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Abstract
Helicobacter pylori is a globally important and genetically diverse gastric
pathogen that infects most people in developing countries. Earlier reports
indicated high prevalence of H. pylori colonization, but a low frequency of
H. pylori-associated diseases in Africa but recent reviews have shown that
gastroduodenal disease is actually common in Africa. Most detailed
analyses of H. pylori have used strains from non-African countries,
despite the high importance of Africa in the emergence and evolution of
humans and their pathogens. There have been far fewer critical studies
such as genotypes in association with gastric disease, population genetics
and antimicrobial resistance and susceptibility of H. pylori strains from
Africa.
It is with this background that the genotypes of H. pylori in association
with gastroduodenal diseases, antibiotic susceptibility to commonly used
drugs and population genetics from ethnic African adults and children in
The Gambia were investigated.
In this study, it was found that the prevalence of H. pylori is high in
dyspeptic patients in The Gambia and that many strains were of the
putatively more virulent cagA+, vacAsl and vacAml genotypes. There
was a high prevalence of cagA positive strains in patients with overt
gastric diseases than those with non-ulcerative dyspepsia; conversely, the
co-existence of both cagA+ and cagA- was found to be protective against
the development of gastroduodenal disease.
Analyses of the sequenced data with the STRUCTUREsoftware indicated
that Gambian H. pylori strains were closely related to hspWAfrica than to
strains from more distant African regions (hspSAfrica and hpNEAfrica)
indicating common ancestral origin. Essentially no traces of European or
North African ancestry were found despite Gambia's history of invasion
and colonisation by peoples from these regions during the last
millennium.
Antibiotic susceptibility tests have shown that Gambian strains were found
to be highly sensitive to clarithromycin, erythromycin, tetracycline and
amoxicillin but found that more than two-thirds of Gambian H. pylori
strains were metronidazole resistant. These data indicate caution in use of
metronidazole-based therapies in The Gambia.
This thesis provides a detailed initial description of a set of H. pylori
isolates directly related to a geographically defined West African
population. The data presented has answered some relevant questions on
H. pylori virulent genes in association with gastro-duodenal diseases and
antibiotic susceptibility providing a comprehensive basis for future
studies.
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Chapter 1.0 Literature Review
1.1 Introduction
This study was part of a Helicobacter pylori (H. pylori) project jointly
sponsored by the National Institute

of Health (NIH) of USA and the

Medical Research Council (MRC) Unit, The Gambia, West Africa and was
conducted in The Gambia in a population with a high early childhood
incidence of H. pylori colonization. All subjects enrolled in this study were
Gambians of West African ethnicity.

This was a descriptive study aimed at providing the first data to evaluate
genotypes of H. pylori isolates obtained from study subjects living in The
Gambia, genotypes and clinical outcome and to compare the differences
with H. pylori genotypes from other countries and assess the population
structure of the strains from this study population and their relatedness
with strains from other geographically defined populations.

Taking part in this study was beneficial to the study subjects as it
influenced treatment

if associated diseases, such as peptic ulceration,

gastric cancer or pre-cancerous lesions were detected. In these cases, H.
pylori eradication therapy was offered.
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1.2 The Gambia
The Gambia is a country in West Africa that has become a centre for
tropical medical research, largely due to the MRC unit providing scientific
and clinical facilities unique in West Africa. The country has some urban
and semi-urban communities, but no major cities. It is the smallest
country on mainland Africa, bordered to the north, east and south by
Senegal, with a short coastline on the Atlantic Ocean and shares historical
roots with many other West African nations.

Figure 1.1 Map of The Gambia showing the administrative

regions

The country has an area of about 11 000 km>, less than 48Km wide at its
widest point and 338Km long. The country is divided into two halves by
the Gambia River which flows through the country's centre and empties
into the Atlantic Ocean. The Gambia is divided into five administrative
regions (West Coast, North Bank, Lower River, Central River and Upper
River regions) with 2 municipal areas -Banjul and Kanifing.

