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Helicobacter pylori infection of the gastric mucosa is a significant cause of morbidity and mortality because
of its etiologic role in symptomatic gastritis, peptic ulcer disease, and gastric adenocarcinoma. Infection occurs
in young children; therefore, a prophylactic vaccine would have to be administered within the first year of life,
a period thought to be immunologically privileged. We investigated vaccine formulations administered by
different routes to confer protective anti-H. pylori immunity in neonatal mice. Neonatal mice immunized with
a single dose of vaccine in complete Freund’s adjuvant (CFA) generated antigen-specific gamma interferon-,
interleukin-2 (IL-2)-, IL-4-, and IL-5-secreting T cells in numbers similar to those in immunized adult mice,
while vaccine administered to neonates in incomplete Freund’s adjuvant (IFA) induced such cells in reduced
numbers compared to those in adult mice. Both IFA and CFA, however, provided partial protection from a
challenge with infectious H. pylori when the vaccine was administered subcutaneously. Neonatal immunized
mice also had reduced bacterial loads when immunized intraperitoneally with CFA. In all cases, protection was
equivalent to that achieved when adult counterparts were immunized. These studies suggest that an efficacious
vaccine might be successfully administered to very young children to prevent perinatal infection of H. pylori.

The neonatal period is thought to predispose infants to
immune tolerance because the first wave of negative selection
of autoreactive T cells occurs at this time (6). This is when the
immune system also learns not to respond to ubiquitous envi-
ronmental antigens. Early exposure in life to infectious agents
can also lead to tolerance, resulting in the inability of adults to
clear the infection (8).

Immunization of neonatal mice has also historically been
associated with the induction of immune tolerance (neonatal
tolerance) to injected antigen (6). However, it has been dem-
onstrated that immunization of neonates under appropriate
conditions can result in the induction of pronounced and long-
lasting antigen-specific immune responses (2, 4, 5, 12, 17, 31,
33, 34). Most of these studies have primarily focused on anti-
body responses, CTL activity, and cytokine profiles of activated
T cells. However, some laboratories have employed models of
neonatal immunization for the induction of protective immu-
nity to an infectious challenge (17, 33, 34).

Although human infants generate strong Th-1 responses
following bacillus Calmette-Guérin vaccination (22, 37) and
some childhood vaccines are administered as early as 2 months
of age, with the exception of a recent report employing a
mouse model of Bordetella pertussis infection (32), few studies
have addressed the protective efficacy of neonatal immuniza-
tion against bacterial pathogens. The bacterium Helicobacter
pylori is a ubiquitous gastric pathogen in most of the world and
in developing nations in particular. Essentially everyone in-
fected with H. pylori develops histologic gastritis (9), but many

infected individuals also develop chronic gastric diseases such
as symptomatic gastritis, peptic ulcer disease, and gastric ade-
nocarcinoma (11, 23, 26, 29, 30, 38). Although these afflictions
typically manifest themselves in adults, recent studies have
demonstrated that infection occurs within the first 5 years of
life and often within the first year (18, 27, 35, 36, 39). The
ability of H. pylori to persist in the gastric mucosa may be due
to the induction of neonatal immune tolerance. In any event, a
successful vaccine for H. pylori would need to be administered
very early in life, prior to initial natural exposure in a manner
capable of inducing protective immunity.

Most Helicobacter vaccine strategies have employed mucosal
vaccination. We and others, however, have demonstrated that
protective immunity to chronic infection can be induced in
adult mice by systemic immunization (14–16, 40). Protection
could be achieved by the induction of either a Th2 or a Th1
cytokine-mediated immune response as generated through the
use of aluminum hydroxide (alum) and complete Freund’s
adjuvant (CFA), respectively (14).

The aims of this study were to determine if protective im-
munity can be achieved by systemic vaccination of neonatal
mice and to characterize the immune response with regard to
T-cell cytokine signatures. We demonstrate that while immu-
nization of adult mice results in frequencies of H. pylori-spe-
cific cytokine-producing memory T cells greater than those in
similarly immunized neonates, significant bacterial load reduc-
tions can be induced in neonates with both type 1 and 2 po-
larizing adjuvants.

