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Abstract
Aimlbackground-Several studies have
suggested that Helicobacter pylori which
express CagA may be more virulent than
those that do not, but limited populations
have been studied to date. The aim of this
study was to confirm and extend the
association of CagA positive H pylori
strains in a different geographical area
and to a large, well defined patient
population.
Method-A validated ELISA for serum
IgG to CagA was used to investigate the
prevalence of CagA seropositivity in 100
patients with peptic ulcer compared with
77 with H pylori infection without ulcer
disease in a North American population.
The extent of antral and corpus inflammation and H pylori density in relation to
CagA seropositivity in 40 subjects with H
pylori infection were assessed semiquanitatively. All studies were carried out in a
coded and blinded manner.
Results-The prevalence of serum IgG
CagA antibodies was higher in H pylori
infected patients with ulcer (59%) compared with healthy H pylori infected
volunteers (44%), but the difference was
not significant. In contrast, the titre of
serum IgG anti-CagA antibodies was
higher among the seropositive subjects
without ulcer disease, but again the difference was not significant. Comparison of
histological features between asymptomatic individuals with H pylori infection
in relation to CagA IgG antibody status
revealed no differences in infiltration with
acute inflammatory cells, H pylori density, or gastritis index. There was no relation evident between the degree of
polymorphonuclear cell infiltration and
the serum IgG antibody titre to CagA.
Mononuclear cell infiltration in the antrum, but not the corpus, was greater in
those with CagA IgG compared with those
without (median score 5 v 3).
Conclusions-A tight association between
the presence or titre of serum IgG to CagA
and peptic ulcer disease, greater H pylori
density or infiltration of the mucosa with
acute inflammatory cells could not confirmed in a North American population.
Perhaps geographical differences in the
prevalence of circulating H pylori strains

are responsible for the discrepant results
reported.
(i Clin Pathol 1996;49:829-832)
Keywords: Helicobacter pylori, duodenal ulcer, gastric
ulcer, CagA serology, pathogenesis, virulence factor.

Helicobacter pylori infection is now accepted as
being intimately related to peptic ulcer disease,
gastric carcinoma and primary B cell gastric
lymphoma. H pylori infection is extremely
common and yet only a small proportion of
those affected develop a clinically significant
outcome, such as peptic ulcer disease or gastric
cancer. Diverse outcomes are not unusual with
bacterial infections-for example, streptococcal infections are associated with diseases
ranging from asymptomatic carrier state, sore
throat, scarlet fever, rheumatic fever, cellulitis,
to necrotising fasciitis. Clinical infectious
disease usually represents an interplay between
the bacterium and the host, and Hpylori infections are no exception.' There are major
research efforts underway attempting to unravel whether the bacterium or the host is the
critical determinant of outcome for any particular Hpylori related disease.
The first putative virulence factor discovered
that seemed to be associated with peptic ulcer
disease was a vacuolating cytotoxin.2A This
discovery was followed by identification of a
systemic and mucosal humoral immune response to a H pylori protein with a molecular
weight of approximately 128 000.' 6 The gene
for this protein was cloned subsequently and
because of its close association with the
vacuolating cytotoxin, it was named the
cytotoxin associated gene A (cagA).7 8 Several
studies have shown that the prevalence of antibody to the CagA protein is higher in patients
with peptic ulcer disease than in those with H
pylori gastritis without peptic ulcer disease.5`8
In addition, CagA expressing H pylori have
been reported to elicit a more severe local
inflammatory response. This was initially
ascribed to the ability of bacteria expressing
this gene to stimulate robust interleukin-8
(IL-8) production by gastric epithelial cells in
vitro.910 It was also shown that greater levels of
gastric IL-8 and inflammation were observed
in patients infected with CagA expressing H
pylori." Recently, however, it has been shown
that the effect on IL-8 was associated with, but
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tion of the score for polymorphonuclear cells
and mononuclear cells) were determined.
DATA ANALYSES

