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A better method for confi rming Helicobacter 
pylori infection in Mongolian gerbils

CHAO-HUNG KUO
1,2,3, HUANG-MING HU

1, PEI-YUN TSAI
4, SHEAU-FANG YANG

5, LIN-LI CHANG
6, JAW-YUAN WANG

3,7, 
ANGELA CHEN

8,9, CHANG-MING JAN
2,3, WEN-MING WANG

2,3, and DENG-CHYANG WU
2,3,9

1 Division of Internal Medicine, Kaohsiung Municipal Hsiao-Kang Hospital, Kaohsiung, Taiwan
2 Division of Gastroenterology, Department of Internal Medicine, Kaohsiung Medical University Hospital, 100 Tz-You 1st Road Kaohsiung 
807, Taiwan
3 Department of Medicine, Faculty of Medicine, College of Medicine, Kaohsiung Medical University, Taiwan
4 Department of Nursing, Kaohsiung Municipal Hsiao-Kang Hospital, Kaohsiung, Taiwan
5 Department of Pathology, Kaohsiung Medical University Chung-Ho Memorial Hospital, Kaohsiung, Taiwan
6 Department of Microbiology, Kaohsiung Medical University, Kaohsiung, Taiwan
7 Division of Gastrointestinal Surgery, Department of Surgery, Kaohsiung Medical University Hospital, Kaohsiung, Taiwan
8 Institute of Biomedical Sciences, National Sun Yat-Sen University, Kaohsiung, Taiwan
9 National Sun Yat-Sen University–Kaohsiung Medical University Joint Center, Kaohsiung, Taiwan

Background. Our aim was to evaluate the accuracy of 
the stool antigen test and the optimal time point for 
detecting Helicobacter pylori infection in a Mongolian 
gerbil model. Methods. We inoculated 8-week-old 
Mongolian gerbils with H. pylori (Vac A (+)/CagA(+)). 
The gerbil-infected model was developed as follows: H. 
pylori was put into broth (about 109 CFU/ml), and 50 
gerbils were then fed with 1 ml intragastrically twice 
within a 3-day interval. Another ten gerbils were fed 
broth only. Twenty-six weeks after the inoculation, the 
gerbils were killed. The gastric mucosa was sampled for 
a series of examinations including culture, histology, 
rapid urease test, and polymerase chain reaction. Stool 
samples for a stool antigen test, H. pylori-specifi c stool 
antigen assay (HpSA), were collected during weeks 4, 
6, 8, 12, and 26 after inoculation. Of the 50 gerbils inocu-
lated with H. pylori, the inoculation was successful in 
88%. Severe active gastritis, ulceration, and intestinal 
metaplasia were obvious. Results. The HpSA test results 
were sensitivity, 88.6%; specifi city, 100%; positive pre-
dictive value (PPV), 100%; negative predictive value 
(NPV), 54.5%, and accuracy, 90%. The HpSA test began 
to be more sensitive and accurate (P < 0.05) beginning 
during week 6 after inoculation. We also found that H. 
pylori could be detected earlier and more easily in the 
group with high H. pylori density. Conclusions. HpSA 
seems to be suitable for confi rming colonization of 
gerbils with H. pylori. The optimal testing time point is 
around 6 weeks after inoculation. This test is a good 
choice for long-term observation of H. pylori infection 
in Mongolian gerbils.
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Introduction

Since Warren and Marshall1 succeeded in detecting a 
Gram-negative bacillus in human gastric mucosa in 
1983, the role of Helicobacter pylori infection in gastric 
disorders has been well demonstrated. It is also well 
known that a small population of H. pylori-infected 
people develop gastric cancers. Studies2–4 published in 
1991 showed higher anti-H. pylori titers in patients with 
gastric cancer than in controls. A Working Group of the 
World Health Organization International Agency for 
Research on Cancer concluded in 1994 that H. pylori is 
a group I carcinogen in humans.

Gastric cancer is known to be a multifactorial disease;5 
therefore, genetic factors and environmental factors 
other than H. pylori can complicate the elucidation of 
the association between H. pylori infection and gastric 
cancer. The pathogenic mechanisms leading from 
chronic active infl ammation of the gastric mucosa to the 
development of cancer remain poorly understood. This 
makes it logical to use animal models to understand the 
basis of gastric disorders.

Animals used for studying experimental H. pylori 
infection6 have included monkeys, dogs, piglets, domes-
tic cats, and rodents.7–15 These models are not optimal, 
because they cannot be handled with ease or in large 
numbers, germ-free conditions must be used, or infec-
tion rates are rather low.

