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SUMMARY

The fact that Helicobacter pylori can revert to a coccoid form has stimulated
speculation about its role in transmission and as a possible cause of reinfection in
duodenal ulcer disease. Bismuth subcitrate (32 ug/ml), bismuth subsalicylate
(64 pg/ml), amoxicillin (0-05 ug/ml) and erythromycin (4 pg/ml) inhibited the
growth of H. pylori and stimulated the formation of basically respiring but non-
culturable coccoid structures. The presence of polyphosphates as energy and
phosphorus source permits a certain level of endogenous metabolism to preserve
RNA and DNA, as well as structural components like cell wall, cell membrane and
cvtoplasma for at least 3 months. However, the applied standard laboratory
methods were insufficient for regrowth of H. pylori out of the coccoid form.

INTRODUCTION

Possible sources and the mode of transmission of Helicobacter pylori are still not
known. Foodborne or waterborne transmission is not unusual for an enteric
pathogen and in vitro experiments have shown that H. pylori is able to survive in
milk for several days [1] and in water for several months [2, 3]. However, H. pylori
has not been isolated from the environment by culture techniques. A recent
investigation suggests that H. pylori infection seems to be a waterborne disease in
Peruvian children [4].

The conditions leading to the water contamination are not known but suggest
the presence of H. pylori organisms in stool. It is difficult to culture H. pylori from
human stool samples [5], but recently, Fox and colleagues [6, 7], were able to
isolate H. mustelae from the faeces of infected ferrets.

In leaving its normal habitat in the stomach, H. pylori is exposed to physical
and chemical stress. The response to the altered environment leads to a change in
morphology, metabolism and growth behaviour: the viable but non-culturable
stage [8]. This is a stage common to microorganisms that neither sporulate nor
encyst but round up and lower their metabolic activity [9, 10].

One characteristic feature of duodenal ulcer disease is frequent relapse of the
disease, often within several weeks. It is reasonable to suppose that not all H.
pylori organisms are completely eradicated and may have survived in a coccoid
form under the chemical stress of the therapy. After the apparently successful
eradication, recurrence of infection occurs, usually by the same strain of H. pylor:
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as shown by restriction endonuclease RNA analysis or as have been recently
shown by numerical analysis of 1D SDS-PAGE protein patterns [11].

In this study we demonstrate that the coccoid form of H. pylori shows evidence
for basal respiration.

MATERIAL AND METHODS

Isolation and cultivation

Nine different clinical isolates from H. pylori positive patients were obtained
from gastric tissue collected during endoscopy. Homogenized tissue was plated on
Wilkins—Chalgren blood agar plates, supplemented using the method of Skirrow
[12]. Cultures were incubated at 37 °C for 2-3 days under microaerophilic
conditions. For subculturing, strains were transferred into liquid media containing
Brucella broth (Difco Laboratories, Detroit, Michigan, USA) and 6% fetal calf
serum and incubated for 2 days under microaerophilic conditions (5% O,: 5%
CO,; 2% H,; 88% N,) on a rotary shaker.

Induction of coccoid forms

An inoculum of about 5 x 10® cells derived from the exponential growth phase.
was exposed to 50ml of culture medium containing the following final
concentrations of the applied test substances: bismuth subcitrate (32 pg/ml).
bismuth subsalicylate (64 pg/ml), amoxicillin (0-05 ug/ml) and erythromycin
(4 ug/ml). Control experiments were done in parallel without the bactericidal
substances. After 72 h bacterial cells were isolated and analysed immediately and
after a 3 month storage in physiological saline under 4 °C.

Regrowth experiments were performed after 72 h exposure experiments and
after 3 months storage, using either Wilkins-Chalgreen blood agar plates or
Brucella broth.

