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“Helicobacter heilmannii” (proposed name) type 1 colonizes the human stomach. It has been shown to be
identical to “Candidatus Helicobacter suis,” a Helicobacter species colonizing the stomachs of >60% of slaugh-
ter pigs. This bacterium has not been isolated in vitro until now. Antibiotic susceptibility testing of “Candidatus
Helicobacter suis” has not been carried out so far. For the present study, a mouse model was adopted to
evaluate the antibiotic susceptibility of this organism. Mice infected with “Candidatus Helicobacter suis” were
treated with amoxicillin and omeprazole, a therapy which is used to treat H. heilmannii infections in humans.
Two different isolates of “Candidatus Helicobacter suis” were tested. The excretion of bacterial DNA was
assessed during treatment, using PCR on fecal samples. At the end of the experiment, 8 days after the cessation
of treatment, the presence of infection was evaluated using a urease test and a PCR test on stomach samples.
A marked decrease in the excretion of bacterial DNA was observed a few days after the onset of treatment, and
the level remained low until the end of the experiment. A difference in susceptibility between the two “Candi-
datus Helicobacter suis” isolates was pointed out. The in vivo mouse model infected with “Candidatus Helico-
bacter suis” will be useful for further screening of potential therapeutic regimens.

Helicobacter pylori infections in humans are a major cause of
gastric and duodenal ulceration (14, 30) as well as gastric
cancer (1). Triple therapy involving a proton pump inhibitor,
clarithromycin, and amoxicillin is recommended as the first-
line treatment (13). However, H. pylori strains may differ in
their antibiotic susceptibilities. Results from in vitro suscepti-
bility testing often correlate poorly with in vivo susceptibility
(8, 11). In this respect, the in vivo H. pylori (strain SS1) mouse
model is very useful for testing different treatment regimens
(31).

H. pylori is not the only Helicobacter species capable of
colonizing the human gastric mucosa. “Helicobacter heilman-
nii” (proposed name) has been found in approximately 0.96%
of gastric biopsies in humans (7). This organism is strongly
associated with gastritis but is also associated with peptic ul-
ceration, gastric adenocarcinoma, and mucosa-associated lym-
phoid tissue lymphoma (5, 17). Recent evidence indicates that
“H. heilmannii” is not a single species but represents different
bacterial species with similar spiral morphologies, most of
which are probably of zoonotic origin (15, 23, 25, 27, 28).
Classification into “H. heilmannii” type 1 and “H. heilmannii”
type 2 was established on the basis of 16S rRNA gene se-
quences (24). More than 50% of the “H. heilmannii” infections
in humans are due to “H. heilmannii” type 1 (27). “H. heilman-
nii” type 1 has been shown to be identical to “Candidatus
Helicobacter suis” (19), a hitherto nonculturable spiral bacte-
rium that colonizes the stomachs of �60% of slaughter pigs (2,
6, 16, 20). The actual role of “Candidatus Helicobacter suis” in
gastric disease in pigs is still a matter of debate, but it has been

suggested that this bacterium is associated with gastric ulcer-
ation of the pars oesophagea (21) and with chronic pyloric
gastritis (20). Since in vitro cultivation of “Candidatus Helico-
bacter suis” still has not been achieved, mouse inoculation was
used to isolate this bacterium from infected pig stomach mu-
cosa (4).

Antimicrobial treatment of “H. heilmannii” infections in hu-
mans is based on clinical experience (9, 18, 26, 29). Mostly,
treatment schemes successful in eradicating H. pylori are also
used to treat “H. heilmannii.” To our knowledge, antibiotic
susceptibility testing of “H. heilmannii” type 1 has not been
carried out so far. The aim of the present study was to adopt an
in vivo mouse model infected with “Candidatus Helicobacter
suis” for evaluating the antibiotic susceptibility of this organ-
ism.

MATERIALS AND METHODS

“Candidatus Helicobacter suis” isolates. Since in vitro isolation of “Candidatus
Helicobacter suis” is not possible with current methods, in vivo isolation was
performed by mouse inoculation.

