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Relation of Helicobacter pylori to the human gastric
mucosa in chronic gastritis of the antrum
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Abstract

The spatial relations between bacteria and the
affected tissues can indicate pathogenic
mechanisms. This study was undertaken to
define the spatial relation of Helicobacter
pylori to the human gastric mucosa. Anti-
bodies against gastric mucus and ruthenium
red were used to stabilise the glycoprotein
structure of the mucus and glycocalyces in
antral biopsy specimens from eight patients
infected with H pylori. The location of
organisms and ultrastructural features were
assessed using systematic scanning and trans-
mission electron microscopy: 92 (2)% (mean
(SE)) of H pylori were in the pit mucus, and
7 (3)% were in the surface mucus; 60 (12)% of
H pylori were close to epithelial cells, with
only 5 (2)% located near the epithelial inter-
cellular junctions. Fine filamentous strands
extended between organisms and nearby
epithelial cells, with few organisms in mem-
brane to membrane contact. H pylori were not
observed between, beneath, or within cells of
the gastric mucosa. The preferred location of
H pylori in the gastric antrum is within the pit
mucus close to the epithelial cell surface, with
no evidence that they have a direct toxic effect
on the mucosa.

Organisms have been observed in the gastric
mucosa of humans since 1893' but they excited
little interest until 1983 when they were isolated
by Warren and Marshall’ and subsequently
named Helicobacter pylori.* Although studies**
have shown a striking correlation between the
presence of H pylori and chronic gastritis, their
role in its aetiology remains obscure. Neither a
direct toxic effect nor a specific immunological
reaction have yet been proved.

The spatial relations between bacteria and the
affected tissues can indicate whether the patho-
genic mechanisms are likely to be direct or
indirect.” For example, an intimate association
with host cells affords advantage for toxin-
producing organisms.* The relation of H pylor: to

the human gastric mucosa, however, has not

been carefully studied.

A major difficulty in determining the in vivo
location of bacteria in the gut is the collapse
during preparation for histological examination
of the highly hydrated mucus and the artifactual
displacement of the organisms.’" Stabilisation
of mucus with anti-mucus antibodies preserves
the mucus layer in situ,” however, and thus
prevents misinterpretation of the relation of
bacteria to the mucosa.” Similarly, the glyco-
calyces at bacterial and epithelial cell surfaces,
which also collapse during preparation for histo-
logical examination, may be preserved and

shown by the use of ruthenium red" in the
preparation of samples.

The research described in this paper used
systematic microscopy to determine the relation
of H pylori 1o the gastric epithelium in infected
human gastric biopsy specimens, in which the
glycoprotein structure of the mucus and of the
glycocalyces had been stabilised.

Methods

SUBJECTS AND SAMPLES

Biopsy specimens from the gastric antrum of
eight subjects infected with H pylori were
studied. The subjects were selected from
patients with dyspeptic symptoms attending the
endoscopy clinic at Auckland Hospital. Only
patients not receiving treatment for dyspeptic
symptoms, who gave informed consent, and
from whom the additional specimens could be
obtained with reasonable comfort, were included
in this study.

Three antral biopsy specimens (one for urease
detection, one for histopathological assessment,
and one for electron microscopy) were obtained
from each subject from the region within 5 cm of
the pyloric valve.

UREASE DETECTION

Urease activity in the biopsy specimens was
determined using the urea broth test,” and a
colour change from orange to pink within 24
hours indicated a positive result.