Conventional electron microscopy

Isolated bacteria were analysed using negative staining (2% (w/v) phospho-
tungstic acid, pH 7-4) according to Haschemeyer and Myers [13]. In addition.
samples were fixed for 2 h in 2:5% (v/v) glutaraldehyde (cacodylate buffer 0-1 m,
pH 7-4). After washing in buffer, samples were fixed in buffered 2% (w/v) OsO,
solution for further 2 h. Samples were washed, dehydrated and block stained with
uranyl acetate. After embedding in Epon 812, sections were additionally
contrasted with lead citrate. Sections were analysed with a Philips EM 301
transmission electron microscope.

Element-specific electron microscopy

For electron spectroscopic imaging (ESI) and electron energy-loss spectroscopy
(EELS), ultrathin sections (1525 nm) were collected on uncoated 700 mesh grids
from samples which had been fixed in cacodylate buffered 2:5% (v/v)
glutaraldehyde and examined without further staining in a CEM 902 spectroscopic
electron microscope (Carl Zeiss, Oberkochen, Germany) equipped with an image
analysis system from Kontron (Munich, Germany).

The EELS spectra of poly P aggregates were recorded with an integrated prism-
mirror spectrometer. A photomultiplier system (PMT) recorded the electron
intensities. The analogue signals of the detector were digitized by a digital
multimeter (Hameg Instruments) and fed into a computer in order to plot relative
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Intensities against corresponding energy losses. To reduce beam damage, areas for
spectra recording were selected with a reduced beam current. Elements were
identified analysing the specific energy losses of electrons which are scattered by
the atoms of the investigated structures. ESI shows the local distribution and
variations in concentration of a selected element using the specific energy loss of
the electrons [14].

Detection of DNA synthesis in coccoid forms

In this study we used the uptake and incorporation of 5-bromode-oxyuridine
(BrdU). a thymidine analogue, into newly synthesized DNA. Three months old
coccoid forms of H. pylori were placed in liquid culture medium containing
10 pM BrdU (Sigma, Deisenhofen, Germany) for 18 h at 37 °C. After centrifug-
ation, coccoid forms were fixed for 30 min in Karnovsky solution, rinsed in PBS,
dehydrated and embedded in Epon 812. Incorporated BrdU into DNA was
localized using a specific monoclonal anti-BrdU-antibody in combination with a
streptavidin-biotin colloidal gold complex (Amersham International; Braun-
schweig, Germany). The immuno-staining was performed on sections of coccoid
forms after removing the resin with a mixture of sodium methylate and benzol.

Control experiments were done without the addition of BrdU to the medium or
without anti-BrdU-antibody.

RESULTS

It was possible to induce coccoid forms in all nine strains of H. pylori with the
applied concentrations of the tested substances. A remarkable result is that all
substances generated coccoid forms with a range of sizes after 72 h exposure.

The control experiments without the bactericidal substances consisted of
differing amounts of coccoid forms (4-10%) after 72 h. After 3 months almost all
spiral-shaped bacteria transformed into the coccoidal form. Regrowth of H. pylori
failed after the 72 h incubation experiments with the test substances and after 3
months of storage.

Morphology and ultrastructure

The negative staining preparation in Fig. 1 (b, ¢) clearly shows that coccoids are
endowed with a complete set of flagella providing them with probably almost the
same motility as in the spiral form (Fig. 1 a). The coecoid forms varied in size from
0-8-1:0 um. The exposure of H. pylori to amoxicillin produced a mini-form of
coccoids with a mean diameter of 0-3 um (Fig. 1¢).

Ultrastructural analysis of 3-month-old coccoids show completely intact
ultrastructure, like cell wall, cell membrane and cytoplasma (arrowed in Fig. 2a).
However. the number of such intact coccoids had decreased remarkably. Even
flagella are sometimes visible (Fig. 2a). In addition, dark electron-dense aggregates
were found within cytoplasma. The analysis of the electron dense aggregates by
elemental specific electron microscopy (EELS) identified phosphorus as main
components. Recently, we were able to identify such structures as polyphosphate
granules [15]. Electron spectroscopic imaging with the specific electron energy loss
of £ =132 eV shows the distribution of phosphorus within a sectioned coccoid
form (Fig. 2b). A heavy signal was found which corresponds to the electron dense
structures shown in Fig. 2a.
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Fig. 1. Morphological appearance of cultured H. pylori (a) and induced coccoid
form of the same strain (b, ¢). Negative staining, x 22000.
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{a)

Fig. 2. Electron microscopy of sectioned coccoid forms, x65000. (a) Intact
ultrastructure; (b) electron spectroscopic imaging (ESI) using the specific energy loss
of phosphorus (£ =132eV) for demonstrating polyphosphate; (c) immunohisto-
chemical demonstration of BrdU incorporation into newly synthesized DNA segments.