MATERIALS AND METHODS

Mice. C57BL/6 mice were purchased from The Jackson Laboratory (Bar
Harbor, Maine) and then bred and raised at Case Western Reserve University
under specific-pathogen-free conditions in microisolator units. The Case West-
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ern Reserve University animal facility is fully accredited by the American Asso-
ciation for Accreditation of Animal Care.

Bacteria. H. pylori strain SS1 was used for Helicobacter antigen generation and
for challenge of mice (20). Bacteria were grown on Columbia agar supplemented
with 7% horse blood and antibiotics (trimethoprim, 20 �g/ml; vancomycin, 6

�g/ml; amphotericin B, 2.5 �g/ml; cefsulodin, 16 �g/ml) at 37°C in a microaero-
bic environment. For experimental challenge of mice, H. pylori bacteria were
resuspended in Brucella broth supplemented with 10% fetal bovine serum and
antibiotics and grown in 60-ml static cultures at 37°C in 5% CO2.

Antigen preparation. H. pylori lysate was prepared as previously described (7).
Briefly, confluent plates of H. pylori SS1 were harvested in sterile phosphate-
buffered saline (PBS), concentrated by centrifugation at 5,000 � g for 20 min,
and resuspended in a minimal volume of PBS. Cells were lysed by four 60-s
bursts of power from a probe sonicator (Sonics and Materials Inc., Danbury,
Conn.) set at a 50% duty cycle and a power setting of 5. Whole cells were
removed by centrifugation at 5,000 � g for 20 min, and the supernatant was
filtered through a 0.45-�m-pore-size filter. The protein concentration of the
filtrate was determined by the Lowry assay (21). Ovalbumin grade V (OVA) was
purchased from Sigma Chemical Co. (St. Louis, Mo.).

Immunization and challenge of mice. Antigens were emulsified in either CFA
or incomplete Freund’s adjuvant (IFA; Sigma). Antigen solutions in PBS were
mixed 1 to 1 with the respective adjuvant until a stiff emulsion was achieved.
Adult mice were immunized intraperitoneally (i.p.) or subcutaneously (s.c.) by
injection of 100 �l of a 1-mg/ml emulsion. Neonatal mice were immunized with
50 �l within 24 h of birth. All mice were immunized with a single dose of antigen.

Bacterial challenge. Immunized and control mice were challenged 28 days
postimmunization with 107 CFU of H. pylori SS1 in 0.5 ml of Brucella broth. The
inoculum was administered by gastric intubation with flexible tubing on an
18-gauge needle and 1-ml syringe. Bacterial numbers for challenge were deter-
mined by optical density at 450 nm by using a previously established H. pylori SS1
growth curve.

Bacterial load determination by culture. Diagnosis by culture was accom-
plished as previously described (14). Briefly, a narrow strip of tissue encompass-
ing the length of the greater curvature of the stomach was homogenized in 200
�l of Columbia broth, and serial dilutions were plated on Columbia agar sup-
plemented with 7% horse blood and antibiotics. Plates were sealed in bell jars in
a microaerobic environment at 37°C for 7 days. Bacteria were confirmed as
H. pylori on the basis of colony morphology, Gram staining, and production of
urease, catalase, and oxidase.

Assessment of inflammation. Strips of gastric mucosa ranging from the pylo-
ric-duodenal junction to the gastric cardia were surgically removed and fixed in
10% buffered formalin. Tissues were paraffin embedded, sectioned (7 �m), and
stained with hematoxylin and eosin by Histology Consultation Services (Oak
Harbor, Wash.). Gastric tissue was evaluated blindly for the extent, depth, and
character of inflammation at the antral-fundic junction. Inflammation was scored
on a scale of 0 to 5, and the mean � the standard deviation was calculated for
each separate group.