HISTOPATHOLOGICAL ASSESSMENT
Biopsy specimens were immediately fixed in 4%
neutral buffered formaldehyde. They were then
routinely embedded in paraffin, and sectioned
and stained with haematoxylin and eosin’ in the
histopathology laboratory at Auckland Hospital.
A histological diagnosis for each case was made
by an experienced histopathologist and the
chronic gastritis was graded according to the
criteria of Whitehead ez al," which are based on
the numbers of inflammatory cells observed
relative to the numbers of inflammatory cells
present in histologically normal sections. The
grades were: Normal=normal numbers of mono-
nuclear cells and polymorphonuclear leucocytes.
Mild=increased mononuclear cells and very
occasional  polymorphonuclear leucocytes.
Moderate=increased mononuclear cells and poly-
morphonuclear leucocytes. Severe=markedly
increased mononuclear cells and polymorpho-
nuclear leucocytes, with intraepithelial poly-
morphonuclear leucocytes.

Additional sections were stained with the
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Figure 1: Diagram of a
section through the gastric
antral mucosa, showing the
three regions (S,P,G) of
mucus examined for the
presence of H pylori.

S =surface region of mucus,
P=pit region of mucus,
G=gland region of mucus,
LS =gastric luminal surface,
SE =surface epithelial cells,
PE =pit epithelial cells,
GE =glandular epithelium,
LP=lamina propria.

Giemsa stain" and independently examined for
the presence of Helicobacter-like organisms.

ELECTRON MICROSCOPY
The mucus layer was stabilised using a method
similar to that described by Bollard ez al’° for
colon mucus. Antibodies were raised against
gastric mucus obtained from a histologically
normal human stomach at necropsy.” The
presence of antibodies to human gastric mucus in
the rabbit serum was confirmed using an enzyme
linked immunosorbent assay (ELISA) tech-
nique. An aliquot of a homogenate of gastric
mucus in phosphate buffered saline (PBS) (1:9)
was incubated in the wells of an ELISA plate
(Nunc Intermed, Denmark) for 12-18 hours at
4°C, followed by incubation with PBS containing
2% bovine serum albumin (Serva, Germany) and
2% gelatine for two hours at 20°C. Next, the
diluted rabbit serum was added and incubated
for three hours at 20°C, followed by the addition
of horseradish peroxidase labelled goat-
antirabbit IgG (South Pacific Immunological
Laboratories Ltd, New Zealand), and incubated
for two hours at 20°C. The plate was washed
three times with PBS containing 0-05% tween 20
(Serva, Germany) between each incubation step.
After the addition of O-phenyldiamine dihydro-
chloride (Sigma, USA), the absorbances of each
well were read on an ELISA plate reader (EAR,
SLT Labinst, Austria) at 486 nm. The results
from the serum of the immunised rabbit were
expressed as a ratio to those from serum from
a control rabbit. Complement activity was
removed from the gastric mucus antiserum
immediately before use by incubation at 56°C for
30 minutes.

Each biopsy specimen was carefully placed on
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to dental wax, and the entire mucosal surface
covered with undiluted rabbit antiserum for one
hour at 4°C.

The biopsy specimens were then prepared for
electron microscopy using a method based on
that described by Mackie et al." They were fixed
by immersion in a 0-5% glutaraldehyde solution
containing 0-15% ruthenium red in 0-1 M caco-
dylate buffer (pH 7-4) for 30 min at 20°C, then in
5% glutaraldehyde with 0-05% ruthenium red in
the same buffer for 18-24 hours at 4°C. The
biopsy specimens were washed in 0-05%
ruthenium red in 0-1 M cacodylate buffer at pH
7-4 (three rinses at 10 minute intervals), then
postfixed for two hours in 0-66% osmium
tetroxide in the same buffer containing 0-1%
ruthenium red. After washing a further three
times (10 minute intervals) in 0-05% ruthenium
red in 01 M cacodylate buffer (pH 7-4), they
were dehydrated in increasing concentrations
(10 minutes each step) of ethanol (50, 70, 90,
100%, 2X anhydrous) and two changes of propy-
lene oxide (10 minutes each step). Next, they
were placed in a propylene oxide:epoxy resin
(EMBED-812, Electron Microscopy Sciences,
Fort Washington, USA) (50:50) mixture for two
hours, then transferred to a propylene oxide:
epoxy resin (25:75) mixture for a further two
hours, before being placed in 100% epoxy resin
overnight under vacuum. Finally, they were
embedded in flat molds and the resin cured
overnight at 60°C under vacuum.

