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SUMMARY

Changes in Helicobacter pylori seroprevalence were studied determining IgG and IgA
antibodies of 408 randomly selected adults aged 15-74 years living in Vammala, Finland in
1973 and of 504 similarly selected subjects in 1994. Seroprevalence increased by age at both
time points. The age-adjusted seroprevalence rate was clearly lower in 1994 than in 1973 (31 vs.
56 %, P = 0-001). Paired serum samples of 224 subjects collected in 1973 and 1994 showed that
the antibody status remained unaltered in 92 % ; 4 % seroconverted and 4 % seroreverted within
the 21 years. The decrease in the seroprevalence rate in the population and the persistence of
individual antibody status over two decades support a difference in H. pylori infection rates
among birth cohorts over time rather than continuous acquisition of new infections with
advancing age. Thus the risk of helicobacter infection in Vammala, Finland has been highest in
childhood and continuously decreased at least for the last five decades.

INTRODUCTION

Helicobacter pylori, the cause of active chronic
gastritis, is a risk factor for peptic ulcer [1, 2] and
gastric cancer [3-6]. Persisting serum antibodies
against H. pylori are characteristic of this chronic
infection. Eradication of the infection leads to healing
of gastritis and gradual disappearance of the anti-
bodies [7-9]. Many laboratories only use an IgG
antibody test, which is positive in more than 90 % of
culture-positive patients [9, 10]. An IgA antibody test
can also be used, but is less sensitive (73%). In
combination with the IgG antibody test, it has been
positive in a further 2% of culture-positive patients
[9]. Thus both antibodies indicate current infection
except in recently healed infection, after which
antibody titres gradually decline [9]. The higher the
original titre, the longer it takes to become negative;
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usually about a year, but in some cases more than 2
years [11].

Serological data from various parts of the world
show that H. pylori infection is a disease associated
with low living standards, and everywhere the preva-
lence of H. pylori infection increases with age [12].
Seropositivity among Finnish blood donors in
Helsinki increased by advancing age about 10 % units
per 10 years from 10% in 18-25-year-old to 60 % in
56—65-year-old donors [13]. Long-term follow-up
studies suggest that the age-dependent increase of
seropositivity is mainly due to the decreasing rate of
childhood infections [14, 15], often referred as a
cohort phenomenon. The rate of helicobacter sero-
positivity has declined in Great Britain since 1969 in
birth cohorts of patients with suspected pneumonia,
rubella or pyrexia of unknown origin [16]. A similar
decline of rates in successive birth cohorts has been
postulated after studying healthy controls from
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various studies at various times in Finland [17]. In
contrast there is also evidence suggesting a constant
rate of new infections at all ages, which could result in
a similar age-dependent increase of seropositivity [18].

We determined the prevalence of H. pylori anti-
bodies in randomly selected subjects representing the
adult population of a community in 1973 and 1994.
We also studied individual changes in antibody status
over two decades.

MATERIALS AND METHODS
Study design, subjects and samples

A health examination was carried out by the Social
Insurance Institution in 1973 in Vammala, a semi-
urban community in South-West Finland. A random
sample of the adult population was selected by
computer from the National Population Register.
Altogether 600 subjects were invited by mail and 492
participated. Participation rate was 84 % between the
ages 15 and 74 years, and it had a range of 65-100 %
in 5-year age groups. For the present study 408 sera,
from 213 females and 195 males, stored at —20 °C
were available (Group A).

In 1994 a new random sample of 600 residents of
Vammala was selected from the National Population
Register. Fifty females and 50 males from each
10-year age group between 15 and 74 years were
randomly selected to represent each gender and age
stratum. These persons were invited by mail to the
local health centre for phlebotomy. Blood samples
were obtained from 504 subjects (84 % of invited), 262
females and 242 males (Group B). Fourteen subjects
belonged also to Group A, i.e. had participated in our
1973 study.

Another blood sample was obtained from 224
(60%) of the 372 invited subjects still alive in 1994
from the original Group A first examined in 1973.
Seventy-six (34 %) of these samples were from subjects
who had moved to other communities.

The informed consent of all the participants was
obtained. The study was approved by the Ethical
Committee of the University Hospital in Tampere,
Finland.