2

An agriculturally fertile country, its economy is dominated by farming,
fishing, and tourism. About a third of the population lives below the
internationally poverty line of US$1.25 a day [1].
The climate of The Gambia is tropical. There is a hot and rainy season,
normally from June until October, but from then until May there are cooler
temperatures with less precipitation [2]. The Gambia is one of the most
densely populated countries in the world with an estimated population of
2 million most of whom are Muslims (90%) and live in the rural villages
(630/0).A wide variety of ethnic groups live in the Gambia, each
preserving its own language and traditions. The Mandinka tribe is the
largest, followed by the Fula, Wolof, Jola and Sarahule [2]. About 99% of
the population is African and 1% non-African. The non-African residents
include Europeans and families of Lebanese origin [2].

The Gambia's first contact with Arabians was about the 9th century AD
during the trans-Saharan trade, when Arab merchants and scholars
established trade routes in West Africa to trade in slaves, gold and ivory.
Contacts with Europeans, which was mainly in trade, began in the 15th
century with the Portuguese and French, which turned into predominantly
slave trade. In the 17thCentury, The Gambia was colonised by the British
and gained full independence from Britain in 1965.
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1.3 Human gut Microbiota

The human body is inhabited by a large number of micro-organisms
including bacteria which evolve throughout the life of the individual and
play crucial roles in the maintenance of health but also contribute to the
development of disease. The human gut of an average healthy adult
individual contains about 100 trillion bacterial cells and outnumbers the
human cells by 10 to 1 [3] and it is estimated that 500 to 1000 species of
bacteria live in the human gut as normal gut microbiota [4].

Colonisation and composition of the human gut begins during birth upon
passage through the birth canal [4] and thereafter influenced by other
factors such as environment, infant diet, hospitalization, antibiotics and
kinship [4-7]. In addition, host genetic factors also play an important role
in the composition of the gut microbiota [4,5]. The normal gut microbiota
in healthy individuals helps maintain the health of the host. However, the
overgrowth of these micro-organisms which can lead to disease state is
continuously checked and a balance maintained by the host immune
system. The gut macrophages, T cells, B cells and secretory IgA maintain
a proper immune response to the gut resident microbiota and invading
pathogens [4,6] to prevent or control disease. In addition, the integrity of
the gut mucosal barrier, gastric acidity and peristalsis normally control
bacterial colonization of the human stomach thereby prevent disease.
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1.4 Imbalances of the Gut and disease
Studies have revealed that deviations from the "normal gut microbiota"
due to intrusion by antibiotics or invading pathogens leads to disruption of
the fine balance between host and resident microbiota which may lead to
disease states [8]. The consequent immune response of the host towards
the invading pathogen may decrease the viability of resident microbiota
allowing the invading pathogen to occupy the vacated niche and establish
itself [9-11]. The proteobacteria which includes H. pylori have utilized
these hosts' responses effectively to successfully colonize the human gut
and initiate disease processes [4].

1.S Historical background
Contemporary scientific research has shown that the bacterium now
known as H. pylori was recently rediscovered in 1982 [12]. This
bacterium was originally referred to as Campylobacter pvtoridts because
of its similarity to Campylobacter. However, in 1989, flagellum
morphology, fatty acid content and phylogenetiC analysis using the 165
rRNA gene led to new evidence that this bacterium does not belong to

Campylobacter [13] but rather in a different group within the Gram
negative bacteria. Thus, the bacterium was placed in its own genus
Helicobacter [13].

The first description of H. pylori dates back to the 19th century, when two
German scientists called Bottcher and Letulle found spiral bacteria in the
5

lining of the human stomach [14]. In 1889, Jaworski found spiral-shaped
bacteria, which he called Vibrio rugula, in gastric washings [14] and in
1892, the Italian researcher Giulio Bizzozero identified spiral-shaped
bacteria in the gastric mucosa of dogs [14]. The identified spiral-shaped
bacteria could not be grown in conventional culture media and so these
early studies did not have much impact and were eventually forgotten. In
the 20th century, however, interest in this bacterium was reactivated
when in 1982; Warren inoculated gastric biopsies on a non-selective
chocolate agar. After two days incubation in micro-aerobic atmosphere,
there was no visible colonial growth on the media plates. The plates were
however unintentionally left for six days, and fortuitously there was
visible bacterial growth of what is now known as H. pylori on the plates
[13]. Robin Warren and Barry Marshall established the relationship of H.
pylori with gastritis after they performed self inoculation with H. pylori
and consequently developed symptomatic gastritis shortly after ingestion
of the bacteria.

