HELICOBACTER PYLORI CONSENSUS CONFERENCE

Determinants of ethnic or
geographical differences in
infectivity and transmissibility
of Helicobacter pylori
Carlo A Fallone MD FRCPC

CA Fallone. Determinants of ethnic or geographical differences
in infectivity and transmissibility of Helicobacter pylori. Can J
Gastroenterol 1999;13(3):251-255. The prevalence of Helicobacter pylori infection is variable in different countries. There
are two distinct patterns of H pylori prevalence with respect to
age depending on the geographical region studied. The first pattern is widespread infection early in childhood with elevated
prevalence rates of close to 80% throughout adulthood, and the
second is increasing prevalence with age. This variability in pattern suggests a difference in infectivity or transmissibility of H
pylori infection. Potential determinants of these differences are
reviewed including environmental, bacterial and host factors.
The most important determinant is likely socioeconomic class,
which affects living conditions and sanitation, thus altering exposure to the bacterium. Host factors also play a role, perhaps
via host receptors for H pylori. Bacterial factors may also contribute, although compelling evidence is lacking.
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H

elicobacter pylori is now recognized as an important
pathogen in the development of duodenal ulcer disease, gastric ulcer disease and chronic antral gastritis. It
also plays a prominent role in the development of gastric
malignancies such as mucosa-associated lymphoid tissue
lymphoma and gastric adenocarcinoma (1). Although the
majority of infected individuals do not develop the above
diseases, H pylori is probably the most common human infection worldwide. It is present in approximately 40% of
persons in the developed world and close to 90% of people
in the developing world (2). The determinants of these

Facteurs ethniques ou géographiques liés à
l’infectivité et à la transmissibilité
d’Helicobacter pylori
RÉSUMÉ : La prévalence des infections à Helicobacter pylori varie d’un
pays à l’autre. On note deux modes distincts de prévalence d’H. pylori en
ce qui a trait à l’âge, selon la région étudiée. Le premier tableau est une
infection étendue en bas âge, avec taux de prévalence élevé, à près de 80
% tout au long de la vie adulte, et le second est un accroissement de la
prévalence avec l’âge. Cette variabilité du mode de présentation suggère
une différence quant à l’infectivité ou à la transmissibilité de l’infection
à H. pylori. Les facteurs potentiels de ces différences sont passés en
revue, notamment les facteurs liés à l’environnement et à l’hôte et les
facteurs bactériens. Le facteur le plus déterminant est probablement le
statut socioéconomique qui affecte les conditions de vie et d’hygiène et
altère ainsi l’exposition à la bactérie. Les facteurs liés à l’hôte jouent
également un rôle, probablement par le biais des récepteurs de H. pylori
chez l’hôte. Les facteurs bactériens peuvent aussi contribuer, bien que
l’on ne dispose pour l’instant d’aucune preuve concluante à cet effet.

geographical or ethnic differences in H pylori prevalence
rates are the topic of the present review. Socioeconomic,
bacterial and host factors will be considered in turn.
WHAT ARE THE GEOGRAPHICAL OR
ETHNIC DIFFERENCES?
Pounder and Ng (3) reviewed the prevalence of H pylori
infection in different countries. The prevalence of this infection with respect to age follows one of two patterns depending on the country examined. The first pattern is high
prevalence during childhood (Figure 1). In countries
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Figure 1) The pattern of Helicobacter pylori prevalence rates
with respect to age seen in developing (A) and developed (B)
countries