ELISPOT assay. Assays were performed with 96-well ELISPOT plates
(ImmunoSpot200; Cellular Technologies Ltd., Cleveland, Ohio) that had been
precoated overnight with monoclonal capture antibodies specific for gamma
interferon (IFN-�) (R46-A2; 5 �g/ml), interleukin-2 (IL-2) (JES6-1A12; 2 �g/
ml), IL-4 (11B11; 4 �g/ml), or IL-5 (TRFK5; 2 �g/ml) in PBS. Prior to addition
of spleen cells, the plates were blocked with 1% bovine serum albumin in PBS for
1 h at room temperature and washed four times with PBS. Spleen cell suspen-
sions were prepared and distributed at 106 cells per well and maintained for 24
to 48 h in serum-free HL-1 medium (BioWhittaker, Walkersville, Md.) supple-
mented with L-glutamine at 1 mM with or without Helicobacter antigens added at
a final concentration of 5 �g/ml. The cells were then removed by washing, and
the detection antibody (XMG1.2-biotin at 2 �g/ml for IFN-�, JES6-5H4-biotin at
3 �g/ml for IL-2, BVD6-24G2-biotin at 4 �g/ml for IL-4, or TRFK4-biotin at
4 �g/ml for IL-5) was added and the mixture was incubated overnight. On the
following day, streptavidin-horseradish peroxidase (Dako A/S, Glostrup, Den-
mark) was added at a 1:2,000 dilution and the plates were left for 2 h at room
temperature. The plate-bound antibody was then visualized by adding the horse-
radish peroxidase substrate 3-amino-9-ethylcarbozole (Pierce, Rockford, Ill.). To
evaluate the results, we used a series 1 ImmunoSpot image analyzer (Cellular
Technologies Ltd.).

Statistical analysis. Differences between experimental groups in the number
of cytokine-secreting T cells, the bacterial load of gastric tissue samples to
determine vaccine efficacy, and the degree of histologic gastritis were evaluated
for significance by analysis of variance.

RESULTS

We have previously demonstrated that adult mice can be
protectively immunized against H. pylori infection of the gastric
mucosa by systemic immunization (14). To determine if sys-

FIG. 1. Induction of anti-H. pylori (H.p.) immunity by systemic
immunization of neonatal mice. (a) Spleen cells collected 28 days after
a single i.p. or s.c. immunization with H. pylori lysate or OVA emul-
sified in IFA were stimulated in vitro with H. pylori lysate and tested by
ELISPOT assay for IFN-� or IL-5. Each value shown is the mean of
three individual mice (tested in triplicate) � the standard deviation.
(b) Groups of mice given each vaccine formulation were challenged
with infectious H. pylori on day 28 and sacrificed on day 48 for bacterial
load assessment. Each symbol represents an individual mouse, and
each bar represents the geometric mean of each respective group. A
statistical significance of greater than 99.9% relative to OVA-immu-
nized mice is indicated by the triple asterisks. (c) Gastric biopsy sam-
ples of the greater curvature were hematoxylin and eosin stained and
graded for inflammation. Each value shown is the mean of each im-
munized-and-challenged group of mice � the standard deviation.
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temic immunization can also induce protective H. pylori immu-
nity in neonatal mice, we performed a pilot study with newborn
mice, H. pylori antigen, and IFA. Twenty-eight days after an-
tigen injection, the spleen cells of three mice from each group
were examined by ELISPOT assay to determine the frequency
of IL-5- and IFN-�-producing, H. pylori-specific T cells. Anti-
genic stimulation of spleen cells from these mice induced
equivalent numbers of IL-5-producing T cells when adminis-
tered by either s.c. or i.p. injection (Fig. 1a). Spleen cells from
mice immunized with OVA and IFA did not produce IL-5
when challenged with H. pylori antigen in vitro. Unlike i.p.
immunization, which induced a unipolar type 2 response con-
sisting of IL-5-producing cells, injection by the s.c. route in-
duced a mixed type 1-type 2 immune response consisting of
antigen-specific IL-5- and IFN-�-producing T cells.