To date about twenty species have been identified infecting a varying
number of hosts ranging from human to poultry [15]. The ecological niche
of the species H. pylori in man is the gastroduodenal mucosa. However,
H. pylori has been isolated from dental plaque, faeces and blood [16-19].
There is also evidence that H. pylori is found in water and the
environment, although this has only been confirmed by molecular
methods such as peR and not by culture [20].
6

1.6 Detection of Helicobacter pylori
There are several methods that are available for the detection of
infections caused by H. pylori. These methods can be grouped into
invasive, semi-invasive and non-invasive and the choice of test largely
depends on clinical status, availability and affordability. The objective for
all the methods employed for diagnosis is to demonstrate that the H.
pylori bacterium is present in the upper gastro-intestinal

tract. In recent

times, because H. pylori is a fastidious organism and difficult to culture,
the approach has focused on detection of specific DNA sequences instead
of culturing the bacterium and this has increased sensitivity.

1.6.1 Invasive methods
1.6.1.1 Upper gastric endoscopy
Upper gastric endoscopy is regarded as the gold standard and reference
method used for the detection of H. pylori and diagnosing problems and
diseases in the upper gastric tract associated with H. pylori infection such
as gastric and duodenal ulcers, stomach cancers and gastritis. The
procedure involves the examination of the oesophagus (gullet), stomach
and duodenum (the first section of the small intestine) with a long flexible
tube with a light source and a video camera attached. The images
captured are viewed on a television (TV) monitor.
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1.6.1.2 Biopsies for culture and Rapid Urease Test (RUT)

Gastric tissue is removed from the gastric mucosa by employing forceps
passed through the operating tube of the endoscope to the gastric wall.
Biopsies are taken either from the body and/or antral part of the
stomach.

1.6.1.3 Culture

The biopsies collected during endoscopy are directly inoculated on
appropriate media which is incubated at 37°C in micro-aerobic
atmosphere and examined for growth between 4-7 days [21]. The
method is specific but sensitivity is low due to the fastidious nature of the
organism [22].

1.6.1.4 Rapid Urease Test (RUT)

This test, also known as Campylobacter-Like Organism (CLO) test, utilizes
the ability of H. pylori to produce large quantities of urease [23]. The
biopsy obtained during endoscopy is inoculated into a medium that
contains urea and phenol red indicator. If H. pylori is present in the
tissue, the urease produced by the organism hydrolyzes urea to form
carbon dioxide and ammonia thereby creating an alkali environment
turning the medium from yellow to pink within one minute [24,25]. The
sensitivity and specificity of the test is high [25,26]. The test is now
commercially available; it is accurate and relatively cheap [26].

8

1.6.1.5 Histology
This method requires endoscopy and the collection of gastric biopsies. The
formalin fixed or frozen biopsy samples are stained using HaematoxylinEosin, Giemsa, Silver stain or antibody-immuno

stain and examined for

the presence of H. pylori [27-30]. Although some staining techniques may
be unreliable [31], sensitivities of up to 98% have been reported [30].
This technique requires expertise, and may take up to five days or more
after sampling to obtain a result. However, a marked advantage of this
method is that gastritis, intestinal metaplasia and atrophy can be
accurately [32] assessed and confirmed.
Upper gastric endoscopy is an invasive and costly technique that causes
discomfort to patients. In addition, although sterilization techniques of
scopes have improved greatly, the risk of contamination by HIV and
Hepatitis C viruses still remain [29]. Other disadvantages of this
technique are that it only explores a small part of the stomach which can
lead to sampling errors and only available in specialist endoscopy units
which limits its use in developing countries and field studies. Thus,
numerous non-invasive methods have been developed and evaluated over
the years.
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1.6.2 Semi-Invasive

methods

1.6.2.1 Serological test

The method involves the use of venous or peripheral blood to measure
IgG antibodies in response to H. pylori infection. Several methods have
been described including the Enzyme-Linked Immunosorbent Assay
(ELISA) [33,34] and commercially available Latex test kits. The tests are
generally simple to perform, reproducible and cheap [35] but the
sensitivity is low. The serological methods are very useful for
epidemiological [36] and retrospective studies but cannot be used for the
confirmation of successful treatment [37].