Two different isolates were used in the antibiotic treatment study. For each
isolate, pig stomachs were obtained from a slaughterhouse and transported to
the lab. This was done on different days for the two isolates, by which two isolates
of “Candidatus Helicobacter suis” from two different pig farms were obtained.

The stomachs were opened, and the remaining food was rinsed off with
autoclaved tap water (37°C). A small mucosal fragment from the antrum (1 cm
from the torus pyloricus) was taken to screen for the presence of “Candidatus
Helicobacter suis.” One-half of this fragment was used for a rapid urease test
(CUT; Temmler Pharma, Marburg, Germany) (37°C for 1 h). The other half of
the fragment was frozen (�20°C) and used for the specific detection of “Can-
didatus Helicobacter suis” by PCR as described below. For one stomach that
yielded a positive urease test, the upper cell layers and mucus were scraped off
the antrum. Scrapings were homogenized in lyophilization medium (LYM) con-
sisting of 2 volumes of horse serum, 1 volume of brain heart infusion broth
(Oxoid, England), and 10% glucose. The homogenate was then centrifuged
(5,000 � g, 5 min; Beckman Allegra 6R centrifuge) to remove large particles.
The supernatant was diluted 1/10 in LYM and intragastrically inoculated into
three 6-week-old BALB/c mice (0.3 ml/mouse) (Harlan, Horst, The Nether-

* Corresponding author. Mailing address: Laboratory of Pathology,
Department of Pathology, Bacteriology and Avian Diseases, Ghent
University, Salisburylaan 133, 9820 Merelbeke, Belgium. Phone: 32 9
264 77 45. Fax: 32 9 264 77 89. E-mail: ann.hellemans@Ugent.be.

4530



lands). The isolates used in this study received three (isolate 1) and four (isolate
2) mouse passages. Each mouse passage was performed 2 weeks after inoculation
by homogenizing whole urease-positive mouse stomachs in LYM (5 ml LYM/
stomach). The mouse stomach homogenate was then used as an inoculum (0.3
ml/mouse) without a previous centrifugation step. For each mouse passage,
except for the last one, three new BALB/c mice were inoculated. The last mouse
passage was performed with 15 BALB/c mice, from which urease-positive stom-
achs were pooled and homogenized. The homogenate was frozen at �70°C.

Experimental protocol. Eighty-five specific-pathogen-free, 6-week-old BALB/c
mice were obtained from an authorized breeder (Harlan). Animals were housed
individually in autoclaved filter-top cages, fed a commercial diet of autoclaved
pellets (Teklad; Harlan), and given autoclaved water ad libitum. Forty-five mice
were used for the isolation of “Candidatus Helicobacter suis” as described above.
Forty mice were used in the antibiotic treatment study. Of these 40 animals, 5
were left uninoculated. The remaining animals (35) were divided into the fol-
lowing two groups: a first group of 15 mice for isolate 1 and a second group of
20 mice for isolate 2. The animals in group 1 and group 2 were inoculated with
isolate 1 and isolate 2 of “Candidatus Helicobacter suis,” respectively. For this
purpose, the frozen stock of mouse stomach homogenate was placed at 37°C for
15 min and diluted 1/10 in LYM. Each mouse was administered 0.3 ml of the
inoculum intragastrically, using a ball-tipped gavage needle. Five and 10 of the
infected animals were left untreated for isolate 1 and isolate 2, respectively.

Two weeks after infection, 10 mice each from group 1 and group 2 were
treated with omeprazole (Astra Zeneca, Brussels, Belgium) and amoxicillin
(SmithKline Beecham, Genval, Belgium). The dosages of omeprazole and
amoxicillin were chosen according to the results of a study by Morgner et al. (18).
The weight of each mouse was approximated to be 20 g, and treatment amounts
were calculated with the formula of Riviere (22). Amoxicillin and omeprazole
were diluted in sterile distilled water and 0.2 M sodium bicarbonate (pH 8),
respectively, for appropriate dosing. All treatments were administered intragas-
trically three times daily for 14 days.