The remaining mice in each group (four to nine mice, de-
pending on the size of the respective litters) were challenged
28 days postimmunization with 107 CFU of H. pylori. Mice
were sacrificed 28 days postchallenge, and gastric biopsy sam-
ples were removed for bacterial culture and histologic exami-
nation to determine the protective efficacy of the H. pylori
vaccination. Subcutaneous immunization with H. pylori antigen
resulted in a significant reduction in the bacterial load (average
of log 5.14 CFU/g) compared to that of control mice immu-

nized with OVA (average of log 6.57 CFU/g; Fig. 1b; P �
0.0001). No significant reduction in bacteria was observed in
mice immunized by i.p. injection, the route typically used to
induce neonatal tolerance. All H. pylori antigen-immunized
mice demonstrated histologic postimmune gastritis, as has been
frequently observed in animal models used for Helicobacter
vaccine trials (Fig. 1c) (7, 10, 13, 24). As expected, this postim-
mune gastritis was not observed in OVA-IFA-immunized mice
that had no exposure to H. pylori antigens prior to challenge.

We next expanded the study to include the use of type 1
polarizing CFA and to compare the efficacy of systemic immu-
nization of neonatal mice to that of adult mice. Neonatal and
adult mice were immunized either s.c. or i.p. with H. pylori
antigen in combination with either CFA or IFA, and control
mice were immunized with OVA and the respective adjuvants.
Four to six mice from each group were examined 28 days
postimmunization to evaluate the T-cell cytokine signature
induced by each immunization protocol. Similar to our pilot
study described above, immunization of neonates with H. pylori
antigen in IFA by either route resulted in a low frequency of
cytokine-producing cells in our recall ELISPOT assay (Fig.
2b). Although both IL-4- and IL-5-producing T cells were
observed, OVA-immunized mice had similar numbers of T
cells capable of responding to in vitro exposure to H. pylori

FIG. 2. Prechallenge cytokine profiles of spleen cells from mice immunized as neonates (a and b) or adults (c and d) with a single dose of H.
pylori (H.p.) antigen and CFA (a and c) or IFA (b and d). Spleen cells were tested by ELISPOT assay for IFN-�, IL-2, IL-4, and IL-5. Each value
shown is the mean of each group (four to six mice each, tested in triplicate) � the standard deviation.
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antigen. However, immunization by both the s.c. and i.p. routes
with CFA resulted in a pronounced induction of antigen-spe-
cific IFN-�-producing T cells (Fig. 2a; 398 and 313 spot-pro-
ducing cells/106 spleen cells, respectively). The TH1-inducing
nature of this adjuvant was evident in mice immunized s.c. as
IL-2 was also specifically elevated (167 spot-producing cells/
106 spleen cells). Comparison of the spleen cells of adult mice
with those of neonatally immunized mice revealed that both
IFA and CFA immunizations by either i.p. or s.c. injection
induced more potent cytokine responses in adults (Fig. 2c and
d). Both IFA and CFA induced strong TH1 (IFN-� and IL-2)
and TH2 (IL-4) responses relative to those of neonatally im-
munized mice.

The remaining mice were challenged with 107 CFU of
H. pylori and sacrificed 28 days postchallenge. Challenge of
both OVA- and H. pylori antigen-immunized mice resulted in
a significant number of H. pylori-specific IFN-�-producing T
cells (Fig. 3a and b). Overall, the frequency of antigen-specific
IFN-�-producing T cells from H. pylori antigen-immunized
mice did not exceed the number of spot-forming cells from
OVA-immunized mice and in some cases was actually lower
(Fig. 3a). Previous exposure to H. pylori antigen due to immu-
nization, however, uniformly resulted in elevated levels of IL-2,
IL-4, and IL-5 compared to those of the corresponding OVA-
immunized controls. CFA administered i.p. was the most po-
tent inducer of these other cytokines.