1.6.3 Non-Invasive

methods

1.6.3.1 Urea Breath Test (UBT)

The UBT is based on the ability of H. pylori to breakdown urea into
ammonia and carbon dioxide. A radioactive labelled carbon capsule
containing urea (14C) or a non-radioactive isotope (l3C) is swallowed by
the patient. If H. pylori is present in the stomach, the urea is hydrolyzed
into radioactive labelled carbon dioxide (C02) and ammonia. The CO2 is
absorbed in the blood and released in the lungs where it is exhaled in the
breath. The extracted air is collected and measured. 14C is a beta-emitting
radioisotope and can be detected using liquid scintillation counting whilst
13C is a stable, non-radioactive isotope that is measured using a mass
spectrometer. The test is highly accurate, specific, sensitive and painless
[23,38-40] and suitable for use in epidemiological studies including
10

children. However false negative results have been reported in cases
where the patient is receiving acid suppression medications and/or is
suffering from active bleeding [41-43] and also requires equipment which
is routinely unavailable in most laboratories especially in resource poor
countries. However, the test can be used to demonstrate that H. pylori
has been eradicated after successful treatment with antibiotics [44].

1.6.3.2 Stool culture
There is continued evidence that H. pylori are transmitted through the
oral-faecal route [45]. Although, this remains largely speculative due to
the difficulty of successfully culturing the organism from stool. Several
studies [17,46,47] have successfully isolated H. pylori from faeces albeit
with great difficulty largely due to the presence of gut microbiota,
susceptibility of the bacterium to bile salts and the fastidious nature of the
organism [29]. These difficulties have resulted in the development of
molecular and antigen based methods for the detection of H. pylori in
stool.

1.6.3.3 Stool Antigen test
Several commercial methods are now available for the detection of H.
pylori antigen in stool [48-50]. These antigen-based tests are highly
sensitive and specific [51,52], simple to perform, cheap and do not
require specialized equipment and/or personnel. They are also very useful
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in large scale epidemiological studies especially in children and can also
be used to evaluate success in H. pylori eradication therapy [53].

1.6.3.4 Urine antibody test

A rapid urine test (RAPIRUNR) is a commercial method used to detect
anti-H. pylori IgG. The test was found to be highly specific and sensitive
and is useful for H. pylori screening [54]. However most of these studies
have been done on Asian strains and therefore the test kits should be
evaluated with local strains.

1.6.3.5 peR of stool

In recent times, because H. pylori is a fastidious organism and difficult to
culture, the approach has focused on detection of specific DNA sequences
instead of culturing the bacterium and this has increased sensitivity.
These DNA based methods (peR) have been successfully used to detect
H. pylori from stool and has shown acceptable sensitivity and specificity
[55] despite the presence of inhibitors [56,57] and also H. pylori
degradation in the intestine [58].

1.7 Epidemiology

H. pylori is endemic in human populations colonizing the human gastric
mucosa leading to the development of gastro-duodenal diseases in adult
life, usually after years of chronic infection [59,60]. Prevalence of about
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20% has been reported in developed countries and over 80% in
developing countries including Africa [19,61-67].

Once established, colonization usually persists for a very long time unless
treated by antibiotics [68]. Chronic H. pylori infection is one of the
strongest key factors in the etiology of various gastrointestinal diseases,
ranging from chronic active gastritis without clinical symptoms to gastric
and duodenal ulceration and gastric adenocarcinoma [69-74].

The high prevalence in developing countries do not parallel the
development of H. pylori-associated diseases as peptic ulcers and gastric
carcinomas were reportedly rare in individuals from these countries
particularly in Africa [19,62,67,75]

compared to those from Europe and

USA [76-78]. This observation, which has been termed "The African
Enigma", remains largely unexplained. It is however, believed that
geographical variations in pathogenic determinants between isolates of H.
pylori and variations in stomach ecology, host immune mechanisms and
physiology between human populations may be very important factors
[47].