The effect of treatment was evaluated with two parameters. The first param-
eter was the presence of bacterial DNA in fecal samples from 1 day after the
onset of treatment until 1 week after treatment, which was investigated by PCR
on fecal material (PCR-SK). Starting from 1 day after the onset of treatment, 200
mg of feces was collected daily from each individual animal for DNA extraction
followed by PCR-SK (see below).

Eight days after the cessation of treatment, the animals were euthanized, and
results from immunohistochemistry, urease tests, and PCR on stomach samples
(PCR-SL) were used as a second parameter to evaluate the clearance of infec-
tion. Therefore, three gastric tissue samples were taken. The first gastric tissue
sample was fixed in buffered formalin (24 h) and embedded in paraffin for
immunohistochemical staining. The second sample was used for urease testing by
the CUTest (Temmler Pharma, Marburg, Germany) and incubated at 37°C. The
urease test was regarded as positive when the solution turned red within 1 h. The
third gastric tissue sample was used for DNA extraction followed by PCR-SL
(see below).

PCR-SL. DNAs from stomach samples were extracted using DNeasy tissue kits
(QIAGEN, Hilden, Germany). PCR was performed as described previously (3).
PCR products were run in 1.5% agarose gels containing 50 ng/ml ethidium
bromide. After 1 h at 160 V, the products were visualized with a UV transillu-
minator.

PCR-SK. At the time of the study, a PCR assay for the specific detection of
“Candidatus Helicobacter suis” in stomach samples was already described (3).
This PCR amplifies a 433-bp fragment of the 16S rRNA gene of “Candidatus
Helicobacter suis” but could not detect the bacterial DNA in the feces of infected
mice. In feces, fragmentation of DNA has been shown to occur (12), and there-
fore other primers (HS 586 [5�-GGGAGGACAAGTCAGGTGTGAA-3�] and
HS 641 [5�-TCTCCCACACTCCAGAAGGATAG-3�]) (Table 1) were selected
from variable regions of the 16S rRNA gene of “Candidatus Helicobacter suis”
(GenBank accession no. AF1027028). These primers were used to amplify a
79-bp fragment from mouse fecal samples. DNAs from 200-mg fecal samples
were extracted using a QIAamp DNA stool mini kit (QIAGEN, Hilden, Ger-
many) according to the manufacturer’s instructions. The DNA yield was deter-
mined by measuring the DNA concentration in the DNA extract by its absor-
bance at 260 nm.

PCR mixtures (50 �l) contained 50 pmol of each primer (Invitrogen Life
Technologies, Merelbeke, Belgium), a 200 �M concentration of each de-
oxynucleoside triphosphate (Amersham Pharmacia Biotech, Puurs, Belgium),
0.03 U/�l Taq Platinum, 1.5 mM MgCl2, and 1� PCR buffer (Invitrogen Life
Technologies). Two microliters of template DNA was added to the vials. The
PCR conditions were as follows: initial denaturation at 95°C for 3 min followed
by 40 cycles of 30 s at 94°C, 30 s at 62°C, and 30 s at 72°C. A final extension was

performed for 5 min at 72°C. PCR products were run in 1.5% agarose gels
containing 50 ng/ml ethidium bromide. After 1 h at 160 V, the products were
visualized with a UV transilluminator.

The specificity of the primers was tested on DNA extracts from 17 different
Helicobacter species (Table 1). No amplification products were seen when Heli-
cobacter species other than “Candidatus Helicobacter suis” were used as tem-
plates.