SCANNING ELECTRON MICROSCOPY
Samples were prepared for scanning electron
microscopy using the method described by
Thorne et al.* Sections 2 pm thick were cut
from the resin blocks and examined, using a light
microscope, for correct orientation before being
mounted on pieces of carbon coated glass and
stained with saturated uranium acetate' (15 min)
and lead citrate”® (15 min). After mounting on
scanning electron microscopy stubs, the sections
were examined using a back-scattered electron
detector” and an accelerating voltage of 30 kV in
an ISI DS-130 scanning electron microscope.'
The polarity of the image was reversed to give
photomicrographs that resembled those
obtained by transmission electron microscopy.
The numbers of H pylori were counted within
the mucus, which was divided into surface
mucus, pit mucus, and gland mucus (Fig 1).
Within each region, the numbers of H pylori
organisms located close to the epithelial cell
surface were noted. An organism was considered
close to the epithelial cell surface when all or part
of the organism was observed within the zone
occupied by the microvilli on the surface of the
epithelial cells. The numbers of H pylori located
within 1 pm of the interepithelial cell junctions
were also noted.

» TRANSMISSION ELECTRON MICROSCOPY

Thin sections (90 nm), from selected areas of
interest identified in the sections examined by
back-scattered electron imaging, were cut on a
Reichert ultramicrotome using glass or diamond
knives. These were collected on copper grids,



Figure 2: Gastric pits from
the antrum of subjects with
moderate chronic gastritis
containing many H pylori.
(A) Showing epithelial cells
of normal appearance filled
with mucus granules (m).
Some organisms are grouped
together as in a colony.
(Scanning electron
microscope. Original
magnification X4200). (B)
Showing epithelial cells with
ragged surfaces (arrow)
depleted of mucus granules
(m). (SEM. Original
magnification X 3800).

stained with uranium acetate"” and lead citrate,"
and examined at magnifications up to 140000
times with a Philips EM 410 LS transmission
electron microscope operated at an accelerating
voltage of 60 kV.

Results

All eight subjects had positive urea broth tests,
and Helicobacter-like organisms were observed in
Giemsa stained sections. Histopathological
assessment showed that three subjects had mild,
four had moderate, and one had severe chronic
gastritis. Gastritis was noted as non-active — that
is no polymorphonuclear leucocytes observed —
for one subject with mild chronic gastritis, and
intestinal metaplasia was noted in ong subject
with moderate chronic gastritis.

SCANNING ELECTRON MICROSCOPY

The gastric mucus in all sections formed a
complete layer over the epithelium and H pylori
were observed as moderately densely stained
bodies within it (Fig 2). Organisms sectioned
longitudinally were readily distinguished by
their characteristically curved shape, but those
in cross section were sometimes more difficult to
identify positively. Organisms were observed in
seven of the eight biopsy samples examined. The
remaining one showed incomplete intestinal
metaplasia. The organisms were unevenly
distributed within each section (Fig 2A) and

Numbers and distribution of H pylori in biopsy specimens from seven patients

Location (% of total)
Near

Grade of Total no Surface Pit Gland Close to intercellular
gastritis observed mucus mucus mucus epithelium  junctions
Mild 19 0 100 0 0 0

Mild 103 10 90 0 64 4

Mild 550 14 86 0 90 4
Moderate 111 10 90 0 58 11
Moderate 280 S 95 0 64 3
Moderate 1347 12 85 3 51 6
Severe 67 0 100 0 93 9
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occasionally they were grouped as in a colony
(Fig 2A).