H. pylori-challenged mice in this experiment demonstrated
significant reductions in gastric colonization; this was true of
both neonates and adults immunized by the s.c. route with
either IFA (P � 0.032 and 0.017, respectively) or CFA (P �
0.006 and 0.008, respectively) and also by the i.p. route when
immunized with CFA (P � 0.001 and P � 0.0001, respectively;
Fig. 4). In agreement with the pilot study (Fig. 1b), neither
neonates nor adults showed any evidence of protection from
H. pylori colonization when immunized i.p. with IFA. These
results were confirmed in a third experiment that showed a
significant bacterial load reduction in H. pylori-challenged
adult mice immunized i.p. with CFA but no reduction in either
adult or neonatal animals immunized i.p. with IFA (data not
shown).

Challenge of mice immunized as neonates against Helico-
bacter antigens resulted in histologic gastritis in all four groups
(Fig. 5a). Postimmunization gastritis was primarily restricted to
the antral fundic junction of the gastric mucosa, which is the
predominant site of colonization by H. pylori in this mouse
model. The degree of inflammation did not differ appreciably
between neonatal groups but in all cases was significantly
greater (range of 2.2 to 3.0) than that of mice immunized with
OVA prior to the challenge (range of 0.1 to 0.67; P � 0.005).
Similarly, a challenge of mice immunized as adults with H. py-
lori antigen and adjuvant resulted in histologic gastritis that
was significantly greater than that of the corresponding OVA-
immunized control groups immunized by the s.c. route (Fig.
5b). H. pylori antigen immunization performed i.p. with IFA
failed to generate an inflammatory infiltrate. Postimmune gas-
tritis for the three immunization strategies that achieved im-
munity (s.c. CFA, i.p. CFA, and s.c. IFA) was not statistically
different between neonatal and adult immunize mice.

DISCUSSION

Classic protocols for the induction of neonatal tolerance
have relied on i.p. injection of antigen with IFA. Because of
their delicate size, s.c. injection of neonatal mice has not been
pursued to the same extent. In our study, i.p. immunization of
neonatal mice with IFA did not induce protective immunity.
This observation is consistent with classical models. However,
the present study demonstrates that a single s.c. injection of
neonates (the route relevant for human systemic immuniza-
tion) with bacterial antigen in CFA or IFA induced a signifi-
cant degree of protective immunity in mice subsequently chal-
lenged with H. pylori as adults. Since adult mice immunized i.p.
with IFA also failed to develop protective immunity, lack of
immunity does not represent immune privilege of the neo-
nates. These results suggest that neonates are not inherently
unresponsive to H. pylori immunization. In fact, no difference
in the degree of protection was observed between mice immu-
nized as neonates and mice immunized as adults. This protec-
tive immunity could be induced in neonates after only a single
immunization.

While only a fraction of H. pylori-infected individuals de-
velop symptomatic clinical disorders such as gastritis (23, 26),
peptic ulcer disease, and gastric adenocarcinoma (11, 29, 30),
the prevalence of H. pylori infection worldwide makes these
diseases a significant burden. The most recent available data
indicate that in the year 2000 in the United States, where

FIG. 3. Cytokine profiles of spleen cells from mice immunized as
neonates with a single dose of H. pylori (H.p.) antigen and CFA (a) or
IFA (b) and challenged with infectious H. pylori 28 days after immu-
nization. Spleen cells were tested on day 56 by ELISPOT assay for
IFN-�, IL-2, IL-4, and IL-5. Each value shown is the mean of each
group (five to seven mice each, tested in triplicate) � the standard
deviation.
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prevalence has dropped below 50%, H. pylori infections cost
approximately $10 billion, including the direct costs for health
care and drugs and the indirect costs due to loss of work (3).
The cost to developing nations and parts of the world where
more than 80 to 90% of the general population is infected
constitutes a significant drain on health care resources, partic-
ularly in those nations where gastric cancer remains a leading
cause of death due to cancer. Many studies suggest that H.
pylori infection is actually acquired in early childhood (18, 27,
35, 36, 39). Thus, a prophylactic vaccine against H. pylori would
have to be administered to very young children to be success-
ful. Our data suggest that such a vaccine might be feasible.