To test the sensitivity of the PCR-SK assay, 200-mg fecal mouse samples were
spiked with 1010, 109, 108, 107, 106, 105, 104, 103, 102, and 10 copies of the 16S
rRNA gene sequence from “Candidatus Helicobacter suis,” present as plasmid
DNA. The 16S rRNA gene sequence (1.4 kbp) of “Candidatus Helicobacter suis”
was then amplified by PCR as described by De Groote et al. (2). This was
followed by cloning into the pCR2.1-TOPO vector by using a TOPO TA cloning
kit (Invitrogen, Life Technologies) according to the manufacturer’s instructions
for chemical transformation. DNA sequencing further confirmed that the ex-
pected 16S rRNA gene sequence had been cloned into the pCR2.1-TOPO
vector. Plasmid DNA was extracted with a S.N.A.P. Miniprep kit (Invitrogen,
Life Technologies). The circular plasmid was eluted in sterile water and linear-
ized with EcoRV (Invitrogen, Life Technologies). The absorbance of the DNA
solution was measured three times at 260 nm on a UV/Vis spectrophotometer,
and the mean value was taken as the actual absorbance. The copy number of the
rRNA gene sequence was calculated as follows: copy number of 16S rRNA
gene/�l � (concentration of linearized plasmid [g/�l]/molecular weight of
pCR2.1-TOPO [g/mol]) � 6.023 � 1023 (copies/mol). Serial dilutions of the
purified linear plasmid were made, and 10 �l of each dilution (ranging from 109

copies/�l to 1 copy/�l) was used to spike a 200-mg fecal sample. DNAs from
spiked fecal samples were extracted using a QIAamp DNA stool mini kit
(QIAGEN, Hilden, Germany) according to the manufacturer’s instructions. Af-
terwards, PCR-SK was performed as described above.

To compare the sensitivity of PCR-SK with that of PCR-SL, serial dilutions of
the linear plasmid containing the 16S rRNA gene sequence of “Candidatus
Helicobacter suis,” starting from 1010 copies/�l, were used as template DNAs in
both PCR tests. Thereafter, PCR-SK and PCR-SL were performed as described
above.

The nucleotide sequences of the amplified PCR-SK products were determined
to confirm the predicted sequence by indirect sequencing. The amplicons derived
from three randomly selected positive fecal samples of isolate 1 and from three
randomly selected positive fecal samples of isolate 2 were cloned into the
pCR2.1-TOPO vector (TOPO TA cloning kit; Invitrogen, Life Technologies)
according to the manufacturer’s instructions for chemical transformation. Plas-
mids were purified using a S.N.A.P. Miniprep kit (Invitrogen, Life Technolo-
gies). Sequences were determined by using the M13 primers complementary to
the pCR2.1-TOPO vector, a Big Dye Terminator cycle sequencing kit, and an
ABI Prism 3100 DNA sequencer (Applied Biosystems, Tokyo, Japan). Se-

TABLE 1. Specific detection of “Candidatus Helicobacter suis”
infection in fecal samples from mice by PCR amplification

of a 79-bp fragment of the 16S rRNA gene of
“Candidatus Helicobacter suis”

Primer or straina Species or sequence (5�-3�)

HS 586......................................GGGAGGACAAGTCAGGTGTGAA
HS641 .......................................TCTCCCACACTCCAGAAGGATAG
CCUG 38995 ...........................H. billis
CCUG 29260 ...........................H. pametensis
CCUG 32350 ...........................H. nemestrinae
NCTC 11961............................H. pylori
LMG 6444................................Campylobacter jejuni
LMG 16318..............................H. pullorum
LMG 18044..............................H. mustelae
LMG 16316..............................H. hepaticus
LMG 18086..............................H. canis
LMG 11759..............................H. fenelliae
LMG 14378..............................H. nemestrinae
LMG 12678..............................H. pametensis
LMG 12684..............................H. acinonychis
R 1051 ......................................H. bizzozeronii
R 1053 ......................................H. salomonis
R 3647 ......................................H. felis
LMG 7543................................H. cinaedi

a Bacterial strains used for the evaluation of the specificity of the primers.
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quences were entered into the Kodon software package (Applied Maths, Sint-
Martens Latem, Belgium). A sequence similarity test was then done using the
BLAST analysis tool (http://BLAST.genome.jp/).