The number of H pylori in each section varied
from 19-1347 (Table). Of the total number of
H pylori counted, 92 (2)% (mean (SE)) were
present in the mucus within the gastric pits and
7 (3)% were in the surface mucus. Only in
one subject, that with the greatest number of
organisms, were organisms seen in the gland
mucus, and these made up 3% of the total
(Table).

The proportion of H pylori close to the
epithelial cell surface was 60 (12)% (Table). In
six subjects, the proportion ranged from 51-
93%. In the remaining subject, in which the
smallest number of organisms were observed,
none were located close to the epithelial cell
surface. In the subject in which organisms were
seen in the gland mucus, 50% of these were close
to the epithelial cell surface. Only 5 (1)% of
H pylori were located near the epithelial inter-
cellular junctions.

There was no apparent relation between the
number and location of H pylori organisms
within any region of mucus and the appearance
of the nearby epithelial cells. Large numbers of
organisms were sometimes present in regions
with epithelial cells of normal appearance,
packed with mucus granules and with bulging
cell surfaces (Fig 2A), as well as in regions in
which the epithelial cells had ragged surfaces

g f‘ V“ m”f; » mg . .t _(‘:,
Figure 3: Gastric pits from the antral regions of subjects with
moderate chronic gastritis. (A) Despite the presence of

H pylori (small arrows) only occasional inflammatory cells are
present in the lamina propnia (large arrow). (SEM. Original
magnification X 2300). (B) Although there are increased
numbers of inflammatory cells (arrow) in the lamina propria,
no H pylori organisms are present in the adjacent mucus.
(SEM. Original magnification X 3100).
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region of gastric antral
mucosa from subjects with
moderate chronic gastritis.
(A) An organism lying in the
finely granular mucus (M)
but separated from it by a less
granular zone containing
glycocalyced bodies (small
arrows). The glycocalyx is a
flocculent layer coating the
limiting membrane (large
arrow) of the organism.
(Transmission electron
microscope. Original
magnification X40400). (B)
An organism close to and
linked with an epithelial cell
(E) by radiating strands
(small arrow) which link the
glycocalyx (large arrows) of
each of them. (TEM.

. Original magnification X
57 800).

Figure 4: H pylori in the pit

(Fig 2B) or were depleted of mucus granules (Fig
2B).

There was no apparent relation between the
number and location of H pylori organisms
within a region of mucus and the inflammatory
cell infiltrate within the lamina propria beneath.
Normal inflammatory cell numbers were some-
times observed in the lamina propria when large
numbers of organisms were present in the
adjacent mucus (Fig 3A), and conversely, dense
inflammatory cell infiltration of the lamina
propria was sometimes observed when no
organisms were present in the adjacent mucus
(Fig 3B).

There was no apparent relation between the
number of H pylori present and the histological
grade of gastritis observed (Table).

TRANSMISSION ELECTRON MICROSCOPY

H pylori organisms appeared as densely stained
curved, oval, or circular bodies within the finely
granular mucus (Fig 4A). The mucus surround-
ing some micro-organisms (Fig 4A) and that in
the vicinity of the epithelial microvilli (Fig 5)
appeared less granular than the remainder and
in one subject it contained round, membrane
bound, glycocalyceal bodies (Fig4A). Organisms
located close to epithelial cell surfaces often lay
entirely within this electron-lucent zone (Fig 5).

Bacterial glycocalyx material was observed at
the surface of all organisms (Fig 4A). Fine
filamentous strands of glycocalyx-like material
extended between the cell membranes of the
organisms and between that of organisms and the
nearby epithelial cells (Figs 4B, 6B). Many
organisms lay close to epithelial cell membranes,
but relatively few organisms were in membrane
to membrane contact with epithelial cell surfaces
(Figs 6A and B).

In some cases, however, where organisms lay
close to or contiguous with epithelial cell sur-
faces, focal displacement and depletion of micro-
villi had occurred (Figs 5 and 6A). In only one
instance was there any alteration within the
epithelial cell immediately beneath the contact
point with an organism (Fig 6B).

