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Abstract: In this study, human gastric Helicobacter pylori (Hp) was closely attached to the pre-treated mouse buc-
cal mucosa by using artificial oral film to induce the growth and colonization of Hp on the buccal mucosa in mice. 
Sixty BALB/c mice were divided into three groups, in which Hp biofilm colonization was detected in three mice in 
Hp film group (Hp mesh biofilm accumulation under an optical microscope; Hp accumulated colonization under an 
electron microscope). There were no Hp biofilms detected in Hp smear group or the control group with black film. 
In this study, human gastric Hp was first used to artificially induce the growth and colonization of Hp on the buccal 
mucosa in mice. The mouse model of oral infection with Hp was initially established, providing animal experimental 
evidences for oral conditions of growth and colonization of Hp on the buccal mucosa in mice, and providing a work-
able animal modeling method for further research of joint infection of Hp on the mouth and stomach, as well as the 
relationship between oral Hp and gastric Hp.
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Introduction 

Helicobacter pylori (Hp) were a primary preven-
tion target of gastric cancer. The difficulty of Hp 
prevention lied in the eradication of Hp recur-
rence [1]. Since the first successful isolation 
and culture of Hp from the dental plaques in 
patients with gastritis by Krajden et al [2] in 
1989, some scholars began to raise the oral 
cavity as another important gathering place of 
Hp, which was the major cause of gastric Hp 
recurrence. There were more and more reports 
on the correlation between gastric Hp and oral 
Hp [3], for example, there was a molecular 
homology between gastric Hp and oral Hp; [4] 
and the treatment of dental plaques could sig-
nificantly reduce the recurrence rate of gastric 
Hp [5, 6]. In recent years, the hypothesis that 
the recurrence of gastric Hp was mainly caused 
by its gathering in the oral cavity has been 
increasingly concerned [3-7].

However, other scholars believed that oral Hp 
was not the source of gastric Hp, but the pass-

er-by on its way back into the oral cavity [3]. 
Factions debated [8], and the two parts were 
mostly based on clinical data other than animal 
experimental evidences strictly implemented 
according to Koch’s postulates. The animal 
models were mostly those infected with gastric 
Hp in the gastric area other than those infected 
with gastric Hp in the oral cavity, or other than 
those secondarily infected with oral Hp in the 
gastric area, which leading to in vivo study of 
joint infection of oral Hp and gastric Hp.

This article reported a new exploratory animal 
experimental method by attaching human gas-
tric Hp on mouse oral mucosa to induce the 
growth and colonization of Hp on the oral muco-
sa by using artificial oral film. This study provid-
ed animal experimental evidences for oral con-
ditions of growth and colonization of Hp on the 
buccal mucosa in mice, and provided a w- 
orkable animal modeling method for further 
research of joint infection of Hp on the mouth 
and stomach, as well as the relationship betw- 
een oral Hp and gastric Hp. 
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Materials and methods

Source, identification and culture of strains

The endoscopic biopsy specimens of clinical 
patients with gastritis (taken from the Gastro-
endoscope Room of the Third Affiliated Hospital 
of Guangzhou Medical College, with patients’ 
informed consent) that showed positive by 
C14-urea breath test were inoculated on the 
Brandt selective medium containing 7.5% ster-
ile rabbit blood prepared within one week, and 
cultured at 37°C for 5-7 days under the micro-
aerobic conditions provided by the candle jar 
method. Based on the colony morphology, 
gram stained bacterial morphology, urease, oxi-
dase and catalase tests, it was identified as Hp 
[9]. The pure cultures of Hp were then extrac- 
ted.

Animals and anesthesia

There were a total of sixty SPF-level BALB/c 
male mice in three groups, weighed from 22 g 
to 25 g, n = 20. They were provided by the 
Guangdong Medical Laboratory Animal Center. 
According to the provisions of Animal Safety 
and Management and Animal Welfare and 
Ethics, mice were anesthetized with enflurane 
in all of the irritation experiments. Specifically, 
mice were first intraperitoneally (0.8 ml·kg-1) or 
subcutaneously (1.5 ml·kg-1) injected with enflu-
rane, and then underwent the following experi-
mental operations after the reduction of avoid-
ance reflex.

