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Summary. The ultrastructural features of a helical-shaped bacterium occurring in the 
stomach of pigs, within the mucus on the mucosal surface of antral pits, were 
examined. The bacterial cell had three to eight spiral turns, flattened and truncated 
ends and was approximately 4.0 pm long and 0.6 pm wide. In some sections, up to six 
flagella, about 22 nm in diameter, were seen arising from each pole. The cytoplasm 
contained sparse, irregular granules, numerous ribosomes and large single-layered 
membrane-bound granules. In the flagella insertion area, there was a highly electron- 
dense component, the “polar membrane”. This micro-organism differed from similar 
bacteria described in cats, dogs and monkeys, and may cause inflammation in the 
antral mucosa of pigs similar to Helicobacter pylori infection in man. Furthermore, it 
was morphologically similar to the spiral micro-organism distinct from H .  pylori 
which has been described recently in human antral mucosa from patients with 
gastritis and may be of potential significance as a pathogen in man. The name 
“Gastrospirillum suis” is proposed for this bacterium. 

Introduction 

Spiral micro-organisms have been seen in the 
gastric mucosa of various mammals. ’-’ In several 
species, such as cats, dogs and monkeys, they do 
not seem to produce pathological changes and 
are probably normal inhabitants of the fundic 
glands.*. 5 7  However, there is now strong evidence 
that a spiral micro-organism, Helicobacter pylori, is 
the most common and important cause of gastritis 
in man.7 

In this paper we report details of the ultrastruc- 
ture of a spiral-shaped bacterium occurring in the 
gastric mucosa of pigs. This micro-organism dif- 
fered from the gastric spiral bacteria of other host 
species and may cause inflammation in the antral 
mucosa of pigs.8 Better comprehension of this type 
of host-parasite relationship could add to our 
understanding of the pathogenesis of human antral 
gastritis caused by H .  pylori. Furthermore, as tightly 
spiralled micro-organisms morphologically similar 
to the pig bacterium have been observed on human 
antral mucosa affected by gastr i t i~ ,~.  8 9  lo* l 1  the 
potential role of this organism as a human pathogen 
requires consideration. 
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The aim of the present investigation was to study 
the antral mucosa of pig stomach by electron- 
microscopy to determine the morphological char- 
acteristics of the spiral micro-organisms and their 
relationship to the gastric epithelial cells. Addition- 
ally, the morphological features of the spiral 
bacteria were compared with those of other gastric 
spiral organisms. 

Materials and methods 

Specimens 

Stomachs of slaughtered pigs, opened longitudinally 
along the greater curvature, were thoroughly washed with 
tap water and four samples were collected from the antral 
region of each. One sample was placed in a tube 
containing Christensen’s urea broth’* and left at room 
temperature for up to 1 h. The second sample was 
smeared on a glass slide, stained by carbol fuchsin 40% 
and examined by light microscopy. The remaining two 
samples were placed in 1 ml of PBS (pH 7.2) in an ice 
bath. When the urease test was positive and tightly 
spiralled rods were seen in the smears, the samples placed 
in PBS were processed for electronmicroscopy and 
scrapings from the antral mucosa were collected for 
negative staining. 
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Preparations for electronmicroscopy 

Fixing, embedding and sectioning. Specimens were fixed 
in glutaraldehyde 2.5%v/v buffered with 0.1 M sodium 
cacodylate, pH 7.2, for 2h at room temperature and then 
placed in three changes of 0- 1 M sodium cacodylate for 10 
rnin each. The fragments were post-fixed in osmium 
tetroxide 1% w/v buffered with 0-1 M sodium cacodylate, 
pH 7.2, for 40 rnin at room temperature. After post- 
fixation the material was washed three times with 0.1 M 
sodium cacodylate containing 0.1 M saccharose for 10 
min each and treated for 10 rnin with uranyl acetate 
5% w/v. The fixed samples were dehydrated in a graded 
alcohol series (ethanol 30,50,70 and 90% for 10 rnin each 
and 100% for 1 h) and in acetone for 5 min. The specimens 
were embedded in Polylite 8001 (Resana S/A-Brasil) 
according to the method of Coiro et a1.13. The material 
was cut on a 2088 LKB ultramicrotome with diamond 
knives and the sections (60-90nm) were collected on 400- 
mesh copper grids. The sections were stained with uranyl 
acetate 5% w/v for 10 min and lead citrate for 5 min. 