Immunohistochemical staining for detection of Helicobacter bacteria. Immu-
nohistochemical staining was performed on formalin-fixed and paraffin-embed-
ded gastric tissue samples as described by De Groote et al. (2). Colonization was
assessed on a three-point scale, as follows: negative, no bacteria present; weak,
less than one-third of crypts colonized; and strong, two-thirds or more of crypts
colonized. The antrum-body transitional zone was defined according to the
method of Veldhuyzen van Zanten et al. (31). Colonization in the antrum-body
transitional zone was evaluated according to the method of Veldhuyzen van
Zanten et al. (31), with the following minor modifications: the center point of the
antrum-body transitional zone was identified and then bacteria were counted
within a six-gland radius on both sides.

Statistical analysis. The differences in excretion of “Candidatus Helicobacter
suis” DNA into the feces between treated and untreated groups were assessed by
using Fisher’s exact test with the statistics package SPSS. P values of �0.05 were
regarded as statistically significant.

RESULTS

During the study, three animals, an untreated control animal
and two treated animals, died from causes unrelated to the
infection or treatment.

Detection of “Candidatus Helicobacter suis” DNA in feces by
PCR-SK. The mean DNA yield from the DNA stool mini kit
was 135 �g DNA per gram of mouse feces. All fecal samples
from uninoculated animals were negative by PCR-SK.

The excretion of “Candidatus Helicobacter suis” DNA into
the feces of mice is shown in Fig. 1 and 2 for the first and
second isolate, respectively. For both untreated control groups,
“Candidatus Helicobacter suis” DNA was excreted throughout
the observation period by the vast majority of animals, ranging
from 70 to 100% of the inoculated mice. Indirect sequencing of
randomly selected PCR-SK products amplified from fecal sam-
ples of positive control animals confirmed that the amplicon
was identical to the 16S rRNA gene sequence of “Candidatus
Helicobacter suis.”

For the group experimentally infected with isolate 1 and
treated with omeprazole and amoxicillin, the treatment re-
sulted in an overall decrease in excretion of “Candidatus Hel-
icobacter suis” DNA compared to that for the untreated con-
trol group for isolate 1. This difference was statistically
significant from day 6 after the start of the treatment until the
end of the experiment. On the last day of sampling (day 8 after
the end of treatment), all treated animals had negative fecal
samples by PCR-SL.

For the group experimentally infected with isolate 2 and
treated with omeprazole and amoxicillin, treatment also re-
sulted in a decrease in “Candidatus Helicobacter suis” DNA
excretion compared to that for untreated control animals for
isolate 2. This difference in excretion was statistically signifi-
cant from day 6 after the start of treatment until the end of the
experiment. In fact, from day 10 after the onset of treatment
until the end of the experiment, DNA of the target organism
could not be detected by PCR-SK in the feces of any of the
treated animals.

PCR-SK performed on fecal samples spiked with different
amounts of the 16S rRNA gene sequence (ranging from 1010 to
101 copies) showed that PCR-SK on fecal samples could detect
at least 105 copies of the 16S rRNA gene sequence of “Can-
didatus Helicobacter suis.”

The relative sensitivity of PCR-SK to that of PCR-SL was
tested with purified plasmid DNA as the PCR template. Both
PCR tests had the same sensitivity and could detect at least 200
copies of the 16S rRNA gene sequence.

Detection of Helicobacter bacteria in stomach samples by
immunohistochemistry, urease tests, and PCR. The results of
immunohistochemistry, urease tests, and PCR-SL performed
on stomach samples are summarized in Table 2. Gastric sam-
ples taken for immunohistochemistry consisted of the antrum
(antral gland type) and the body (fundic gland type), except for
six samples which contained only the antrum, seven samples
which contained only the fundus, and one sample which con-
tained only the antrum and the antrum-body transitional zone.
Antrum and body stomach regions were scored separately, as
was the antrum-body transitional zone (Table 2).

FIG. 1. Percentages of mice from group 1 excreting “Candidatus
Helicobacter suis” DNA from 1 day after the start of treatment until
the end of the experiment. A significant difference was found starting
from day 6 (*) of treatment and for all following days. The arrow
indicates the last day of treatment.