Results were expressed in ELISA units (0- 100)
determined from the standard curve. The cutoff was determined as 9.25 ELISA units. It was
calculated as the mean plus 3 SD of the results
obtained from 43 asymptomatic volunteers
from the Houston area who were negative for
H pylori infection by the combination of negative serology, urea breath test, CLO-test, and
histology (Genta stain of one corpus and two
antral biopsy speciniens).
The results were first scored as positive or
Methods
Serum samples from patients with untreated negative based on the cut-off value of 9.25. For
and active duodenal or gastric ulcer or from those with anti-CagA IgG the arithmetic mean
asymptomatic controls with or without Hpylori titre was calculated. Proportions were cominfection were coded and tested blindly for the pared using the X2 test with Yates's correction.
presence of IgG antibodies directed against Titres were compared using the Mann
CagA. H pylori infection was confirmed by at Whitney rank sum test. The Student's t test
least two tests, including histology (Genta could not be used because the data failed both
normality test and equal variance test. Stastain),'6 CLO-test, '3C urea breath test, or H the
tistical analyses were done using SigmaStat for
pylori serum ELISA (HM-CAP, EPI, West- Windows
1.0 (Jandel Corporation, San Rafael,
bury, New York, USA). There were no California, USA).
discordant values (for example, negative serology and positive urea breath test).
Results
The study population consisted of 100 patients
cagA IgG ELISA
Serum samples were assayed for CagA IgG with endoscopically documented peptic ulcers,
antibodies by ELISA using as antigen a including 30 with gastric ulcer and 70 with
previously described purified 25 500 molecular duodenal ulcer disease. The control group
weight recombinant fragment of the CagA pro- consisted of 77 healthy H pylori infected
tein"7 (kindly provided by Dr A Covacci). Flat asymptomatic volunteers without endoscopic
bottom microtitre plates (Falcon 3912, Becton evidence of peptic ulcer disease.
Serum IgG CagA antibodies were present in
Dickinson, Oxford, UK) were coated with
0.1 jig/well antigen in 0.1 M bicarbonate 44.1% of healthy H pylori infected volunteers
buffer, pH 9.6, for 24 hours at 4°C. After and in 58.8% of patients with H pylori and
washing with phosphate buffered saline (PBS) peptic ulcer, 57.7% of patients with duodenal
containing 0.1% Tween-20 and blocking with ulcer and 63.3% of those with gastric ulcer.
1% bovine serum albumin (BSA) in PBS- There was no significant difference in the
Tween (one hour, 26°C), serum samples prevalence of CagA seropositivity between voldiluted 1 in 75 in 1% BSA/PBS were assayed in unteers and those with duodenal ulcer or
duplicate. Following further washing and incu- gastric ulcer (p values were 0.28, 0.12 and
bation with goat antihuman IgG alkaline phos- 0. 1 1, respectively). The median titre of serum
phatase conjugate (Sigma, St Louis, Missouri, IgG anti-CagA antibodies was higher among
USA) bound antibodies were detected with p- the seropositive subjects without ulcer disease
nitrophenyl phosphate substrate (Sigma) solu- than those with Hpylori and peptic ulcer (32.5,
tion at 1 mg/ml in diethylolamine-MgCl2 27, 26 and 33 for normal controls and patients
buffer. A standard curve of high titre positive with peptic ulcer, duodenal ulcer, and gastric
and control serum samples was included on ulcer, respectively) but the difference was not
each plate.
significant for any group (p = 0.19, 0.16 and
0.48 for peptic ulcer, duodenal ulcer and
RELATION BETWEEN cagA IgG STATUS AND
gastric ulcer, respectively).
SEVERITY OF GASTRITIS
Comparison of histological features between
Forty cases were selected (16 with and 24 asymptomatic subjects with H pylori infection
without CagA IgG) from the population with in relation to IgG antibody status revealed no
asymptomatic Hpylori gastritis to examine the differences except for increased mononuclear
possible relation between the presence, ab- cell infiltration in the antrum in those with
sence, or titre of CagA IgG and the histological CagA IgG (fig 1). The median score for H
findings. Those patients with serum IgG pylori, polymorphonuclear cells, and mononuagainst CagA were chosen to represent the clear cells was identical (median 3) for the corspectrum of antibody titres. Biopsy specimens pus and was one grade higher for the index in
of the gastric corpus and gastric antrum were those with anti-CagA IgG (4 v 3 for presence
examined separately by two pathologists with- compared with absence, p = 0.129). In the
out knowledge of the clinical diagnosis of the antrum the median score for H pylori, polypatient or the CagA IgG status. The severity of morphonuclear cells and mononuclear cells
the infiltration with polymorphonuclear cells, was higher for those with CagA IgG seroposimononuclear cells, number of H pylori organ- tivity compared -with those without (3 v 4 for
isms, and a gastritis index (calculated by addi- both Hpylori and polymorphonuclear cells and
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independent of, the presence of functional
CagA.12 13
Because the stomach may be infected with
CagA positive and negative strains, it has been
suggested that measurement of CagA IgG
antibody is the preferred technique to detect
the presence of these potentially more virulent
bacteria.4 15 The present study was designed to
confirm and extend the association of CagA
positive H pylori strains in a different geographical area and to a large, well defined
patient population.

Serum CagA IgG antibodies and peptic ulcer
5

831

*

CagA-

A

CagA+

Ea)

0

c;U)

3.