Study area

Vammala was selected as a typical Finnish small
community and because the sera obtained in 1973
were available.
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Before the serum samples were taken in 1994, local
physicians (according to oral inquiries by one of us.
A.S.) had not used antimicrobial drugs to treat
patients complaining of gastric disorders.

Vammala had a relatively stable population size of
about 16000 both in 1973 and 1994; data on
movements in and out were not available. According
to the national statistics, Finland had experienced a
considerable demographic change [19, 20]. In the
early 1970s, 22 % of the population earned their living
from agriculture and 38 % from services, in 1994 12
and 54%, respectively. In accordance with the
development in the entire country, the level of
education of the Vammala population has risen
markedly since young age groups in 1994 had achieved
a much higher educational level than in 1973.

Investigations

Antibodies to H. pylori were measured separately for
IgG and IgA by an enzyme immunoassay method
[9, 13]. The antigen used was an acid glycine extract
from H. pylori strain NCTC 11637. The absorbance
readings were converted to reciprocals of the end-
point titres. The end-point titres were dilutions of the
serum at the cut-off level defined by the optical
densities of positive reference serum pools at constant
dilutions. Separate reference pools were used for
immunoglobulins G and A. They were placed on each
microtitre plate. Paired serum samples were always
tested on the same microtitre plate.

The lower limits of raised titres (expressed as
reciprocals) were 700 for IgG and 70 for IgA
antibodies. With these limits, the sensitivity and
specificity of the tests were 94 and 93 % for IgG and
73 and 95 % for IgA, respectively, as determined in a
separate series of 544 patients whose biopsy samples
were cultured and studied histologically for the
presence of helicobacters during the same period as
this study. Three percent of the infected patients had
a raised IgA titre only; thus the sensitivity of
combined IgG and IgA tests was 97 %.

The overall prevalence rates were adjusted for age
by the ordinary linear regression model [21].

RESULTS
Prevalence of antibodies in 1973 and 1994

Age-dependent increases in the prevalence of anti-
bodies (combined results of IgG and IgA tests) were
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Table 1. Prevalence of H. pylori antibodies (IgG and IgA antibody results combined) in the population of

Vammala, Finland in 1973 and 1994

Seroprevalence rate

Number antibody

1994

% (95% CI)

% (95% CI)

382 (28-8-47-7)
412 (31:3-51-7)
493 (36:8-61-8)
57-4 (44-0-70-0)
81-4 (66:6-91-6)
737 (56:9-86-6)
56:3* (46:6-56-3)

73 (2:4-16'1)
90 (3-7-17-6)
207 (12:8-30-7)
330 (23-5-43-6)
636 (56:2-767)
681 (57-5-77-5)
31-4% (31-1-39-5)

Number studied positive 1973
Age
(years) 1973 1994 1973 1994
15-24 102 69 39 5
25-34 97 78 40 7
35-44 67 87 33 18
45-54 61 91 35 30
55-64 43 88 35 59
65-74 38 91 28 62
Total 408 504 210 178
* Age-adjusted, P = 0-001.
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Fig. 1. Prevalence of helicobacter antibodies (IgG and IgA
results combined) in the population of Vammala, Finland in
1973 and 1994.

obvious in both cross-sectional samples from the
population (Table 1, Fig. 1). In 1994 this increase
continued to the oldest of the 10-year groups (65-74
years) studied, but in 1973 the prevalence was highest
in a younger age group (55-64 years).

During the 21-year period the prevalence of H.
pylori antibodies decreased by 24-32 % units in all age
groups from 15 to 54 years. In older subjects the
seroprevalence rates differed less and the 95%
confidence intervals overlapped (Table 1, Fig. 1). In
1973, 98 % of the seropositive subjects had IgG and
71% IgA antibodies; 2% of them had only IgA
antibodies. In 1994 the respective rates were 97, 77
and 3%.

The age adjusted seroprevalence fell from 1973 to
1994 significantly in both female and male populations
(Table 2). In 1973, there was a slightly higher rate of
seropositivity in males, but in 1994 the reverse was
true; the gender differences were not significant.
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Restriction of the comparisons to subjects born in
Vammala or the neighbouring communities and to
specific occupational groups showed that the sero-
prevalence rates in these subgroups were similar to
those in the entire sample in 1973 and 1994 (data not
shown).