FIG. 2. Percentages of mice from group 2 excreting “Candidatus
Helicobacter suis” DNA from 1 day after the start of treatment until
the end of the experiment. A significant difference (P � 0.05) was
found starting from day 6 (*) of treatment and for all following days.
The arrow indicates the last day of treatment.
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Helicobacter bacteria could not be detected in uninoculated
control animals. Untreated control animals infected with iso-
late 1 were strongly positive in the antrum, the antrum-body
transitional zone, and the fundus (two-thirds of crypts were
colonized with Helicobacter bacteria), as determined by immu-
nohistochemistry. They were positive by the urease test and
also by PCR-SL. All mice challenged with isolate 1 followed by
antibiotic treatment were negative at euthanasia with all meth-
ods used (immunohistochemistry, urease test, and PCR-SL).
The results of immunohistochemical staining showed that the
antrum, the antrum-body transitional zone, and the body (fun-
dic mucosa) were negative.

Untreated control animals infected with isolate 2 were pos-
itive for bacteria, as determined by the three methods used. In
these animals, two-thirds of the glandular crypts in the antrum,

the antrum-body transitional zone, and the fundus were colo-
nized with Helicobacter bacteria. An immunohistochemical
evaluation of mice challenged with isolate 2 followed by anti-
biotic treatment showed that in 4/10 animals one-third of the
glandular crypts were colonized with Helicobacter bacteria in
the antrum and/or body. The remaining six were negative by
immunohistochemistry. All animals that were positive by im-
munohistochemistry were also positive by the urease test; ad-
ditionally, two other animals were shown to be positive by the
urease test. Positive PCR-SL results correlated well with the
positive results of the other tests, with two exceptions (OA6
and OA8) (Table 2), which were negative by the urease test
and immunohistochemistry.

DISCUSSION

To our knowledge, this is the first study in which the anti-
biotic susceptibility of “H. heilmannii” type 1 or “Candidatus
Helicobacter suis” was tested by means of an in vivo mouse
model. In this mouse model, “Candidatus Helicobacter suis”
was shown to colonize both antral and fundic mucosa, a colo-
nization pattern similar to that observed in pigs naturally in-
fected with “Candidatus Helicobacter suis” (21).

For H. pylori, the use of an in vivo mouse model is consid-
ered more reliable for antibiotic susceptibility testing than in
vitro methods (31). With “Candidatus Helicobacter suis,” in
vivo testing is the sole option since the bacterium cannot be
cultured in vitro. Because of this, no phenotypic or genotypic
data were available for the “Candidatus Helicobacter suis”
isolates used in this study.

The colonization of both isolates of “Candidatus Helicobac-
ter suis” was suppressed by treatment with amoxicillin and
omeprazole. In order to define the efficacy of antibiotic treat-
ment, two parameters were examined. The first parameter
involved the excretion of bacterial DNA in the feces. Results
from immunohistochemical staining, urease tests, and PCR-SL
on gastric tissue samples at the end of the experiment com-
prised the second parameter used to assess the efficiency of the
installed antimicrobial regimen. Treatment with amoxicillin
and omeprazole resulted in a marked decrease in bacterial
DNA excretion. This may lead to the assumption that the
degree of bacterial colonization in the stomach of the treated
animals has lessened. It is not clear, however, whether there is
a direct link between stomach colonization and fecal excretion.
Previously, other investigators have used PCR on fecal samples
as an early indicator of the likely success of treatment for
Helicobacter hepaticus and Helicobacter bilis infections of the
cecum and colon in mice (10). These authors considered neg-
ative fecal samples to be an indicator of eradication of the
infection.

