric ulceration has been

associated to Helicobacter spp. in humans,

pigs (Barbosa et al., 1995) and in experi-

mentally infected mice (Eaton et al.,

1995); similar lesions were observed in one

infected rat from our study. Acute ulcers

were observed in two non-infected animals

which probably were trapped several

hours before being euthanized. An empty

stomach and stress may account for devel-

opment of such lesions (Senay and Levine,

1967).

The authors wish to thank F. Origgi and

0. Sonzogni for their help in capturing

and post mortem examination of some of

the rats.
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