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ABSTRACT 

Background: Helicobacter pylori pathogenesis results from the inflammation 

induced by chronic infection. CBA mice are non-responsive to gastric Helicobacter 

infection, providing a useful model for examining host regulation of Helicobacter-

induced gastritis. We examined whether gastric Helicobacter non-responsiveness 

impacts upon vaccine efficacy, and whether immune-mediated protection could occur 

in the absence of inflammation. 

Methods: Mice were vaccinated prior to challenge with H. felis or H. pylori. Gastritis 

and H. felis colonization was evaluated histologically. H. pylori colonization was 

quantified by colony-forming assay. 

Results: Immunizations protected CBA mice against challenge with either H. felis or 

H. pylori. Protection against H. felis was marked by a loss of non-responsiveness and 

development of an atrophic gastritis with mucus metaplasia. However vaccine-

induced protection against H. pylori was only associated with cell infiltration into the 

gastric mucosa. 

Conclusions: Non-responsiveness to gastric Helicobacter infection did not interfere 

with vaccination-induced protection. Vaccine-induced protective immunity against H. 

pylori was linked with the induction of cellular infiltration, but importantly not 

atrophic gastritis.  
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INTRODUCTION 

In some individuals, the persistent gastritis caused by infection of the gastric mucosa 

results in the development of Helicobacter pylori-related diseases, including peptic 

ulcer disease and gastric adenocarcinoma [1, 2]. However an estimated 80-85% of H. 

pylori-infected persons do not develop these associated pathologies, despite the 

presence of a bacterial-driven gastritis that lasts many decades. The reasons why some 

infected individuals develop disease while the majority remain asymptomatic  

multifactorial, and includes environmental as well as bacterial virulence factors [3, 4].  

Human host genetic factors are also clearly linked to the susceptibility to 

Helicobacter-associated pathologies, in particular regulators of host immunity, and 

the pro-inflammatory cytokine IL-1ß [5]. The influence of host genetics on 

Helicobacter disease susceptibility was first demonstrated in mice, when it was shown 

that gastritis severity varied in inbred mouse strains infected with identical strains of 

bacteria. While C57BL/6, C3H/He, DBA/2 and SJL mice were responsive to the 

highly inflammatory gastric helicobacter, H. felis, others (BALB/c and CBA/Ca) 

developed no significant inflammation [6, 7]. Variability between mouse strains thus 

provides a useful tool for the study of host response in Helicobacter pathogenesis. 

Further studies revealed that the non-responsiveness of CBA mice also applies to H. 

pylori infection, is dominantly inherited (the phenotype was passed on to 100% of 

offspring when crossed with three different responsive parents) and is associated with 

the production of IL-10 [8, 9]. The finding that this is a dominant trait indicates an 

active immunoregulatory process, rather than an immune defect, is responsible for the 

lack of gastritis observed in Helicobacter infected CBA mice. 

While vaccinations against H. pylori can provide some reduction in colonization in 

mice, reliable vaccine-mediated sterilizing immunity remains elusive, as does a 
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complete understanding of the mechanism by which vaccinations reduce H. pylori 

colonization levels [10]. Significantly, immune-mediated protection against 

Helicobacter infection may be linked with the development of an exacerbated gastritis 

[11-13].  

We have used the Helicobacter non-responder CBA mouse model to pose some key 

questions. First, to evaluate whether a host that is poorly responsive to Helicobacter 

infection has a defective vaccine-mediated protective immune response. Second, 

given the non-responsive nature of CBA mice, whether we could induce vaccine-

mediated protection in the absence of gastric inflammation. Finally, whether H. pylori 

vaccination would impact upon the minimal Helicobacter-induced gastritis present in 

a resistant host.  

 

MATERIALS AND METHODS 

Animals 

Mice used in these studies were age-matched females obtained from the Walter and 

Eliza Hall Institute, Melbourne, or the Animal Resources Centre, Perth, Australia. All 

animal experiments were approved by University Animal Ethics Committee. 

Immunization 

Helicobacter lysates were prepared from H. felis strain CS1 [14], and H. pylori 

strain SS1 [15], as previously described [16, 17], protein content determined using the 

DC protein assay (BioRad, Regents Park, Australia) and then stored at -70˚C. Mice 

were immunized orogastrically with 4 weekly doses of 100 µL of PBS containing 1 

mg of Helicobacter whole cell lysate adjuvanted with 10 µg cholera toxin (CT; Sigma 

Chemical Co., St Louis, MO.).  
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Four weeks after the last dose, mice were challenged with live bacteria. 

Helicobacter cultures were harvested and suspended in BHI and the final 

concentration adjusted to 109 bacteria/mL. Mice were inoculated intragastrically once 

with 0.1 mL of bacterial suspension (108 bacteria).  