H pylori organisms were never observed
between, beneath, or within any cells of the
gastric mucosa.
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Discussion

This investigation has shown that the preferred
location of H pylori in the human gastric antrum
is close to the surface of the epithelial cells lining
the gastric pits, with no preference for the region
close to intercellular junctions. Apart from some
distortion and depletion of microvilli, there was
no other evidence that the organisms had caused
pathological changes in the mucosal epithelial
cells, even when they were in membrane to
membrane contact with each other.

This study seems to be the first systematic
investigation of the relation of H pylori to gastric
epithelial cells and of their distribution in the
gastric mucus. An essential feature of the investi-
gation was the antibody stabilisation of the
gastric mucus before tissue dehydration and
preparation for electron microscopy. Bollard
et al* have clearly shown distinct differences in
the location of micro-organisms in the colon,
depending on the method of tissue preparation.
When conventional methods were used the
mucus layer collapsed during dehydration and
organisms were observed within the crypts and
close to, or in contact with, the epithelium. But,

_ in all samples in which mucus was stabilised, the

organisms were separated from the epithelium
by a thick layer of mucus.

The present study also used scanning electron
microscopy and  back-scattered electron
imaging,'" which do not appear to have been
used previously to study gastric mucosa. The
scanning photomicrographs used in this study
were produced using reversed polarity so that
they resembled those produced by transmission
electron microscopy. The use of back-scattered
electrons to study resin sections through whole
biopsy specimens was based on the techniques
developed by Thorne ez al' to study the cochlea.
The method allows detailed study of large speci-
mens without the loss of orientation associated
with the small samples required for transmission
electron microscopy, but the resolution obtained
at higher magnifications (over 10000Xx) is not as
good because of the thickness (2 um) of the
specimen and the method of image formation.
The method enabled accurate counting of the
number of organisms present rather than the
semiquantitative estimation possible with light
microscopy.”? In only two sections, in which
there were large numbers of organisms clumped
together, was it difficult to count individual
micro-organisms.

That most organisms were located in the
gastric pits (mean (SE) 92 (2)%), and most (60
(12)%) close to the epithelial cell surface suggests
that their location was not random. It seems that
the pit mucus offers some environmental advant-
ages, perhaps protection to organisms from the
‘bactericidal gastric juice.’®

H pylori are motile in a viscous environment,?”
and thus the relatively few organisms observed in
the surface mucus may represent those relocat-
ing from one gastric pit to another. Alterna-
tively, they may have only recently penetrated
the mucus from the luminal contents, and have
been in the process of moving towards their
preferred niche.’

The tendency for H pylori to lie close to the
epithelial surface was not as marked, with 40%
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Figure 5: H pylori in the pit
region in the gastric antral
mucosa from a subject with
moderate chronic gastritis.
The organisms lie close to the
surfaces of epithelial cells in
the vicinity of an
intercellular junction (curved
arrow) in a zone which is less
granular than the mucus
above (M). The epithelial
cell membrane and mucus
granules are intact but the
microvilli (arrow) are
displaced and reduced in
number. (TEM. Original
magnification x40 200).

lying outside the zone of the microvilli. Although
this latter group may also have included
organisms relocating to their preferred site, their
relatively high proportion and the fact that the
few colonies of organisms which were observed
also lay outside the zone of the microvilli argue
against this. Nevertheless, the zone adjacent to
the epithelial cell surface appears to be the
preferred location of the majority of H pylori.

Only 5% of organisms lay within 1 um of
epithelial cell junctions, a proportion much
lower than the 80% reported by Hazell et al,”
who counted micro-organisms within 2 um of
the junctions. In the present material, gastric
epithelial cells were up to 5 um in width so that a
2 pm zone about each junction would encom-
pass 80% of the entire cell surface.