For isolate 1, all treated animals tested negative at the end
of the experiment, as determined by immunohistochemistry,
urease tests, and PCR-SL. In contrast, the stomachs of the
majority of the treated animals infected with isolate 2 proved
positive by PCR-SL, although fecal samples were negative.
Some of these animals had negative urease tests, and most of
them were negative as determined by immunohistochemistry,
which can be explained by the fact that immunohistochemistry
and urease tests are not as sensitive as PCR for the detection
of “Candidatus Helicobacter suis” (3). Taking all of the results

TABLE 2. Results of immunohistochemistry, urease testing, and
PCR-SL for mouse stomach samplesa

Mouse sample

Immunohistochemistry
result

Urease test
result

(gastric
tissue)

PCR-SL test
result

(gastric
tissue)Antrum A-B Body

Negative control 1 � � � � �
Negative control 2 � � � � �
Negative control 3 � � � � �
Negative control 4 � � ND � �
Negative control 5 � � � � �
Samples for isolate 1

Positive control 1 �� �� �� � �
Positive control 2 ND ND �� � �
Positive control 3 ND ND �� � �
Positive control 5 �� �� �� � �
OA 1 � � � � �
OA 2 � � � � �
OA 3 ND ND � � �
OA 4 � � � � �
OA 6 � � � � �
OA 7 ND ND � � �
OA 9 ND ND � � �
OA 10 � � � � �

Samples for isolate 2
Positive control 1 �� �� �� � �
Positive control 2 �� �� �� � �
Positive control 3 �� ND ND � �
Positive control 4 ND ND �� � �
Positive control 5 �� �� �� � �
Positive control 6 �� �� �� � �
Positive control 7 �� ND ND � �
Positive control 8 �� ND ND � �
Positive control 9 �� ND ND � �
Positive control 10 �� �� �� � �
OA 1 � � � � �
OA 2 � � � � �
OA 3 ND � � � �
OA 4 � ND ND � �
OA 5 � ND � � �
OA 6 � � � � �
OA 7 ND ND � � �
OA 8 � ND ND � �
OA 9 � � � � �
OA 10 � � � � �

a �, negative result; � positive result; ��, strong positive result; A-B, antrum-
body transition; ND, not determined, i.e., specific stomach region was not
present; OA, omeprazole and amoxicillin treatment. Positive control animal 4,
OA animal 5, and OA animal 8 from the isolate 1 group died during the
experiment.
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into account, we can say that a decrease in, and even absence
of, bacterial DNA in the feces is not sufficient for stating that
animals have cleared the infection in the stomach. This may be
partially explained by the fact that only 105 copies of the 16S
rRNA gene can be detected by PCR-SK. Screening of gastric
tissue samples for the presence of Helicobacter bacteria needs
to be done to evaluate antimicrobial efficacies.

Treatment resulted in a decrease in bacterial colonization
for isolate 1 and isolate 2, but true eradication cannot be
claimed because only 1 week was left between the end of
treatment and screening for the presence of Helicobacter bac-
teria. For humans, it is agreed that eradication can only be
claimed when the patient is negative for Helicobacter for 4
weeks after the end of treatment.

In contrast with the observations made by Veldhuyzen van
Zanten et al. (31) for H. pylori, treatment of “Candidatus Hel-
icobacter suis” with amoxicillin and omeprazole was effective
in the antrum but also in the antrum-body transitional zone.
The difference in observations may be due to the higher total
daily dosage of amoxicillin used in our study or to a difference
in susceptibility between H. pylori and “Candidatus Helicobac-
ter suis.” The observations made in our study that treatment
with amoxicillin and omeprazole has an effect on colonization
in both antral and fundic mucosa is in agreement with the study
of Morgner et al. (18), who tested treatment with amoxicillin
and omeprazole in humans infected with “H. heilmannii.”

In the present study, a difference in susceptibility between
different isolates of “Candidatus Helicobacter suis” was
pointed out. The dosages of the drugs given to the animals in
the present study were calculated by extrapolation of the dos-
ages given to people infected with “H. heilmannii” (18), using
the formula of Riviere (22). It cannot be excluded that a higher
dosage would have resulted in the clearance of “Candidatus
Helicobacter suis” infection for the group infected with isolate
2, on the condition that this dosage is not toxic in the mouse
model.

This is the first time that antimicrobial agents have been
tested for their effect against “Candidatus Helicobacter suis.”
In view of the potential benefit of the elimination of “Candi-
datus Helicobacter suis” on the management of gastric inflam-
mation and ulceration in pigs and of certain gastric pathologies
in humans, this model will be useful for further screening of
potential therapeutic regimens.
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