Published results about H. pylori infection in Mongo-
lian gerbils appear promising. Naturally acquired gastri-
tis among gerbils is rare.16 Furthermore, natural infection 
of gerbils with Helicobacter species apparently does not 
occur.17,18 These points suggest that Mongolian gerbils 
may be suitable for studying experimental H. pylori 
infection. Several experiments conducted in Japan 
have demonstrated that chronic H. pylori infection in 
Mongolian gerbils leads to the development of gastric 
carcinoma.19–21
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Previously used H. pylori animal models have gener-
ally been used in small-scale experiments because they 
are expensive and time-consuming to care for, and some 
require special facilities. Furthermore, previous studies 
almost always used invasive tests to determine whether 
the inoculation was a success, requiring, regrettably, the 
animals to be killed, so large numbers of animals were 
needed for the research. Finding a reliable noninvasive 
method in the gerbil model of H. pylori infection is 
therefore appropriate.

Accordingly, various noninvasive tests that are useful 
and accurate in detection of H. pylori infection in 
gerbils were evaluated. Previous studies cited many 
kinds of noninvasive tests developed for detecting H. 
pylori infection in humans. These include the urea 
breathing test (13C-UBT),22 the H. pylori-specifi c stool 
antigen assay (HpSA),23 the RapidRun (urine-
sampling) test,24 and serological tests.25 Little informa-
tion is available, however, regarding noninvasive tests 
in a gerbil model.

The aim of our study was to evaluate the accuracy of 
the stool antigen test for detecting H. pylori infection in 
Mongolian gerbils.

Materials and methods

Animals and housing

Eight-week-old gerbils with body weight of 30–40 g 
were purchased from the Kaohsiung Medical University 
Experimental Animals Center, Kaohsiung, Taiwan. Ini-
tially, four to fi ve gerbils were housed per cage and 
maintained under standard laboratory conditions (room 
temperature, 23°–26°C; relative humidity, 55%–65%; 
12/12-h light/dark cycle) with free access to a commer-
cial rodent diet and tap water. However, by week 26 of 
testing, there was only one gerbil in each cage.

Helicobacter pylori inoculation

The H. pylori colony used in this study had been 
isolated from a patient with gastric ulcer. The strain 
produced vacuolating cytotoxin and contained the cyto-
toxin-associated gene (cagA). It was cultured on blood 
agar at 37°C under microaerobic conditions for 4 days, 
harvested, and then incubated in brucella broth (DIFCO 
Laboratories, Detroit, MI, USA) with 10% horse serum 
for 24 h. The inoculum size was adjusted with sterile 
saline to produce McFarland 4 optical density at 540 nm. 
First, fi ve gerbils were inoculated with the above strain. 
These were killed 4 weeks later, and their gastric mucosa 
was collected for culture as per the above procedure. 
This harvested colony was used for inoculation of the 
other gerbils.

Fifty Mongolian gerbils were challenged with 109 
colony-forming units (CFU) of H. pylori in 1.0 ml of 
brucella broth by intragastric gavage after being fasted 
for 24 h. They were then fed with chow (Oriental Yeast, 
Tokyo, Japan) and water, beginning 12 h after H. pylori 
inoculation. The gerbils were fed twice within a 3-day 
interval. During this period, ten gerbils were fed only 
with 1.0 ml of brucella broth as uninfected controls.

Diagnostic tests of H. pylori infection

The gerbils were killed at 26 weeks after inoculation. 
The gastric mucosa was examined by the following tests: 
culture, histology, rapid urease test (ProntoDry test),25 
and polymerase chain reaction (PCR). Gerbil stool 
samples were collected during weeks 4, 6, 8, 12, and 26 
after inoculation and used for HpSA testing.

One set of mucosal specimens was used for culturing 
of H. pylori, which was done by rubbing them on the 
surface of a Campy-BAP agar plate [Brucella agar 
(Difco) + IsoVitalex (Gibco) + 10% whole sheep blood], 
which was then incubated at 35°C under microaerobic 
conditions (5% O2, 10% CO2, and 85% N2) for 4–5 days. 
The culture of H. pylori was considered positive if one 
or more colonies of Gram-negative, oxidase (+), cata-
lase (+), and urease (+) spirals or curved rods were 
present.

A biopsy-based ProntoDry test (Medical Instruments, 
Solothurn, Switzerland) was performed on another set 
of specimens. The results of the ProntoDry test were 
interpreted as positive if the color of the gel changed 
from yellow to pink or red within 24 h at room 
temperature.