Persistence or antibodies

Serum samples from 224 subjects belonging to Group
A were available for a 21-year follow-up study of the
persistence of the antibody status. Of all the subjects,
52% were antibody negative and 40% antibody
positive at both time points (Table 3). Only 4 % of the
initially antibody negative subjects had become
antibody positive and 4 % of the initially positive ones
antibody negative by 1994 (Table 4). The median IgG
titre of the 90 subjects who remained seropositive was
3000 in 1973 and 3500 in 1994. Fifty-eight of these 90
subjects (64 %) also had an elevated IgA titre in both
samples; the median was 175 in 1973 and 220 in 1994.

DISCUSSION

Our population-based findings showed that the preva-
lence rate of H. pylori infection in Vammala, Finland
had increased with age and that the age-dependent
increase became steeper over two decades. Overall
and age-specific rates have decreased dramatically in
the last 20 years, new infections in adults have been
infrequent, and during a long time period the number
of resolving infections has been of the same magnitude
as the rate of new infections. In Vammala, the H.
pylori prevalence rate in adults in the 1970s increased
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Table 2. Prevalence of H. pylori antibodies (IgG and IgA antibody results
combined) in adult females and males in Vammala, Finland in 1973 and

1994
Number antibody Seroprevalence
Number studied  positive rate (%)*
Gender 1973 1994 1973 1994 1973 1994 P-value
Females 212 260 105 93 525 334 < 0001
Males 196 244 105 85 60-7 29-1 < 0-001
Total 408 504 210 178 563 314 < 0001

* Age-adjusted.

Table 3. Individual H. pylori IgG antibody status in at an average of 21% (up to 65 years) with each
224 subjects studied in both 1973 and 1994 in decade of age. Twenty years later, the average increase
Vammala, Finland per decade was 63 % (up to 75 years) primarily due to
the lower rate of infection in younger age groups.
. After 1973 the age-specific rates decreased by an
Froportion £21% per decade of calendar time, and both
1973 1994 Number (%) average o o per decade of calendar time, and bo
new and resolved infections had a rate of 2% per

IgG antibody status

Negative  Negative 117 522 10 years. These results support the idea that the
Positive Positive %0 402 changing incidence of H. pyloriinfections in childhood
Negative Positive 9 40 ging Py

Positive Negative 3 36 in successive birth cohorts better explains the changes
in prevalence rates, than an increase in incidence of
new infections in adulthood. The risk of childhood
infections has dropped to about one tenth the risk of
50 years ago.

Table 4. H. pylori antibody titres of seroconverters We studied two random samples and one group of
and seroreverters in Vammala, Finland in 1973 and same subjects twice 21 years apart from a population.
1994 Precision of the rates estimated in such population

studies can suffer from demographic changes in the

Initial IgG IgA population, selective participation and non-random
age, i -
years Gender 1973 1994 1973 1994 deaths during follow-up. The response rates were

high, which suggests that the findings correspond well
Seroconverters with the occurrence of H. pylori infection at the time

19 f 50 3000 10 130 of examination. Furthermore, when we limited the
;2 ? 28 1?(3)88 2 5(1)8 analysis to persons who have lived their lives without
27 £ 50 1600 5 400 moving and to the most typical local professions, the
31 £ 50 2500 5 450 results remained practically unchanged. Mortality
34 f 100 7000 10 100 decreased considerably in Finland during the study
24 m 50 1200 10 120 period and resulted in proportionally smaller older
gi Ir: 1(5)8 ;388 1(5) ?(5)8 age groups in the 1970s. This was partly treated by

adjusting the overall rates for the effect of age by a
?zroreverte;s 5000 100 50 10 multivariate method. Crude and age-adjusted rates
1 £ 1300 100 10 5 differed only slightly. Those reasons that may have
28 f 1200 50 10 5 made people particularly prone to H. pylori infection
28 f 2200 100 70 10 in earlier times (e.g. poverty and poor hygiene), are
31 f 2200 100 50 5 also related to mortality. Thus, the estimated rates,
;3 IIE ;ggg ;gg 38 ;8 especially in the older age groups, have to be
38 m 5500 100 150 50 considered with some caution. Nevertheless, the

principal findings of our study were based on large
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changes and differences, so that these methodological
reservations do not have much importance.