where the first pattern is present, a large proportion of the
population is infected early in life so that by adulthood
close to 80% of the population is infected with H pylori.
The prevalence remains at this level for all older age
groups. Populations from developing countries tend to
have this pattern of H pylori prevalence. Examples include
Algeria (4), where 43% of children younger than nine
years of age are infected compared with 92% of those in
the fifth decade of life; Ivory Coast (4), where 54% of
those younger than nine years of age and 70% to 80% of
adults are seropositive for H pylori; Vietnam (4), where although only 13% of children younger than age nine years
are positive, 43% are positive before age 20 years and 50%
to 80% are infected in adulthood; Thailand (5), where
17.5% of children five to nine years of age, 55% of those
from 20 to 29 years of age and 75% of those in the fifth
decade of life are positive; Saudi Arabia (6), where 40% of
those in Riyadh between five and 10 years of age and 70%
of those more than 20 years of age are infected; Peru (7,8),
where close to 50% to 70% of children younger than 10
years of age are infected; Chile (9,10), where 60% to 70%
of people younger than 20 years of age are infected; Brazil
(11), with a 64% infection rate in those aged 15 to 18
years of age; and South Africa (12), where 60% of those
younger than 10 years of age and 94% of those younger
than 30 years of age are positive regardless of whether they
are from rural or urban parts of South Africa. Interestingly, the Caucasians of South Africa do not have elevated
rates throughout adulthood but rather show increasing
rates with age, more in keeping with the pattern demonstrated in industrialized countries discussed below. This
correlates with the higher socioeconomic status found in
this population compared with that of other South Africans.
The second pattern of prevalence with respect to age
seems to be present in more developed countries, or popu252

lations with higher socioeconomic status or better community sanitation. These populations show an increasing
prevalence of H pylori infection throughout life, with significantly lower prevalence rates in those younger than 20
years of age compared with populations following the first
pattern. In addition, prevalence rates generally do not exceed 60% until the sixth or seventh decade of life (Figure
1). Examples include France (4), with rates below 20% in
those younger than 20 years of age and below 40% in
those in their sixth decade of life. The rate is only 7.3% in
children aged two to 14 years in Belgium (13). Finland
(14) has similar results, with 10% of 18- to 25-year-olds
infected, but 60% of 56- to 65-year-olds infected. Studies
from the United Kingdom (15-18) also demonstrate agerelated rates from less than 35% in those younger than 30
years to 50% to 67% in those in their sixth decade of life.
In the United States (19), results also follow this pattern
with 10% of those 18 to 29 years of age infected compared
with 47% of those in their seventh decade. Social class
seems to play a role because the poorer Black populations
residing in Houston had rates of 70% compared with 34%
in the richer Caucasian populations in the same city (20).
However, the pattern followed is still that of increasing
rates throughout life for both Caucasians and Blacks. In
Canada, rates also increase with age at approximately 1%
per year, with rates of 21% in 20- to 29-year-olds compared with 47% in 60- to 69-year-olds (21).
WHY ARE THERE
GEOGRAPHICAL DIFFERENCES?
That the variations in H pylori prevalence rates found
among countries seem to parallel the socioeconomic status
of these countries suggests that the reason for these differences is related to increased exposure to the organism.
Lower socioeconomic status may result in poorer sanitation, overcrowding and contamination of water supplies,
which, in turn, would lead to further person to person
transmission of this infection via either a fecal-oral or
gastric-oral mode. This type of transmission would be
more favourable in developing countries and thereby
would result in higher rates of infection in the young
population of these countries. Because H pylori tends to
remain present in gastric tissue unless specifically treated,
the infection remains for life and the prevalence of infection remains high throughout adulthood. Approximately
10% to 20% of the population will never become infected,
either because their living environment somehow protects
them from exposure to H pylori or because they possess
host factors that prevent bacterial colonization.
In the developed world, living conditions are such that
both fecal-oral and gastric-oral spread of pathogens are decreased. Therefore, fewer children are infected. The
higher rate of infection as one ages, as opposed to a tapering rate after the second decade, has a few potential explanations. It is possible that new infections continue as one
ages. Continued acquisition with age is supported by a
study by Veldhuyzen van Zanten et al (21), who found
Can J Gastroenterol Vol 13 No 3 April 1999
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that approximately 1% of the adult population of eastern
Canada per year converted from seronegative to seropositive. The ‘cohort effect’ is another possibility. Individuals
who are currently more than 50 years of age had a childhood environment before World War II that was not as
hygienic as the present environment. There was more domestic crowding, and hot water could not always be supplied. Hence, these individuals had a higher rate of
infection in childhood, and, because infection is longstanding, the prevalence in these individuals is higher than that
of the the latest generation of children. This is also seen in
Japan (22), where the prevalence of infection increased at
approximately 1% per year for people born after 1950,
but, in those born prior to 1950, the prevalence is substantially higher (70% to 80%). These changes parallel the
dramatic improvement in socioeconomic status observed
in Japan during the same time period. In addition, a study
by Roosendaal et al (23) determined the presence of H pylori antibodies in Dutch children aged six to eight years
and aged 12 to 15 years from blood collected in 1978 and
1993. They found that, during 1978 to 1993, the H pylori
infection rate dropped from 23% to 11% in those aged 12
to 15 years and from 19% to 9% in those aged six to eight
years. This confirms a continuing decline of H pylori infection rate in children of a developed country and suggests a
persistent birth cohort effect.
FACTORS KNOWN TO INCREASE INFECTIVITY
AND TRANSMISSIBILITY
Consistently, it has been found that a variety of factors related to lower socioeconomic status are associated with an
increased prevalence of H pylori infection. These include
lower education level of parents, poor water supply, poverty and domestic crowding. The EUROGAST study
(24), for example, involved serological determination of H
pylori status in 3000 subjects from 17 populations in 13
countries. This study found an infection rate of 62% in
subjects with only primary school education compared
with 47% in subjects with secondary education and 34%
in subjects with postsecondary education. Malaty and Graham (25) estimated social class during childhood from parents’ education level, parental occupation and family
income and found that each variable was inversely related
to H pylori prevalence. The lowest socioeconomic class
had an 85% prevalence of H pylori infection compared
with 52% in the middle class rating and 11% in the higher
class levels. Staat et al (26) performed serology on more
than 2500 subjects from the United States and also found
an association with low education level of the head of
household (odds ratio [OR] 1.8), crowding (OR 5.6), poverty (OR 1.5) and being non-Caucasian (OR 2.6).
Lower socioeconomic status, likely because of its associated overcrowding and poor living conditions, can lead to
increased exposure to the bacterium and a higher H pylori
infection rate in developing countries. This must be a major determinant of the geographical differences observed in
the prevalence of H pylori infection.
Can J Gastroenterol Vol 13 No 3 April 1999