Four weeks after challenge, stomachs were opened along the inner curvature and 

then divided into two halves. One half was fixed in neutral buffered formalin for 

histological assessment of gastritis and H. felis colonization where relevant. In the H. 

pylori experiment, the other half was used to quantify bacterial levels by colony-

forming assay. 

Histological assessment of gastritis 

For assessment of gastric histopathology, blinded sections comprising strips of 

gastric tissue from the forestomach limiting ridge through the body to the antrum 

were stained with hematoxylin and eosin. Gastric inflammation was graded on the 

basis of cellular infiltrate (from 0-6) and mucus metaplasia and atrophy (from 0-3) as 

described in detail previously [18].  

Quantification of Helicobacter colonization 

For H. felis, fixed stomachs were embedded in paraffin, and 4 m thick sections cut 

and stained by the modified Steiner silver method before quantification of bacterial 

colonization by histological assessment, as described previously [9]. H. pylori 

colonization levels were quantified by standard colony-forming assay [16]. 

 

 

Statistics 
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Statistical analyses were performed using the Statistical Package for the Social 

Sciences software, version 21.0. Differences in H. felis colonisation and gastric 

histopathology were assessed for significance by non-parametric Mann-Whitney (M-

W) analysis. Differences in H. pylori colonisation was analysed by One-way ANOVA 

on log-transformed data.   

 

RESULTS 

Immunization of CBA mice confers protection against Helicobacter felis and 

overcomes non-responsiveness to infection 

In two separate experiments, CBA mice were vaccinated against H. felis. In the first, 

CBA mice were compared with C57BL/6 mice as a control responder strain known to 

be protected by vaccinations and which develops gastritis when infected. The second 

study also included C3H/He mice as an extra control, also responsive to Helicobacter 

infection despite being MHC-identical to CBA mice. For both experiments, mice 

were immunized with H. felis lysate antigen plus CT adjuvant, while controls were 

sham vaccinated with antigen alone. Mice were subsequently challenged with H. felis 

before removal of stomachs for histological assessment of bacterial colonization and 

gastric pathology. 

As expected, control CBA mice were non-responsive to H. felis, demonstrating a 

high level of infection but no evidence of gastritis (Figure 1). In both studies, 

immunization of CBA mice induced a significant protection against H. felis challenge 

that was equivalent to the control strains, despite the former’s inherent non-

responsiveness to gastric Helicobacter infection (Figure 1). However, this induction 

of protective immunity abrogated the non-responsive phenotype of these CBA mice, 

which presented with a typical gastric inflammation, including cellular infiltration, 
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mucus metaplasia and atrophy (Figure 1). Typical examples of the inflammatory 

response generated in these mice are shown in Figure 2.  

The increased severity of gastritis evident in the stomachs of C57BL/6 mice (Figure 

1) was a classic example of the documented phenomenon of post-immunization 

gastritis where immunization exacerbates gastritis following subsequent bacterial 

challenge [11, 12]. 

Immunization of CBA mice confers protection against Helicobacter pylori and 

induces cellular infiltration 

We next evaluated whether the same effect occurred with H. pylori. As for H. felis, 

vaccination of CBA mice induced significant protection against subsequent H. pylori 

challenge, similar to that induced in C57BL/6 mice (Figure 3a). This vaccine-

mediated protection in CBA mice was associated with a low level infiltration of 

immune cells into the gastric mucosa that was absent in the unvaccinated, infected 

controls. (Figure 3b). However, apart from this cell infiltrate, there was no evidence 

of pathological gastritis as marked by mucus metaplasia or atrophy in either the CBA 

or C57BL/6 mice (Figures 3c,d). 

 

DISCUSSION 

It was first reported by Ermak et al. that effective prophylactic immunization against 

Helicobacter infection can result in an exacerbation of gastritis [11]. While this 

exacerbation could be removed by the antimicrobial eradication of residual bacteria 

[11] and was later shown to be a transient phenomenon [12], it raised the possibility 

that protective immunity may be intrinsically linked with severe inflammation. As 

gastritis is the key etiological factor in H. pylori pathogenesis, any potential 

association between vaccine-induced protection and inflammation is important. 
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We have used the CBA mouse as a model to evaluate the potential association 

between protective immunity and Helicobacter–induced gastritis, from a baseline of 

zero inflammation. Unlike other strains, CBA mice do not develop gastritis when 

infected with either H. felis or H. pylori, a dominantly inherited phenotype associated 

with production of the immunoregulatory cytokine, IL-10 [6, 8, 9]. BALB/c mice 

have also been described as minimal or non-responders due to their low inflammatory 

response to gastric Helicobacter infection [6, 7]. However, unlike CBA mice, the poor 

response of BALB/c mice is not dominantly inherited and an intermediate phenotype 

develops when they are crossed with C57BL/6 mice [19]. Hence the CBA mouse is 

probably the most un-responsive animal to gastric Helicobacter infection yet 

identified.  