A third set of specimens was examined histologically. 
The specimens were fi xed in formalin, embedded in par-
affi n, and stained with hematoxylin and eosin. An expe-
rienced pathologist (who was blinded to the experiment) 
examined the results of the assessed biopsy specimens. 
Density of H. pylori in the tissue was graded as normal 
(0), mild (1), moderate (2), or severe (3), based on the 
Sydney system.26 Gastritis was graded as normal, mild, 
moderate, or severe, also based on the Sydney system. 
Histopathologic lesions of the glandular stomach were 
categorized as (1) active chronic gastritis (characterized 
by severe infl ammatory cell infi ltration and multiple 
lymphoid follicle formation throughout the pyloric 
region and part of the fundic region); (2) ulcer; (3) 
regenerative hyperplasia; (4) invagination of glands into 
the submucosa; (5) hyperplastic polyp; (6) intestinal 
metaplasia (diagnosed by the presence of goblet cells 
that were positive for Alcian blue/high-iron diamine 
staining); and (7) adenocarcinoma.

The cagA PCR fragment was obtained from the 
fourth set of specimens with the following primers 
5′-GATATAGCCACTACCACCACCG-3′ and 5′-GGA
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AATCTTTAATCTCAGTTCGG-3′. The vacA PCR 
fragment was obtained with the primers 5′-AGTAA
CAGACTCATAT-3′ (nt 1708–1725) and 5′-AAGCTT
GATTGATCACTCC-3′ (nt 4134–4116) for 35 amplifi -
cation cycles of 94°C for 1 min, 41°C for 2 min, and 72°C 
for 2 min.

Stool samples were stored at −20°C until required for 
use and independently tested by a private laboratory. 
The investigators were blinded to the results of the 
other H. pylori tests. The stool specimens were analyzed 
for H. pylori antigen using an HpSA immunoassay 
as described by its manufacturer. A commercial kit, 
Premier platinum HpSA (Meridian Diagnostic, Cincin-
nati, Ohio, USA) was used. A portion of the fecal sample 
was mixed with 200 µl of the sample diluents. One drop 
of enzyme conjugates was added to the microwells, 
which were incubated for 1 h at room temperature and 
washed fi ve times. The reaction was terminated with 
one drop of stool solution, and the results were read 
by spectrophotometry. An absorbance (450/630) of 
0.160 was considered positive as recommended by the 
manufacturer.

Confi rmation of H. pylori infection

Helicobacter pylori infection was confi rmed when the 
culture was positive, or when two of the following three 
tests were positive: histology, PCR, and the ProntoDry 
test.

Statistical analysis

The sensitivity, specifi city, and positive and negative 
predictive values were measured. A χ-squared test was 
used to compare these results. Statistical signifi cance 
was defi ned as P < 0.05.

Results

Fifty gerbils were inoculated with H. pylori. The success 
rate of inoculation was 88% (44/50). All ten gerbils in 
the control group showed a negative result. Twenty-fi ve 
gerbils showed a positive result in the culture test. Its 
sensitivity and specifi city were 56.8% (25/44) and 100% 
(16/16). Thirty-nine gerbils showed a positive result on 
histological examination. Its sensitivity and specifi city 
were 81.8% (36/44) and 81.3% (13/16). Forty-two gerbils 
showed a positive result on PCR. Its sensitivity and 
specifi city were 93.2% (41/44) and 93.8% (15/16). Forty-
one gerbils showed a positive result in the ProntoDry 
test. Its sensitivity and specifi city were 88.6% (39/44) 
and 87.5% (14/16).

The histological fi ndings of the gerbil gastric mucosa 
are shown in Fig. 1 and listed in Table 1. In our study, 
gastric ulcer, atrophic gastritis, and focal intestinal 
metaplasia began to develop 5–6 months after H. pylori 
inoculation. Epithelial hyperplasia occurred, and intes-
tinal metaplasia was observed in the mucosa of the 

A B

Fig. 1A,B. Active chronic gastritis 
observed in Mongolian gerbils 26 weeks 
after Helicobacter pylori inoculation. The 
gastritis is characterized by severe neutro-
phil and mononuclear cell infi ltration in 
both the mucosa and submucosa (hema-
toxylin and eosin; original magnifi cation, 
A 65×, B 130×)

Table 1. Histological fi ndings of gerbils at 26 weeks after inoculation

Active chronic 
gastritis (%) Ulcer (%)