OTHER POTENTIAL DETERMINANTS
Bacterial factors: Although exposure to H pylori is necessary for infection to occur, other factors may contribute in
facilitating or preventing infection. These factors may be
bacterial or host in origin. It is known, for example, that
urease-deficient organisms are unable to infect the host
(27,28). It is also known that there is enormous diversity
in the genetic composition of H pylori , both in DNA sequence and in gene order (29-32). Whether such diversity
can account for different degrees of infectivity or transmissibility among strains has not been investigated. Whether
this diversity contributes to the different prevalence of this
infection in different geographical regions also is not clear.
Hook-Nikanne et al (33) examined isolates obtained from
infected subjects in Africa, the People’s Republic of China,
Japan, Peru, Thailand and the United States and found no
obvious geographical pattern by protein bonding with the
use of gel electrophoresis. Göttke et al (34) also found no
significant differences using phylogenetic analysis of the
DNA sequence and directed restriction enzyme analysis of
the flaA and vacA genes of isolates obtained from Berlin,
Germany, and Montreal, Quebec.
However, when Miehlke et al (35) compared the cagA
gene in isolates obtained from Korea with those from
Houston, Texas, variability was noted. Polymerase chain
reaction (PCR) was used to amplify the cagA gene with
two different primer sets. With the first set, they identified
the PCR amplicon for cagA in 98% of H pylori isolates
from Korea and 88% of those from Houston. In contrast,
with the second set of primers, the PCR product was
found in only 2% of Korean strains compared with 88% of
Houston isolates. This suggests that allelic variations exist
in the H pylori genome that are geographically distributed.
Pan et al (36) found similar variability when using two
sets of primers for cagA to test H pylori isolates from Chinese patients compared with Dutch patients. Perez-Perez
et al (37) also found variation in antibody titres to cagA in
serum obtained from patients of different countries, with
rates higher in Peru and Thailand (82% and 79%, respectively) than in Canada (42%), Holland (39%), China
(38%) and New Zealand (28%). This demonstrates some
geographical variation, but the pattern does not seem to
parallel the prevalence of infection in these patients, particularly in China where one would expect a high degree of
infectivity. Variability in the vacA gene has also been demonstrated in different countries (38), but no clear-cut pattern has emerged that would explain a difference in
infectivity in these countries.
Hence, although geographical variability of H pylori
may play a role in the infectivity or transmissibility of the
infection, thus contributing to different rates in different
populations, there is no compelling evidence that this is, in
fact, the case.
Host factors: In the United States, Malaty and Graham
(39) found that Hispanics have a lower rate of H pylori infection than Blacks despite attendance at the same daycare
centres. This suggests that host factors may play a role in
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the acquisition of infection. In a cross-sectional survey of
1060 consecutive patients presenting with dyspepsia in
Malaysia, Goh (40) found that ethnicity (in particular, being Indian) is an independent risk factor for H pylori infection (OR 4.9 [95% CI 3.2 to 7.5]). Although this may
suggest an inherent ethnic or genetic predisposition to infection, the association may also be due to varying sociocultural practices that are responsible for transmission of the
infection. Consistent with the former of these two possibilities are the results of an analysis of the Swedish Twin
Registry, which consists of 25,000 twin pairs (41). There
was a greater concordance for H pylori antibodies in monozygotic twins than in dizygotic twins (probandwise concordance of 81% versus 63%, respectively), even when the
analysis was limited only to twins who were reared apart after a young age. This strongly suggests that the host does
play a role in the acquisition of H pylori infection. Differences in the host from different ethnic or geographical origins may, therefore, contribute to the variable prevalence
rates seen in different regions of the world.
One mechanism by which the host may contribute to
the degree of infectivity or transmissibility is through the
presence of H pylori receptors. H pylori demonstrates
marked tissue tropism, binding solely to gastric or gastriclike (gastric metaplasia) epithelium, suggesting the presence of receptors to which the organism specifically binds
(42,43). Boren et al (44,45) described a potential receptor
as the Lewis b antigen. This antigen, which binds to H pylori, is found in reduced frequency in patients with blood
groups A and B compared with those with blood group O.
This finding fits nicely with the observation that duodenal
ulcer patients have a higher frequency of O blood group
than patients without duodenal ulcer (46). However,
clinical studies fail to confirm this association between
ABO and Lewis blood group antigens and H pylori infection rates (47,48).
Other potential receptors that have been found to bind