In this current study we have shown that the dominant non-responsiveness of CBA 

mice to Helicobacter infection in no way interferes with their ability to mount a 

protective immune response when vaccinated. In all three experiments presented in 

this study, the level of vaccine-induced protection achieved in CBA mice was similar 

to those of control responder strains of mice. This provides reassurance that individual 

variations in the host response to infection may not impact on the efficacy of a H. 

pylori vaccine if one were developed for humans.  

A notable consequence of inducing protective immunity in the CBA mouse was a 

loss of their non-responsiveness. In the case of H. felis this involved a marked cellular 

infiltration into the gastric mucosa plus the development of severe mucus metaplasia 

and atrophy in most vaccinated/challenged CBA mice (Figures 1 and 2). This gastritis 

development in vaccinated CBA mice appeared effectively the same as the post-

immunization gastritis reported in C57BL/6 mice [11]. This is only a short-term effect 

in C57BL/6 mice with the difference disappearing by 3 months post-challenge [12], 
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and we believe vaccinations induce a memory response that accelerates the initial 

development of gastritis upon subsequent Helicobacter challenge. There was no 

significant difference in gastritis between vaccinated CBA and C57BL/6 mice at one 

month post-challenge in this study. While we have not done longer term studies, we 

would predict that the post-immunization gastritis in CBA mice, as reported with 

C57BL/6 mice [12], would disappear over time. 

With H. pylori however, there was no development of markers of severe gastric 

pathology, namely mucus metaplasia and atrophy, although a low level cellular 

infiltration did occur (Figure 3). This was also true for C57BL/6 mice in the H. pylori 

experiment reported here, although this has not always been the case in other studies 

[20]. Hence while severe post-immunization atrophic gastritis can be a feature of a 

protective immune response to H. pylori vaccination, it doesn’t appear to be essential 

for the induction of protection. The appearance of cellular infiltration in the gastric 

mucosa of vaccinated but not unvaccinated, infected CBA mice is perhaps 

unsurprising, given any vaccine would be expected to induce an acquired immune 

response with the migration of immune cells into sites of active infection. Indeed, 

protective immunity against H. pylori is known to require a CD4+ T-cell response, 

possibly involving Th17 cells [21, 22]. 

In conclusion, the vaccine-mediated induction of protective immunity against H. 

pylori was possible with no pathological gastritis and only a mild cell infiltration into 

the gastric mucosa. Most importantly, the successful immunization of CBA mice, the 

most non-responsive animal model available, suggests that the host response is 

unlikely to interfere with the development of a vaccine-induced protective immune 

response. 
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FIGURE LEGENDS 

FIGURE 1: Gastritis in immunized non-responder CBA mice, following 

challenge with Helicobacter felis  

Mice were dosed with either H. felis lysate alone (Con) or H. felis lysate plus CT 

adjuvant (Vacc) before challenge with live H. felis. The effect of immunization on 

bacterial colonization and gastric pathology were assessed by histology. Data points 

show values for individual mice with bars representing group medians. P values show 

significant differences between vaccinated and control groups (M-W). 

 

FIGURE 2: Gastric morphology in immunized mice, challenged with H. felis 

Non-immunized and immunized mice were challenged with H. felis and gastric 

pathology assessed 4 weeks post-infection. Images shown are gastric sections all 

taken under low power (x10 objective).  

(A) An unimmunized, infected C57BL/6 mouse demonstrating a moderate cellular 

infiltration (CI) but no atrophy or mucus metaplasia.  

(B) An immunized infected C57BL/6 mouse, with post-immunization gastritis marked 

by more severe CI, the loss of parietal cells and the development of mucus metaplasia 

(MM). A slightly reduced image is presented, in order to fit in the entire inflamed 

mucosa. 

(C) An unimmunized, H. felis infected CBA mouse with normal morphology, 

indistinguishable from gastric tissues of uninfected mice (not shown).  

(D) An immunized, H. felis infected CBA mouse with severe gastritis, including 

cellular infiltrate, severe mucus metaplasia and atrophy. 
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FIGURE 3: Gastritis in immunized non-responder CBA mice, following 

challenge with Helicobacter pylori  

Mice were dosed with either PBS alone (Con) or H. pylori lysate plus CT adjuvant 

(Vacc) before challenge with live H. pylori. The effect of immunization on bacterial 

colonization was assessed by colony-forming assay and on gastric pathology by 

histology. Data points show values for individual mice with bars representing group 

medians. P values show significant differences between vaccinated and control groups 

(a, ANOVA; b, M-W). 
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