Pre-treatment of mouse oral cavity

The buccal mucosa was in a relatively larger 
area and less affected by oral motions, with 
strong compliance of operations, so that chem-
ical method was used to induce the formation 
of erosive lesions on the buccal mucosa of 
mouse oral cavity. Specifically, a sterile cotton 
swab dipped with 3% hydrochloric acid alcohol 
was smeared on the buccal mucosa of mice. 
The local lesions were observed until the emer-
gence of exudation or erosion of mucosal 
inflammation.

Hp colonization of the oral mucosa in mice

The mouse oral Hp film was made to promote 
long-term adhesion of Hp on the oral mucosal 

Figure 1. Isolation and culture of Helicobacter pylori 
with the candle jar method.

Figure 2. Helicobacter pylori cultures and colonies.

Figure 3. Oil endoscopy of gram stained-Helicobacter 
pylori.
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surface, prolong the residence time of Hp in the 
oral mucosa or lesions, and induce Hp coloniza-
tion. The film standards included long time of 
adhesion, no mucosal irritation, good compli-
ance, and no interference with mouse activities 
and diets. The film material was film-forming 
polyvinyl alcohol (PVA) and binder sodium car-
boxymethyl cellulose (CMC-Na) [C6H7O2(OH)x 
(OCH2COONa)y]n, both of which were commonly 
used dental film materials [10].

Preparation of blank film

The ratio of polyvinyl alcohol film (PVA) and 
sodium carboxymethyl cellulose (CMC-Na) was 
5:5, with a total of 50 g, which were soaked in 
appropriate amount of water and dissolved by 
heating. 10 mL of glycerol was added, followed 
by stirring, coating the film, drying, and opening 
the film. The film was cut into 1 cm × 1 cm 

blocks. They could be attached on the buccal 
mucosa for 4-10 h [11, 12].

Preparation and usage of Hp film

Two or three Hp colonies were taken from the in 
fresh cultures and directly smeared on the 
inside of the blank film. The inner side was 
quickly attached on the lesions of mouse ero-
sion, which was tightened by pushing for half a 
minute. The Hp colonization testing as made 
after one week.

Hp biofilm detection

Oil microscopy: The mucus was taken from the 
lesion with a sterile swab and its smear under-
went gram staining and oil microscopy, followed 
by photographing. Electron microscopy: The 
diseased mice were directly sent to the Ele- 
ctron Microscopy Room of Southern Medical 
University to get photos.

Figure 4. Hp colonization in mouse buccal mucosa 
(positive).

Figure 5. Hp colonization in mouse buccal mucosa 
(negative).

Figure 6. Mesh Hp biofilm by oil microscopy of gram 
stained-mouse oral mucosal surface.

Figure 7. Hp colonization under an electron micro-
scope.
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Results

Isolation, culture and identification of hu-
man gastric Hp and acquirement of Hp pure 
cultures

H pylori was successfully isolated from the 
endoscopic biopsy specimens of clinical 
patients with gastritis and cultured with candle 
jar method (Figure 1). H pylori inoculated on the 
Brandt selective medium was hoary, semitrans-
parent and rough microcolony (Figure 2). Gram 
stained and oil immersion lens were used to 
detect H pylori. Typical gram stained bacterial 
morphology of H pylori showed gram-negative 
bacterium with seagull shaped, S shape or arc-
shaped (Figure 3). Bacterium with positive ure-
ase, oxidase and catalase tests was identified 
as Hp.

Artificial induction of oral colonization of Hp in 
mice

Hp film group: Twenty mice were pre-treated on 
the oral mucosa of mice with the chemical 
method. After the occurrence of the exudation 
of slight inflammation, the oral film smeared 
with human gastric Hp pure cultures was 
attached on the exudation site. The growth con-
dition of Hp biofilm was detected after 7 days. 
Results: Six of twenty mice were died after 
chemical treatment of the oral cavity; six were 
died within three days after being attached 
with the film; three of eight surviving mice were 
detected with biofilms. The results of mice were 
shown in Figures 4 and 5.

Hp swearing group: Hp pure cultures were 
directly smeared on the pre-treated oral muco-
sa of twenty mice for a total of continuous five 
days, once a day. Results: Seven of twenty mice 
were survived until the end of experiment, but 
no mice were detected with Hp biofilms.

Control group with blank film: Twenty mice were 
attached on the pre-treated oral mucosa of 
mice with blank films without Hp. Results: Nine 
mice were still alive at the end of the experi-
ment, but no mice were detected with Hp 
biofilms.