In infected subjects, spontaneous healing, develop-
ment of advanced atrophy and antibiotics given for
any infectious disease, may lead to the disappearance
of infection, which will be followed by seroreversion
[9]. In this study we could not rule out any of these
causes for seroreversion. Nevertheless, the total
number of seroreverters was small.

Age-dependent increases in the prevalence H. pylori
antibodies is a worldwide phenomenon [12]. Earlier
data from 1988 from a cross-sectional study of healthy
blood donors in Helsinki, Finland showed a clear
increase of prevalence by age [13]. Our study is the
first in which random samples from a geographically
defined population have been used to study changes in
the prevalence of H. pylori infection over time.

Age-dependent increases in the prevalence rates of
antibodies were clear in both samples. The 1994
prevalence distribution resembled that of the Finnish
blood donors in 1988, which began at 10% in the
youngest donors aged 18-25 years and reached 60 %
in the oldest group aged 56-65 years [13]. The age
distribution of prevalence rates in the 1970s was flatter
than in the 1990s, probably because the incidence in
childhood changed less many decades ago than
recently. The lower rate in the oldest age group in
1973 may be due to selective mortality.

Our data show a clearcut decrease in the age-
specific H. pylori seropositivity over the last two
decades in this population. In the four youngest 10-
year age groups the current population has about
25-30% units lower prevalence rates of H. pylori
antibodies than 20 years earlier. A similar conclusion
of decreasing H. pylori seropositivity was shown in
South Yorkshire, United Kingdom in three successive
groups of patients with suspected pneumonia, rubella
or pyrexia of unknown origin collected in 1969, 1979
and 1989 [16]. It was also suggested in an earlier study
from Finland [17].

Vammala has experienced socio-economic changes
comparable to other similar Finnish communities.
The standard of living has been rising, the educational
level is now much higher than in the 1970s and the
occupational structure has shifted away from agri-
culture to services. A reduction in the infection rate is
compatible with the hypothesis that better socio-
economic circumstances and improved hygiene have
reduced the risk of helicobacter infection [12].

Follow-up data on the H. pylori antibodies of the
same individuals showed that antibodies persisted in a
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great majority of those who had them 21 years earlier.
This occurred in a population that has not been
actively treated with the current combinations of
antimicrobial drugs, needed for the eradication of
infection. This is in agreement with the results of
Jones and colleagues [7], who in 1986 reported that
antibody titres remained at the same level in ‘a small
number’ of individuals whose paired sera, taken 8—12
years apart, were available.

A similar number of seroconverters and sero-
reverters (about 4 % for both of them and about the
same across the age groups) kept the rate of
seropositivity constant. This implies that the rate of
seropositivity in each cohort is mainly determined in
childhood, as suggested by Parsonnet and colleagues
[14]. Data supporting this cohort effect theory have
also been reported by Kuipers and colleagues [15]. In
a population with a higher rate of new infections in
adults, the continuous acquisition theory may be
more applicable [18].

The low number of new infections in adults, as
indicated by the low number of seroconverters, also
implies that reinfections are rare. A programme aimed
at the eradication of current infections could remove
the most important cause of chronic gastritis and
peptic ulcer disease in the population. If carried out
early enough in young adults, it could be expected to
decrease the risk of intrafamilial infections, which are
of particular importance to the epidemiology of
helicobacter infection in children [22] and in the long
run in the whole population.

Based on serological studies, H. pylori infection is
also a risk factor for gastric cancer [3—6]. During the
time of the decreasing trend in seropositivity for H.
pylori apparent in the present study, the incidence of
gastric cancer has declined according to data collected
by the Finnish Cancer Registry. The incidence
exceeded 60 per 100000 in males and 35 per 100000 in
females in 1953, but had fallen to a quarter in both
genders by 1993 [23, 24]. The observed decrease in the
prevalence of H. pyloriinfection may have contributed
to the reduction in the incidence of gastric cancer.

To conclude, our data mainly support the birth
cohort phenomenon as an explanation for the
increased occurrence of H. pylori infection seen with
age. The decreasing incidence rate of childhood
infections, has probably been declining for many
decades. Further studies will show whether the
increasing use of antimicrobials to eradicate helico-
bacter infection, as currently applied in developed
countries, will accelerate the decrease of infection
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rates and lead to decreasing numbers of patients
suffering from active chronic gastritis, peptic ulcers
[25] and gastric malignancies [23, 24, 26].
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