Negative staining. A sterilised solution containing 
mannose 1 %, saccharose 1 % and casaminoacids 0.1 % 
w/v was added to scrapings from antral mucosa of a 
stomach selected as described above. The mixture was 
incubated for 30 min at 37" C with gentle agitation and 
centrifuged for 2 rnin at 190g. The supernate was 
transferred to a microcentrifuge tube and centrifuged at 
11 000 g for 5 min. One drop of the resultant pellet was 
applied to formvar-coated 300-mesh copper grids for 1 
min. Excess fluid was removed and replaced with a drop 
of phosphotungstic acid 1% w/v, adjusted to pH 7.2 with 
NaOH, which was immediately removed. 

Scanning electronmicroscopy. Fragments of antral gas- 
tric mucosa were smeared on coverslips, fixed in 
glutaraldehyde 2.5% v/v buffered with 0-1 M sodium 

cacodylate, pH 7.2, for 2 h and post-fixed in osmium 
tetroxide 1% w/v in 0.1 M sodium cacodylate buffer, pH 
7.2 for 40 min. They were washed three times with 0.1 M 
sodium cacodylate containing 0.1 M saccharose for 10 
min each, dehydrated in an alcohol series (ethanol 30,50, 
70, 80 90 and 100% for 10 rnin each) and critical-point 
dried. They were then mounted on to stubs and coated 
with gold in a Balzers FL 9496 apparatus. 

Electronmicroscopy 

Specimens were examined for transmission electron- 
microscopy with a Philips EM-301 and for scanning 
electronmicroscopy with a JEOL-255 I electronmicro- 
scope. 

Results 

Transmission electronmicroscopy of prepara- 
tions of pig stomach showed large groups of 
distinctive spiral micro-organisms within the mucus 
on the mucosal surface of antral pits (fig. 1). The 
bacteria did not penetrate deeply into the glands 
and were not found inside the host cells. In some 
sections the bacteria were seen in intercellular 
spaces. The cell walls of some bacteria were in 
intimate contact with cell membrane (fig. 2). 

The bacteria were helical shaped and had 3-8 
(mean 5 )  complete spiral turns per cell; they were 
1-5-52 (mean 4.0) pm long and 0.4-0.7 (mean 
0.6) pm wide and had truncated and flattened ends 
(figs. 1 and 2). At higher magnification, the 
cytoplasm was seen to be enclosed by an inner 

Fig. 1. Transmission electronmicrograph showing numerous sections of spiral-shaped bacteria in mucus of the antral region of a 
pig stomach. Bar, 0.5 pm. 
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trilaminar unit membrane and an outer three- 
layered cell wall characteristic of gram-negative 
bacteria. The cell wall was smooth, approximately 
9 n m  thick and appeared as two electron-dense 
layers separated by a less dense zone (fig. 3). The 
cytoplasm contained sparse irregular non-mem- 
brane-bound granules, numerous ribosomes and 
large spherical or oval membrane-bound structures 
(fig. 4A and B). These structures appeared to be 
surrounded by a single-layered membrane and some 
of them had an extremely electron-dense core, 
frequently eccentric, and an electron-lucent halo. 

Adjacent to the polar ends, at the region of 
insertion of the flagella, the cytoplasm had a less 
dense area, relatively free of ribosomes, that 
contained several irregular non-membrane-bound 
granules (figs. 1, 3 and 4A). On either side of this 
region, beneath the plasma membrane, there was a 
highly electron-dense “polar membrane” (figs. 3 
and 4A). In some sections, this submembranous 
complex seemed to be continuous over the whole 
pole of the cell where it was closely adherent to the 
inner layer of plasma membrane (fig. 3). 

Flagellar filaments of uniform width were seen 
arising from one polar end and consisted of a 
moderately dense homogeneous central core (8 nm) 
enveloped by an outer layer (7 nm) (fig. 4A and C ) .  
In negatively stained preparations, the micro- 
organisms were seen to have up to six flagella 
without terminal bulbs, arising from both poles. 

Scanning electronmicroscopy showed that the 
micro-organism was helical shaped with tightly 
coiled spiral turns and with the extremities in 
opposite planes (fig. 5). 