Microscopy of biofilm on mouse oral mucosa

The findings of oil microscopy of two mice with 
positive Hp biofilms showed that Hp was woven 
into a mesh and Hp was bent to an O-like type. 

The findings of electron microscopy showed 
that Hp was stacked together showing a screw 
shape (Figures 6, 7).

Discussion

In 1983, Warren and Marshall [13] isolated Hp 
from patients with chronic active gastritis 
through the gastric biopsy. Since then, Hp has 
been confirmed by a large number of studies to 
be a major pathogenic factor of chronic gastri-
tis and peptic ulcer, and an important patho-
genic factor of gastric cancer and gastric muco-
sa-associated lymphoid tissue lymphoma. In 
1989, Krajden et al [2] first isolated and cul-
tured H pylori from the dental plaques in 
patients with gastritis, and speculated that oral 
cavity might be another gathering place of H 
pylori in the human body. Since then, the 
research of oral H pylori has become a hot. In 
1993, Ferguson et al [14] first cultured one 
case of H pylori with viability from nine cases of 
saliva in patients with gastritis. Since then, a 
large number of literatures have reported the 
existence of H pylori in the oral cavity, as well as 
its relationship with gastric H pylori. Inter- 
estingly, there were two different views on the 
source of oral H pylori. In one view, oral H pylori 
believed to be derived from the gastric area; 
oral H pylori were easier systematically eradi-
cated than gastric H pylori; oral H pylori might 
be just the temporary retention of H pylori on 
the way back into the oral cavity [3]. In another 
view, the oral cavity was believed to be the 
source of gastric H pylori; oral H pylori were 
more difficult to be  systematically eradicated 
than gastric H pylori; oral H pylori might be used 
as normal flora in the oral cavity and became 
the sources of infected and re-infected with 
gastric H pylori [15].

Whether Hp first occurred in the stomach, or 
was first colonized in the oral cavity? Whether 
Hp detected in the oral cavity was that back 
into the oral cavity by gastric Hp, or Hp was first 
colonizated in the oral cavity, infected the stom-
ach, and induced the colonization of gastric 
Hp? And whether oral Hp was the origin of gas-
tric Hp recurrence? So far these problems were 
still pended [3-8, 14-19]. It has been reported 
that Hp on the gastric mucosa in part of the 
patients with gastrosis might still relapse after 
eradication therapy, which might be caused by 
residual Hp repeated entering into the stomach 
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and re-colonization on the gastric mucosa. 
Therefore, oral Hp was probably to be a poten-
tial factor of gastric reinfection [16, 17]. There 
were also literatures believed that oral Hp 
might be caused by the shift of gastric bacteria 
due to gastroesophageal reflux [18, 19].

All of the data collected from the literatures 
were derived from specimens of clinical 
patients. There were no data from animal 
experiments of oral Hp that followed Koch’s 
postulates. Therefore, first of all, gastric Hp was 
isolated and cultured with the gastric biopsy 
specimens from clinical informed patients. 
Second, the pure cultures of gastric Hp were 
used to infect the buccal mucosa by artificial 
inducing method. Finally, the formation and 
colonization of Hp biofilm were successfully 
detected on the buccal mucosa of mice. The 
bacterial biofilms referred to that the bacteria 
were bound and adhered to the receptors on 
the epithelial cell surface, and secreted extra-
cellular polysaccharide polymers. The bacteria 
were adherent to each other in a very fine man-
ner, so that the membrane was formed. It could 
play barrier and space-occupying protective 
effects, contribute to the formation and stabili-
ty of the micro-environment within the biofilm. 
This was a necessary step of long-term coloni-
zation of bacteria. The significance of this study 
lied in that the oral cavity was proved to be suit-
able for the growth and colonization of Hp by 
animal experiments, and thus it was speculat-
ed to be the gathering place of oral Hp. The sig-
nificance also lied in that certain conditions 
were necessary to be provided in the artificial 
induction of Hp colonization in the mouse oral 
cavity, namely, the oral mucosal injury and 
micro-aerobic microenvironment existed in the 
oral cavity. It was speculated that the damaged 
mucosa might provide nutrients essential for 
the growth of Hp, and the micro-aerobic micro-
environment was required for the growth of Hp.