Density of H. pylori (%)
Intestinal 

metaplasia (%)0 1 2 3

26 weeks
 Control (n = 10)  0  0 100  0  0  0  0
 Inoculated (n = 50) 88 80  12 16 20 52 62

The gastric mucosa in gerbils did not show obvious damage in the control group, but gerbils showed obvious mucosal changes 26 weeks after 
inoculation. All 44 successfully infected gerbils showed active chronic gastritis. Intestinal metaplasia and ulcer were also found. Density of H. 
pylori was low in 36% (18/50) of gerbils and high in 52% (26/50)
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pyloric region, especially in the area close to the ulcer. 
The severity of active gastritis, ulcer, and intestinal 
metaplasia were obvious by 26 weeks after inoculation 
(Fig. 2). No evidence of cancer was found at this time 
point. Five gerbils gave false-negative results by the his-
tological method, so we asked our pathologists to review 
more specimens blindly and confi rmed the density 
results. All fi ve gerbils were classifi ed as with grade 1 
density. Of the successfully inoculated gerbils, 36% 
(18/50) showed a low density of H. pylori and 52% 
(26/50) showed a high density.

The results of the HpSA test of specimens collected 
at different time point groups are shown in Fig. 3. The 
fi nal sensitivity and specifi city values were 88.6% and 
100%. The positive and negative predictive values were 

100% and 54.5%, respectively. The accuracy of the 
HpSA test was 88%. These results were acceptable and 
similar to results in humans.23

When we compared the results among groups col-
lected at different time points, we found that the accu-
racy rates were signifi cantly different (54% vs. 84%, 
P < 0.05) between the week 4 and week 6 groups. 
We found similar differences in sensitivity (47.7% vs. 
81.8%). The accuracy and sensitivity tended to become 
higher as the time since inoculation increased, but no 
signifi cant difference was found among the week 6, 8, 
12, and 26 groups.

We divided the gerbils into two groups according to 
the density of H. pylori. The fi nal accuracy rates of the 
HpSA test in the low- and high-H. pylori density gerbils 
were 77.7% and 96.2%, respectively, which showed a 
signifi cant difference (P < 0.05) (Fig. 4). An obvious dif-
ference in accuracy between the two groups was noted 
from the sixth week. There seemed to be a trend of the 

A B

Fig. 2A,B. Ulcer and intestinal metapla-
sia were observed in Mongolian gerbils 26 
weeks after H. pylori inoculation. The 
normal mucosal architecture was almost 
completely lost. Ulcer (A) and intestinal 
metaplasia (B) were observed (hematox-
ylin and eosin; original magnifi cation, 
A 65×, B 130×)

Fig. 3. Results of the H. pylori-specifi c stool antigen assay 
(HpSA) test among samples collected at different time points. 
The fi nal results of HpSA test were sensitivity, 88.6%); speci-
fi city, 100%; positive predictive value (PPV), 100%; negative 
predictive value (NPV), 54.5%; and accuracy, 88%. The week 
4 group showed signifi cantly lower sensitivity and accuracy 
than the other groups (P < 0.005)

Fig. 4. Results of the HpSA test comparing different density 
groups of H. pylori. The fi nal accuracy rates of the HpSA test 
in low- and high-H. pylori density gerbils were 77.7% and 
96.2%, respectively, a signifi cant difference (P < 0.05). Obvi-
ously different levels of accuracy were noted beginning the 
sixth week
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accuracy becoming higher with increasing time after 
inoculation in the high-density group, but no similar 
trend was observed in the low-density group.

We traced the results of the HpSA test in all gerbils 
and found that no gerbil exhibited a change from posi-
tive to negative. Thus, there was no spontaneous eradi-
cation of H. pylori in infected gerbils.

Discussion

In our study, the severity of active gastritis, ulcer, and 
intestinal metaplasia symptoms were obvious 26 weeks 
after inoculation. This demonstrated that H. pylori 
infection was chronic in our gerbil model, and the 
success rate was high (88%).

Our study showed signifi cantly less sensitive results 
in the week 4 group than in the other groups, which is 
similar to results observed in humans.24 Although the 
rate of accuracy seemed to become higher as the period 
after inoculation increased, the differences were not 
signifi cant between the week 6, 8, 12, and 26 groups. 
According to the above fi ndings, we suggest that the 
optimal time point for confi rming colonization of H. 
pylori in gerbils is 6 weeks after inoculation. Because 
the accuracy and sensitivity are still higher at later 
periods, a second test should be performed if a negative 
result is obtained the fi rst time.