Discussion 

Spiral micro-organisms have been observed in 
the gastric mucosa of several animal species but 
have received little further study. Interest in gastric 
spiral micro-organisms has gained impetus since 
the isolation of H .  pylori from the stomachs of 
patients with gastritis and peptic ulcer.3 This 
bacterium is now accepted as being the main 
aetiological agent of human antral gastritis and 
probably is an essential factor in peptic ulcer 
d i ~ e a s e . ~  According to Lee and  colleague^,^^ l4 H .  
pylori belongs to a special group of micro-organisms 

Fig. 2. Transmission electronmicrograph of a thin section of a 
pig spiral bacterium. The plasma membrane of an epithelial cell 

that colonise gut mucus. It is adapted to the human 
gastric mUcOSa and initially only primates’ and 

is shown by arrows 0). Bar, 0.1 pm. neonatal gnotobiotic pigs’6* ’ were colonised SUC- 

cessfully by this bacterium. More recently, it was 
observed that H .  pylori can also infect conventional 
pigs.’’ Furthermore, Vaira et a1.19 have demon- 
strated that abattoir workers have high titres of 
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Fig. 3. Transmission electronmicrograph of an extremity of a spiral bacterium showing : non-membrane-bound granules (b) ; polar 
membrane continuous over the whole pole of the cell 0); flagella 0); plasma membrane (4); and cell wall (4). Bar, 0.1 pm. 

antibodies to H .  pylori and they have suggested that 
this micro-organism may be transmitted to man 
from animals. For these reasons we searched for H .  
pylori in the stomachs of pigs which could be a 
natural reservoir of this micro-organism. We did 
not isolate H .  pylori but we did observe a spiral 
organism, not previously described, morphologi- 

cally similar to other gastric bacteria. Nevertheless, 
whereas the cat, monkey and dog gastric bacteria 
penetrate deep into the lumen of the gastric glands 
of the fundic mucosa and 'do not elicit structural 
changes in the host cells or any inflammatory 
response in the lamina propria,2y 5 y  the pig micro- 
organism, like H .  pylori in man, colonised antral 
mucosa causing antral gastritis.* 

The pattern of histological lesions caused by the 
pig bacterium resembled that observed in the 
stomachs of gnotobiotic pigs infected experimen- 
tally with H .  pylori.l6? 2o Moreover, the pig gastric 
micro-organism shared other properties with H .  
pylori, including spiral morphology, high urease 
activity, and shallow penetration into the glands. 

Fig. 4. Transmission electronmicrographs of spiral-shaped 
bacteria. (A) Extremity showing : membrane-bound granule 
without core (*); non-membrane-bound granule 0); polar 
membrane (4); and longitudinal section of flagella 0). Bar, 
0.1 pm. (B) Membrane-bound granule with eccentric core. Bar, 
50 pm. (C) Transverse sections of flagella. Bar, 0.1 pm. 

Fig. 5. Scanning electronmicrograph of a spiral-shaped bacter- 
ium. Bar, 0-5 pm. 
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Studies that provide better comprehension of the 
relationship between pig spiral micro-organisms 
and gastric mucosa may add to our understanding 
of the interaction of H .  pylori with the human 
gastric mucosa. Several aspects of gastric infection, 
such as the effects of chemotherapy, factors influ- 
encing gastric colonisation, and morphological and 
functional effects on gastric cells, could be eluci- 
dated by the use of this model. 

Furthermore, a tightly spiral bacterium distinct 
from H .  mmpylori has been observed on the gastric 
mucosa of patients with chronic active gastri- 
tis.’, ’* l o*  l 1  This bacterium was morphologically 
similar to the pig spiral organism and, like this, did 
not grow on laboratory media. It is possible that 
man could have acquired this tightly coiled spiral 
bacterium from animals, and pigs emerge as a 
probable source. l o  Ultramicroscopic study of the 
pig gastric micro-organism would permit its com- 
parison with that from man and could also provide 
information relevant to the taxonomy of these 
unclassified spiral organisms associated with gut 
mucus. 

This group of bacteria presents several morphol- 
ogical properties in common and some dissimilari- 
ties. They also resemble Spirillum spp in some 
aspects such as size, rigid helical configuration and 
possession of bipolar tufts of flagella. However, 
the pig gastric spiral organism did not present the 
characteristic waviness observed in the outer 
portion of the cell wall of Spirillum ~ p p . ~ l *  2 2  

Furthermore, it did not have periplasmic fibrils, a 
striking feature reported in cat and dog gastric 
b a ~ t e r i a , ~ ~  23 nor did it have the “cigar shaped” 
profile due to an outer-membrane-like wall compo- 
nent not closely adherent to the spiral body shown 
by the baboon gastric micro-~rganism.~ 

A polar membrane similar to that found in helical 
and flagellate micro-organisms such as Spirillum,20 
C a m p y l ~ b a c t e r , ~ ~ ~  2 5  Ectothiorhodospira26 and Rho- 
dospirillum ~ p p . ~ ~  was also observed in the pig 
bacterium. The function of this submembranous 
complex associated with the cytoplasmic mem- 
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