Previous neonatal immunity challenge models involved the
use of a viral challenge. Recovery from infection in viral mod-
els requires Th1-dependent CTL responses. Since neonatal
mice favor the development of Th2 immunity, success in those
previous studies relied on the ability of specific adjuvants to
generate a mixed Th1-Th2 immune response (4) or the use of

Th1 immunity-inducing immunizations (17, 33). We attempted
to polarize the T helper cell response through the use CFA and
IFA for the induction of Th1 and Th2 immune responses,
respectively, because we have accomplished this previously
with lysates and purified-protein antigens (12, 14). In general,
we achieved mixed Th1-Th2 responses with a strong IFN-�
component. Our inability to induce a dominant IL-4 or IL-5
response with IFA may be due to our use of a whole bacterial
lysate as the antigen. Yip et al. demonstrated that addition of
bacterial components such as lipopolysaccharide or CpG mo-
tifs converts IFA to a Th1-inducing adjuvant, and similar com-
ponents may be present in our lysate preparation (41). The
inability to polarize the neonatal response, however, was not
detrimental to our efforts to induce protective immunity.

While the use of CFA induced the most significant protec-
tion, its use cannot be extended to humans. It is likely that
aluminum hydroxide (alum) or new proprietary adjuvants
would be looked at more favorably than IFA as an adjuvant for

FIG. 4. Bacterial loads in the gastric mucosae of mice immunized as neonates (a) or adults (b) with a single dose of H. pylori (H.p.) antigen
and CFA or IFA and challenged on day 28. Gastric biopsy samples were examined on day 56 by quantitative culture. Each symbol represents an
individual mouse, and each bar represents the geometric mean of each respective group. Statistical significance of differences relative to the
respective OVA-immunized control groups is indicated by single (�95% significant), double (�99% significance), or triple (�99.9% significance)
asterisks.
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new human vaccines (19). Protection, even with IFA, always
included IFN-� induction. Therefore, selection of an appropri-
ate adjuvant with IFN-�-inducing properties might enhance
the desired adjuvant function. The distinction could be critical
because in our study, replacement of CFA with IFA resulted in
a loss of efficacy by the i.p. route, although IFA did work well
for s.c. immunizations.

Alum is an obvious candidate for testing, and we have re-
ported the use of alum in achieving protection against H. pylori
in adult mice (14). However, in the present study, repeated
attempts to use alum with whole-cell lysates administered s.c.
resulted in the death of all injected neonatal mice (data not
shown). No adverse symptoms were displayed by the adult
mice. When neonatal mice were immunized with purified H.
pylori urease and alum s.c., however, no deaths resulted. Our
limited supply of purified urease prevented us from pursuing
the use of alum in the present studies. These experiments
indicate that whole-cell lysates of H. pylori in combination with
alum contain a component that induces a state of toxic shock
in neonates when delivered s.c. but not in adult mice. One
explanation for the lack of IFA toxicity is that IFA, being an

oil, may release lipopolysaccharide and other lipophilic toxins
more slowly than alum. As stated above, our previous experi-
ments have demonstrated that certain bacterial components
are sufficient to drive a Th1 response (41). The same compo-
nents that prevented polarization to Th2 immunity may also
provide a level of toxicity to neonatal mice when combined
with alum.

Regardless of the clonal sizes induced by systemic immuni-
zation, both adjuvants were capable of inducing an immune
response in neonates that significantly reduced the bacterial
load upon challenge. Our observations may seem surprising
because immunization with IFA resulted in cytokine responses
that were significantly weaker in neonatal immunized mice
than in the corresponding adult groups, but the ability to in-
duce protective immunity via neonatal immunization and high
frequencies of cytokine-producing Th1 cells in recall assays
provides further evidence that neonatal T-cells are fully capa-
ble of adult level cytokine production upon secondary expo-
sure to antigen (1, 2, 17).