in vitro to H pylori include carbohydrates for hemagglutinins (49,50), phosphatidylethanolamine (51) and the basement membrane laminin (52). Again, there have been no
studies to assess whether these receptors can account for
differences in H pylori prevalence rates seen in different geographical regions.
Some associations have been discovered between the
presence of H pylori infection and human leukocyte
antigens (HLA), although the precise significance of these
observations is still not clear. In particular, HLA DR (5355) and HLA DQA1*0301 (56) are increased in those infected with H pylori. Whether this association occurs as a
result of induction of this particular class of inflammatory cells by H pylori or whether they are associated with
increased susceptibility to infection is not clear. H pylori
may bind to major histocompatability complex class II
molecules on the gastric epithelium to promote colonization (57).
CONCLUSIONS
The infectivity and transmissibility of H pylori are such
that two types of prevalence patterns predominate. The
first type is widespread infection occurring at an early age
with high prevalence rates persisting throughout adulthood. This pattern is found in developing countries. In developed countries, the pattern is increasing prevalence
with age. Clearly, the most important determinant of these
geographical differences is socioeconomic status, which affects living conditions and sanitation, thus altering exposure to the bacterium. Host factors also play a role in
acquisition of infection, perhaps via the existence of variations in the expression of H pylori receptors. Other factors,
including bacterial diversity, may contribute to the geographical and ethnic differences in the infectivity and
transmissibility of H pylori, but they remain to be proven.
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