0)
0

2

MI
1

*
0
5

H pylori

Polymorphonuclear
cells

--

Mononuclear
cells

I

Index

B

45)

0

0

3

.r0)
0
U1)

2

1

U

_

f
H pylor;

Polymorphonuclear

Mononuclear

cells

cells

Index

Figure 1 The density of H pylori, polymorphonuclear cell filtration, mononuclear cell
infiltration, and gastritis index is compared for those with H pylori infection with and
without CagA IgG seropositivity. The results are shown separately for theantrum (A) and
corpus (B). Data are presented as mean (SEM); *p < 0. 05.
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Figure 2 Comparison of the histological score for the density ofpolyi
infiltration and titre of CagA IgG. No correlation was found.

gastritis index, p = 0.54, 0. 22, 0.24, respectively, and 3 v 5 for nnononuclear cell
infiltration, p = 0.03).
Comparison of the degree of polymorphonuclear cell infiltration andLthe serum IgG
antibody titre to CagA did n()t reveal any relation (fig 2).
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Discussion
In this study population we did not observe a
tight association between peptic ulcer disease
and the presence of the serum IgG antibodies
directed against CagA. Serum IgG CagA antibodies were found in 59% of the patients with
peptic ulcer disease. CagA IgG seropositivity
was slightly, but not significantly, greater in
patients with duodenal ulcer disease than in
asymptomatic controls. In addition, the antibody titre tended to be higher in the asymptomatic controls than in the patients with duodenal ulcer disease. We also did not find a positive
association between the presence of serum IgG
CagA antibody and the level of the acute
inflammatory response to Hpylori infection. In
d
we did find a significant increase in
contrast,
the number of mononuclear cells in the antrum
of those with serum IgG CagA antibodies.
Although there is concern about one statistically significant finding in data subjected to
multiple comparison, similar observations on
mononuclear cells have been made in European populations (Crabtree JE, unpublished
observations).
The assay used to detect the presence of
anti-CagA IgG has been repeatedly validated
and, therefore, we do not believe that the
difference in results is due to the differences in
technique for assessing serum IgG CagA antibody status. In addition, ours is the largest
study to date and all evaluations were done
blindly. The results are consistent with our
previous experience in Houston. For example,
the current data are also consistent with a
larger study we carried out previously where
we found that the most severe gastritis was in
volunteers with asymptomatic H pylori infection rather in those with duodenal ulcer
disease.'8 Although our results are internally
consistent, it is possible that we cannot confirm
previous observations because the prevalence
of CagA expressing H pylori differs between
geographical regions. Such a difference would
call into question the importance of cagA as a
virulence factor. One would expect that an
important virulence factor would relate to
either a specific disease or to identifiable histological abnormalities. For example, if CagA
expressing H pylori were associated with
production of IL-8, then neutrophil accumulation may be more evident in patients infected
with these strains. However, the results presented here show that only the accumulation of
mononuclear cells was significantly greater in
the gastric mucosa of patients infected with
CagA expressing H pylori. This is unlikely to be
linked to the induction of IL-8 by strains of H
pylori as IL-8 interacts with two specific receptors that are expressed predominately on
neutropils. 9"2 Although other reports infer that
IL-8 may recruit or activate, or both, other cell
types, studies to date have not definitively
shown the expression of the specific receptor
nor characterised any binding as specific
except on neutrophils.
In other studies, Cover et al,5 using a different assay, reported serum IgG antibodies
directed against CagA in 87.5%, 76%, and
56.4% of patients with duodenal ulcer, gastric
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ulcer, and non-ulcer dyspepsia, respectively.
The proportion of patients with duodenal ulcer
with anti-CagA IgG was lower than in previous
publications.5 6 8 17 The differences between the
prevalence of a positive CagA serology between
patients with non-ulcer dyspepsia and those
with duodenal ulcer was significant. Statistical
significance was not present (Fisher's exact test
or X' test) when they used for criteria of
positivity the presence of either a positive CagA
serology or positive colony hybridisation. The
proportion of subjects from Morocco seropositive for CagA was also lower than for the Europeans. The population studied resided in
Belgium, which is consistent with the notion
that there may be populations with different
frequencies of cagA expressing H pylori. The
difference in frequency of CagA seropositivity
also may vary in the USA, as Cover et al5
reported previously a higher proportion of
CagA seropositivity in a different US population (100% v 61% for patients with duodenal v
those without duodenal ulcer) but these
authors used western blotting to detect CagA
antibody, which has greater sensitivity.'7 The
hypothesis that different geographical regions
have different H pylori strains as the predominant circulating strain is bolstered by the
recent observation that there are geographical
allelic variations in the cagA gene.2' For example, Hpylori isolates from Houston, Texas, and
those from Seoul, Korea, both shared a 297
base pair region of the cagA gene but differed
remarkably regarding the presence of a 1.4
kilobase pair region.2'
Another possibility might be related to the
race of the subjects studied. We therefore compared the CagA antibody titres between whites
and blacks. For both races the titre was higher
for the asymptomatic Hpylori infected subjects
compared with those with duodenal ulcer, with
blacks having a slightly, but not significantly,
higher titre than whites (median titres for
blacks and whites, respectively, were 32.8 v
21.5 for those with duodenal ulcer and 51 v
26.5 for those with asymptomatic gastritis.
There was also no difference in the scores for H
pylori density, polymorphonuclear cell or
mononuclear cell infiltration between races.
In summary, we used different methodologies to investigate the possible association
between CagA seropositivity with either peptic
ulcer disease or with increased antral inflammation and failed to find a significant association. This study suggests that a general
marker for more virulent H pylori has not yet
been discovered.

