






in monkeys that were documented to have no prior H. pylori
infection. The results showed that immunization with recom-
binant urease, formulated with E. coli LT for oral delivery or a
synthetic glycolipid for intramuscular delivery, does not pre-
vent infection after experimental challenge with rhesus mon-
key-derived H. pylori. These results are consistent with two
previous studies in rhesus monkeys which showed that immu-
nization with four different urease and adjuvant preparations,
including oral urease plus LT (24) and intramuscular urease
plus Bay (23), prevented infection in only 1 of 19 animals
challenged with H. pylori.

Although previous studies in rhesus monkeys did not dem-
onstrate complete protection, they suggested that oral ure-
ase-LT alone or followed by a urease parenteral boost could

produce 1- to 2-log reductions in H. pylori colony counts com-
pared with sham-vaccinated controls (23, 24). Recent studies
in gnotobiotic piglets (10) and in mice (20) have also found
that when careful quantitative cultures are performed, the ef-
fect of vaccination may be quantitative rather than complete
protection. We failed to find quantitative differences in H.
pylori colonization between vaccinated and control animals,
perhaps because of small sample size and variability in quan-
titative cultures. However, in unpublished studies we found
that in five treated monkeys experimentally infected with H.
pylori N246C3, the mean (range) log10 CFU/g at 2 and 10
weeks postinoculation (similar time intervals to those in the
present study) were 4.3 (0 to 6.1) and 3.6 (0 to 7.5), respectively
(one of five animals was uninfected). These results are similar
to those we found in vaccinated animals (Fig. 2). Others have
also failed to demonstrate quantitative differences in natural
H. pylori colonization of rhesus monkeys after urease vaccina-
tion (8). Future studies will be required to determine whether
immunization can consistently reduce H. pylori density and
whether such a reduction is clinically important in the reduc-

FIG. 2. Mean log10 CFU/gram of tissue obtained at endoscopy 4 weeks after challenge (A) and at necropsy 11 weeks after challenge (B) with H. pylori. Results for
each animal are averaged for six samples at endoscopy and for 11 samples at necropsy. Means for animals that received sham vaccination (control), oral urease (PO),
and parenteral urease vaccination (IM) are shown as bars.

FIG. 3. RFLP analysis of H. pylori DNA digested with HaeIII. Samples are
from strains isolated from naturally infected monkeys at the primate center
(lanes 1 to 3), strain N246C3 used as the inoculum in the present experiment
(lane 4), and strains isolated from each of the 11 experimental animals (lanes 5
to 15). A size ladder in kilobases is shown at left.

FIG. 4. Mean H. pylori log10 CFU/gram of gastric tissue in the cardia (C),
body (B), junction (J), antrum (A), and pylorus (P) averaged over all 11 mon-
keys. The standard deviation is indicated above each bar.
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tion of clinical endpoints such as peptic ulcer disease and
gastric cancer. Studies on the latter point have produced mixed
results (1, 17, 19). However, since the clinical sequelae of H.
pylori infection are presumed to result from chronic inflamma-
tion, a quantitative reduction in H. pylori density might be
expected to be clinically significant.

A recent study examined the effects of oral vaccination with
urease plus LT on naturally acquired H. pylori infection in
9-month-old rhesus monkeys (8). The results showed that 69%
of vaccinated animals were H. pylori infected 10 months after
vaccination compared to 93% of controls. Strengths of this
study were that the follow-up was prolonged and that natural
infection may provide a more realistic estimate of vaccine
efficacy than experimental challenge with a large inoculum. But
the absence of H. pylori prior to vaccination was determined
only by serology, which may be falsely negative during the
period of rapid seroconversion which occurs in young rhesus
monkeys during the first few years of life (7, 33). Therefore, the
authors used seroprevalence data to estimate the actual prev-
alence of infection among vaccinated and control animals at
the time of vaccination and then used these data to calculate
that the vaccine was 69% effective. However, since the animals
did not undergo endoscopy prior to immunization, the actual
effect of the vaccine could not be determined.

Infection with H. pylori developed in all vaccinated animals
despite a significant induction of humoral immunity. Immuni-
zation induced a marked increase in urease-specific serum IgG,
particularly when administered parenterally, but only a modest
increase in salivary IgA (Fig. 1). Similar results have been
reported previously in rhesus monkeys vaccinated with H. py-
lori urease (8, 24). These results indicate that although the
vaccine preparations were immunogenic, they were not suffi-
cient to elicit protection. Recent results in B-cell knockout
mice suggest that in the mouse model, protection from H.
pylori challenge can occur in the absence of an antibody re-
sponse (11).

Histologic examination showed that colonization with H.
pylori in all monkeys was often greatest at the junction or the
transitional zone between the gastric antrum and body and
least at the cardia and pylorus (Fig. 4). Similar results have

been obtained in rhesus monkeys (24) and in mice (11). This
finding emphasizes the recent proposal that the transitional
zone is a unique environment in the stomach where local acid
production may determine whether H. pylori is restricted dis-
tally to the antrum, where it is more likely to cause duodenal
ulcer, or moves proximally into the body where it may lead to
atrophy, metaplasia, and adenocarcinoma (32). It was surpris-
ing that “H. heilmannii” was observed in some monkeys fol-
lowing H. pylori challenge, despite the fact that two prior en-
doscopic examinations failed to show it. Since “H. heilmannii”
was seen much more frequently at necropsy than at endoscopy,
this may mean that low-grade infections were present in some
animals despite the fact that they were isolated within 24 h of
birth.

In conclusion, we have examined the effect of immunization
with oral and parenteral urease against challenge with H. pylori
in SPF rhesus monkeys. The results show that although the
vaccine is immunogenic, it does not prevent infection. While
we did not observe a reduction in colonization density in vac-
cinated animals compared to controls, the possibility that vac-
cination produces a reduction in the level of colonization can-
not be excluded due to the small sample size. An effective
vaccine to prevent H. pylori infection will probably require
different or more likely additional antigens, as well as improve-
ments in stimulation of the host immune response.
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