In a previous study using a BALB/c mice model,27 
HpSA also yielded results with high accuracy (94.6 %) 
in a mouse model, but the cutoff value used was higher 
(0.20), and the optimal testing time point indicated by 
the data was 7 days after inoculation, which is earlier 
than that indicated by our data. The differences might 
refl ect differences in the intestinal fl ora between gerbils 
and mice. Another possible explanation might be that 
H. pylori needs a longer period to colonize a gerbil’s 
stomach. Moreover, this mouse study did not discuss the 
infl uence of H. pylori density on the HpSA results.

We found no spontaneous eradication of H. pylori in 
gerbils during this period, perhaps because the Mongo-
lian gerbil is very suitable for H. pylori to colonize. On 
the other hand, this result might be related to the H. 
pylori colony that we used. This strain was cultured from 
the mucosa of H. pylori-fed gerbils collected 8 weeks 
after inoculation.

The detection methods currently used in animal 
models rely on a combination of culture, histological 
examination, detection of specifi c antibodies, and rapid 
urease-based assays.28–31 All of these techniques have 
some disadvantages. Culturing of these fastidious, slow-
growing organisms is often diffi cult because they require 
a rich medium and special culture conditions. The urease 
assay as a Helicobacter detection method has a limit of 
detection of 106 cells per assay.32 Similarities in morphol-

ogy between Helicobacter spp. and other spiral-shaped 
bacteria can lead to misinterpretations in histological 
examination.31,32 Although PCR is a very powerful tech-
nique in terms of sensitivity and specifi city, it is of limited 
use for accurate quantifi cation.32,33 Moreover, all of 
these techniques also have the same disadvantage that 
the gerbils must be killed. The stool-based test does not 
necessitate that the gerbils be killed, so it can be repeated 
in the same gerbil, and infected gerbils can be observed 
for a longer period. This is very important when survey-
ing for gastric carcinogenesis because the survey is 
usually very time-consuming.

The more frequently used noninvasive tests in humans 
are 13C-UBT and serological tests because they are con-
venient and safe. We compared the HpSA and 13C-UBT 
tests (unpublished data). Our data showed that HpSA 
had a higher sensitivity than 13C-UBT, in contrast to 
reports on human populations. This discrepancy may be 
because we did not have an accurate cutoff value of 
13C-UBT in gerbils and because of the diffi culty in col-
lecting samples from gerbils. A common drawback of 
serological analysis is that it measures antibodies to H. 
pylori, which persist long after the bacterium is eradi-
cated (by antibiotics), making it possibly unsuitable for 
surveying the effect of eradicating H. pylori on patho-
genesis in gerbil stomachs. The stool antigen test is suit-
able, however, for such studies, because it is able to 
detect current infection. Therefore, we choose a stool-
based test as a noninvasive test for gerbils.

There are also limitations to HpSA in collecting 
samples. We were unable to determine the timing of 
gerbil defecation exactly. Sensitivity and accuracy also 
decreased if the stool sample was stored for more than 
4–6 h after defecation.23 Thus, stool samples were usually 
collected every 4–6 h to overcome these limitations. 
Also, mouse-chowing might interfere with the HpSA 
result.23 In addition, there is no well-known cutoff value 
for HpSA in gerbils. In our study, we used the cutoff 
value of 0.16 as recommended by the manufacturer, 
which might be a limitation of this study. The amount of 
H. pylori’s antigen in a gerbil’s stool might be less than 
in human. So the cutoff value might need to be modi-
fi ed. In one study using BALB/c mice models,27 the 
HpSA cutoff value was set at 0.20. In further studies, 
one goal might be to survey the optimal HpSA cutoff 
value in the gerbil model.

In addition, we also obtained less accurate results in 
the low-density group. About 40% of infected gerbils 
belonged to the low-density group. This might infl uence 
the results of HpSA testing and be a possible source of 
bias.

In summary, stable and reliable H. pylori infection 
was established in a Mongolian gerbil model by inocula-
tion with recultured H. pylori obtained from infected 
gerbils. The HpSA test was found to be sensitive and 
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accurate in H. pylori-infected gerbils. The optimal timing 
for detecting H. pylori infection is around 6 weeks after 
inoculation. This technique is suitable for long-term 
studies of gastric carcinogenesis and avoids the need to 
kill many gerbils. Accordingly, this stool antigen test 
may be a reliable and economical method for confi rm-
ing H. pylori infection in gerbils.
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