One of the keys to the success of this study was 
the use of a strain derived from human Hp. 
They were derived from the pure Hp cultures 
obtained by in vitro isolation and culture of clini-
cal gastric biopsy specimens by the candle jar 
method. This method was simple and mature, 
especially for laboratories with poor conditions. 
Considering the study of mouse model of oral 
Hp was innovative, this study referred to the 
experimental study of mouse model of gastric 
Hp that was relatively mature. Currently, rela-

tively stable animal models of gastric Hp at 
home and abroad [20-23], were accomplished 
by long-term domestication of Hp strains. 
Continuous in vivo infections could alter the 
metabolic activity of Hp and enhance the vitali-
ty of Hp colonization. This study showed that all 
of the used Hp strains were the first generation 
of in vitro cultures of fresh gastric mucosa for 
the Hp biofilm-positive mice. It was hypothe-
sized that this kind of Hp bacteria had strong 
vitality and colonization ability due to its long-
term in vivo domestication in the human stom-
ach. The study found that after several passag-
es in vitro, Hp would appear variations in the 
bacterial morphology and flagella, thereby 
affecting the ability of Hp colonization in the 
oral cavity of mice. By screening the Hp strains, 
we found that the internal environment could 
enhance the vitality of Hp infection. We specu-
lated that Hp with low in vitro motility, if with the 
opportunity to take the lead infection in the oral 
cavity, would be acclimated and enhanced its 
vitality in the oral environment, and thus had 
the opportunity of entering into the stomach 
with foods. After the neutralization of gastric 
acid with foods, Hp was better able to maintain 
the vitality, followed by infection and coloniza-
tion in the gastric mucosa, resulting in gastric 
infection or recurrence of Hp.

The second key issue addressed in this study 
was the exploration of Hp colonization condi-
tions in the mouse oral cavity. Hp was a kind of 
micro-aerobic bacterium with higher nutritional 
requirement. The basic conditions for its in vivo 
colonization included blood nutrients, low oxy-
gen pressure or low Eh, pH 6-8. It was an indis-
putable fact that Hp was colonized in the stom-
ach. However, it was still controversial whether 
Hp was colonized in the oral cavity. Comparing 
the micro-environment of stomach and the oral 
cavity, Hp colonization in the oral cavity was 
critical to create a micro-oxygen environment or 
reduce Eh. Different parts of the human oral 
cavity were differently affected by the local O2 
exposure, aerobic and facultative anaerobic 
mixed infections, and pathological changes of 
tissues, orthodontic and restorative treatment 
and other factors. The partial pressure of oxy-
gen or Eh had been largely changed [24]. The 
normal buccal fold (0.3% O2) and periodontal 
pocket (-50 mV) were sufficient to cause the 
growth of anaerobic bacteria. There were a lot 
of plaques, debris, calculus, food debris and 
inflammatory exudates in the periodontal pock-
ets of patients. These substances provided the 
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suitable temperature, humidity, pH and nutri-
tion environment for Hp colonization in the oral 
cavity. The depth of the periodontal pocket pro-
vided a good micro-ecological environment and 
protective function for the survival of Hp, and 
offered the potential of Hp gathering [25]. In 
this study, the mouse oral mucosa was pre-
treated to be with the nutritional conditions of 
Hp growth. The microhabitat of mouse buccal 
mucosa was changed by using the artificial film. 
A microaerophilic environment suitable for Hp 
growth was created. Consequently, the Hp bio-
film was successfully artificially induced on the 
buccal mucosa in mice. However, only part of 
mice in the experimental group and the control 
group completed the entire process of the 
experiment due to their small bodies, great dif-
ficulties in the operations, and their limited tol-
erance. However, the number of death in three 
groups was similar, indicating that the death of 
mice during the experiment was not directly 
related to the infection with Hp. In this study, 
the oral microhabitats laws and characteristics 
of onset and completion of Hp colonization 
were explored after establishing the animal 
model of Hp infection in the oral cavity; the suc-
cessful establishment of mouse model of oral 
mucosa of Hp colonization provided an animal 
model for the study of human oral Hp, laid an 
experimental basis for further establishment of 
the joint infection of oral Hp and gastric Hp, and 
provided a new research idea for further in vivo 
of reveal the relationship between oral Hp and 
gastric Hp.
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