Notably, i.p. injection with IFA, which failed to induce pro-
tective immunity in both neonatal and adult mice, did induce

FIG. 5. Mucosal inflammation in the stomachs of mice immunized as neonates (a) or adults (b) with a single dose of H. pylori (H.p.) antigen
and challenged with infectious H. pylori on day 28. Strips of the greater curvature of the stomach were surgically removed on day 56, hematoxylin
and eosin stained, and graded for inflammation. Each value shown is the mean of each immunized-and-challenged group of mice � the standard
deviation. Statistical significance of differences relative to the respective OVA-immunized control groups is indicated by double (�99% signifi-
cance) or triple (�99.9% significance) asterisks.
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IL-5-producing Th2 cells. Therefore, this classic tolerization
protocol was immunogenic even if the type of effector class
engaged was not protective. These results are consistent with
the report by Guy et al., who demonstrated that varying the
location of a systemically (s.c.) administered H. pylori thera-
peutic vaccine could have a profound effect on its efficacy (16).
Nevertheless, as our i.p. immunizations with H. pylori and CFA
demonstrated in both neonatal and adult mice, we were able to
overcome the lack of immunity associated with the route of
administration by using a different adjuvant.

Finally, these studies are consistent with the widespread
observation that a challenge of Helicobacter-immunized mice
results in significant inflammation even when protective immu-
nity is achieved (7, 13, 14, 24, 25, 28). Since the gastric mucosa
of healthy mice (and humans) lacks organized or diffuse im-
mune tissue, recruitment of inflammatory and immune cells
to the gastric mucosa is likely necessary for eradication of H.
pylori to occur. Thus, similar to chronic H. pylori infection,
challenge of immunized mice with H. pylori results in coloni-
zation that leads to a localized inflammatory response. How-
ever, if the immune system has been appropriately stimulated,
this white blood cell infiltration takes on a protective character,
either because of its increased magnitude or because of an as
yet unidentified effector mechanism. Appropriate stimulation
of the immune system is critical, as shown when neonatal mice
were immunized with IFA i.p. Significant postimmune gastritis
was stimulated following a challenge with H. pylori, but bacte-
rial load reductions were only marginal.

Although the degree of postimmunization gastritis in neo-
natal mice was comparable to that of adult mice, the inflam-
matory response of control OVA-immunized neonatal mice to
H. pylori infection was considerably weaker than that of in-
fected adult groups and in some cases was absent. Evaluation
of gastritis and protection was performed when mice were 8
weeks old, 28 days following a challenge. Thus, although fully
mature at sacrifice, the degree of H. pylori-induced gastritis was
significantly lower than that of mice in the adult immunization
group challenged at 12 weeks of age. These observations sug-
gest distinct differences in the ability of the young immune
system to respond to H. pylori infection. It is possible that, as
they aged, these mice developed H. pylori-associated gastritis,
similar to mice infected at 12 weeks of age. These differences,
however, did not hinder the ability to stimulate a protective
immune response through appropriate immunization within
hours of birth.

These observations may represent an important advance in
the ongoing development of a human vaccine against H. pylori.
While prototype H. pylori vaccines can be efficacious when
administered orally to mice, similar success has not been
achieved in human clinical trials. Lack of a potent, safe muco-
sal adjuvant for humans has limited the development of an
H. pylori vaccine. The ability to employ the types of systemic
immunizations successfully used for numerous other human
vaccines would circumvent the need for a mucosal adjuvant.
Immunization of very young children prior to environmental
exposure to H. pylori may be a feasible strategy with which to
prevent H. pylori acquisition, and adjuvants such as IFA may
prove to be appropriate for the induction of protective immu-
nity in children. However, since the induction of immunity in
mice was invariably associated with IFN-�-producing cells and

gastric inflammation upon challenge, it is likely that addition of
a safe, type 1 polarizing substance will be necessary to obtain
acceptable efficacy. A well-designed vaccine would enhance the
adjuvant-guided differentiation of the immune response so as
to engage the desired class of immunity.
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