Fig. 2¢ shows, that coccoids are able to synthesize DNA. This is shown by the
incorporation of BrdU, a pyrimidine analogue of thymidine, into newly
synthesized DNA. Colloidal gold particles are found within the cytoplasma of a
sectioned 3-month-old coccoid form.
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Control experiments showed non-specific background staining of single gold
particles.

DISCUSSION

Since the first description of coccoid H. pylori, results have been controversial
and only scanty information is available concerning their viability [2, 16-20].

Coccoid forms are generally regarded sceptically, however it is agreed that they
are a possible potent vehicle for the transmission of disease [16, 19-22]. The
existence of viable but non-culturable forms is known from other enteric
pathogens as Salmonella enteritidis, Escherichia coli, Vibrio cholerae, Campylobacter
coli, and Campylobacter jejuni [23-26]. It is demonstrated however, that after an
animal passage, they are transformed again into culturable and virulent rods
[26-27).

Our results show, that H. pylort is able to transform into coccoid forms during
the exposure to antimicrobial agents.

Moreover, after 3 months the coccoid form of H. pylori is obviously able to
maintain a certain metabolism which allow the preservation of important cellular
structures like cytoplasma, cell membrane, flagella and DNA.

The demonstration of large polyphosphate aggregates in the coccoid form of H.
pylori supports the idea that polyphosphate is essential in this maintenance
metabolism.

Specialized reserves of storage material may exert a decisive influence on the
survival patterns of microorganisms under unfavourable conditions. By supplying
energy and phosphorus, polyphosphates may permit H. pylori to maintain its
viability in the absence of nutrients. The availability of such storage material by
H. pylori seems to retard the utilization of cellular constituents such as DNA and
protein and to permit the regulation of ATP and nucleotides in the cell [28, 29].

The ability of a distinct coccoid population to synthesize small amounts of DNA
is remarkable. Normally, DNA synthesis decreases rapidly upon adverse
conditions. Thus, polyphosphates constitute an accessible reverse for the synthesis
of metabolic intermediates which may facilitate the initiation of a possible
regrowth from the coccoid stage.

If under antibacterial treatment, H. pylori transforms into a coccoid stage, it
should be considered in future, that the in vitro susceptibility of H. pylori to
antimicrobials is not equivalent to the in vivo eradication rate. Despite good in
vitro activity, many compounds reach only subinhibitory concentrations within
the mucus and crypts where H. pylori colonizes. Factors which may be responsible
for insufficient drug concentrations are decreased activity at an acid pH
concentration gradient within gastric mucus, inadequate tissue concentration.
and inappropriate formulation [30].

It is reasonable to suppose that not all H. pylori organisms are completely
eliminated and may escape the techniques usually applied for their detection. In
biopsies, coccoid forms may be too small to be recognized by light microscopy. and
standard laboratory methods are insufficient for regrowth of the coccoid form.
After apparently successful eradication, recurrence of infection occurs usually by
the same strain of H. pylori within few weeks as has been shown by restriction
endonuclease DN A analysis and fingerprinting of DNA [11, 31]. The ultimate goal
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of successful therapy must be long-term eradication of both the vegetative rod
form and the cocoid survival form.

In conclusion, our results demonstrate, that H. pylori is able to convert under

physical or chemical stress into a basally respiring but non-culturable coccoid
state. It is remarkable that substances which are used in peptic ulcer treatment
are able to induce coccoids ¢n vitro. Thus, the coccoid form is suspected as being
responsible for relapses in duodenal ulcer disease.
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