Others® have also shown many H pylori

Thomsen, Gavin, Tasman-Fones

organisms, however, often arranged in groups,
close to intercellular junctions, which may be
attributable to artefactual relocation during pre-
paration” as such groups were never observed in
the stabilised mucus in the present study.
Furthermore, those organisms with the closest
association to epithelial cells, membrane to
membrane contact, were never observed to
impinge on interepithelial cell junctions. The
claim? that H pylori accumulate at the inter-
cellular junctions to use nutrients available there
was not supported by the present study.

Given the wide range in the numbers of
organisms present, it was interesting that this
had no apparent effect on the grade of chronic
histological gastritis. This has also been indicated
by others.?* Similarly, there was no correlation
between the location of the organisms and either
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Figure 6: H pylori close to
epithelial cells (E) in the pit
region of gastric antral
mucosa from subjects with
moderate chronic gastritis.
(A) Organisms showing
extensive apposition (arrow)
of bacterial and cell
membranes in a region
devoid of microvilli. (TEM.
Original magnification X

19 100) (B) An organism
showing glycocalyceal
filaments (small arrow) and
an intraepithelial
vacuolation (large arrow)
beneath a region of
membrane to membrane
apposition. (TEM. Original
magnification X 58 300).

the morphology of adjacent epithelial cells or the
degree of the subjacent inflammatory cell
infiltrate. This suggests that the gastritis associ-
ated with H pylori is not due to a direct cytopathic
effect of the organisms on the mucosa.

A difficulty with studies of host/pathogen
relations is that the time of initial infection often
is not known. H pylori infection does not always
produce symptoms,® and thus the patient may
not present for endoscopic investigation for some
time. It is also possible that the nature of the
host/pathogen relation changes with time. The
present study may have included subjects at
different phases of the disease. For one sub-
ject, however, the time of infection has been
accurately defined,* and a biopsy specimen was
obtained two years after self inoculation and
included in the present study. This sample
showed severe chronic histological gastritis but
very few organisms present, suggesting that once
established the disease may require only minimal
numbers of organisms to persist.

All those biopsy specimens which showed
H pylori, also contained mixed inflammatory cell
infiltrates in the lamina propria, although, here
again, there was no clear quantitative relation
between those factors. While the presence of
plasma cells and lymphocytes in all cases is
consistent with an immunological response to
the organisms,*? it seems that such a response
is largely inappropriate or ineffective against
H pylori organisms in the gastric mucosa.

The strand like material observed connecting
the glycocalyces of H pylori with each other and
with epithelial cells may have developed because
of attractive forces between the glycocalyx
material at these two surfaces.® They are
believed to be involved in adherence between
bacteria and epithelial cell surfaces.®?*? While
the ruthenium red used in the preparation of
samples would have enhanced visualisation of
these connections, other forms of connection
such as pili may not have been resolved.*

Bode et al® suggested that, after initial
location close to an epithelial cell surface, the
adhesion of H pylori to the apical membrane is
the final step in the process of association with
the mucosa. Furthermore, Zafriri et al* have
postulated that in general, adhesion of bacteria to
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cells directs the diffusion of toxins, and enhances
the pathogenic activity of the organisms.

Bode et al* also believe that adhesion of
H pylori is followed by subcellular alterations to
the affected epithelial cells, including depletion
of microvilli, dissolution of mucous granules
resulting in translucent empty structures,
and increased generation of sialic acid-rich
glycoproteins. Observations in the present study
do not support such direct bacterial action.
Relatively few organisms were observed lying
very close to cell surfaces, and such epithelial
cells appeared unaltered apart from displace-
ment or depletion of some microvilli. The
reasons why a few bacteria develop such a close
association with epithelial cells remain obscure.

The present study indicates that virtual
membrane-to-membrane contact, accumulation
at intercellular junctions, and incorporation into
epithelial cells or the lamina propria are not
important features of the pathogenic action of
H pylori. It seems likely that physicochemical
alterations in the protective gastric mucus layer
may be more important."
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