However, recent reviews and studies have shown that, the prevalence of
gastric diseases such as gastric cancers, gastric and duodenal diseases in
Africa are indeed comparable with those in Europe [79,80]. The "Africa
Enigma" may have been due to poor maintenance of cancer registries,
13

shorter life expectancy compared to developed countries, inaccessibility to
competent health facilities to accurately diagnose these diseases and poor
study designs.

1.7.1 H. pylori genotypes in children
H. pylori are acquired very early in life particularly in Africa where up to
960/0 of children are infected by the age of five years [19,65]. The studies
that have so far characterized child isolates have also shown marked
geographical differences of genotypes. For example, studies in Brazil,
Slovenia, Colombia, North America, Korea and Japan [81-86]

have shown

that between 64-75% of all child isolates carried the virulent 51 allele of
vacA gene. 82% and 94

%

of Korean isolates [84] carried the m1 allele of

vacA gene and cagA gene respectively which is similar to figures reported
in Japan [81]. Similarly in Brazil [82], the majority of child isolates were
m1 allele positive. This may be a contributing

factor to the high risk of

gastric carcinoma in adult life in these populations [39,86].

In contrast, a

significant number of children carried the less virulent genes of cagA and
vacA in Portugal [87] than isolates from adults. This is similar to figures
reported in Israel [88] where only about 25% of children carried the
virulent cagA gene and 65% of the avirulent vacA alleles of 52m2.

1.7.2 Transmission
The transmission of H. pylori is poorly understood because of the
difficulties of obtaining samples for large epidemiological transmission
14

studies. It is believed that transmission of H. pylori occurs mainly at an
early stage in life and mainly between siblings [89]. Several studies have
considered close contact between individuals through vomitus, saliva
[90,91] and also direct contact [92] as important routes for transmission.
Individuals can also be infected through the faecal-oral route by ingesting
contaminated water and food [90,92].

In recent studies in China and Iran,

similar H. pylori genotypes were found in both the saliva and stomach of
patients indicating that saliva can be both a transmitting
vector [93,94].

and re-infecting

However, a study in Europe found that oropharygeal

infection seem to be independent to gastric infection [95]. It has been
observed in some studies [96] that the house fly is a vector for the
transmission of H. pylori. However, in Gambian villages where there is a
high prevalence of H. pylori, the house fly is neither an important
reservoir of infection nor a major route of transmission [97].

The only proven route of transmission is the hospital acquired infection
during endoscopy. This iatrogenic transmission can occur when the
endoscopy is not adequately disinfected [98,99].

Generally low sanitation,

low social class and overcrowding are important risk factors for the
transmission of this organism particularly in developing countries.

The prevalence of H. pylori infection in industrialized countries has
declined dramatically during the last century [100], probably due to
improvements

in hygiene and sanitation. In these societies, the pattern of
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transmission is predominantly

intrafamilial

[89,101]

(although community

transmission is frequent in developing countries), and there is also
generally low risk of infection in adulthood.

1.8 H. pylori pathogenesis
H. pylori is one of the most successful human pathogens and over half of
the world's population is colonized with this Gram-negative

bacterium with

prevalence of over 80% in many developing countries including The
Gambia [19,62,63,102],

typically starting in infancy [19,102,103]

and

lasting for life [104]. H. pylori isolates possess substantial genotypic
diversity, which engenders differential host inflammatory

responses that

influence pathologic outcome. The majority of people infected with H.
pylori remain asymptomatic;

only about 20% eventually proceed to

develop severe H. pylori associated diseases. Distinct H. pylori genotypes
have been linked to the risk of gastroduodenal diseases. These include
the vacA, cagA and iceA genes. The vacA mid region shows a marked
geographic variation. For example, the majority of European H. pylori
strains carry the mla allele, whereas, Asian and Indian H. pylori strains
carry the mlb and mlc alleles respectively [21].

Most H. pylori strains from patients with gastro-duodenal

disease from

industrialized countries carry the cagPAI, whilst the majority of strains
from subjects with H. pylori colonization lack cagPAI [lOS]. For example,
600/0 of H. pylori strains isolated from patients with gastric disease in
16

industrialized countries carry the cagPAI [106]. However, almost all Asian
H. pylori strains carry the cagPAI and the toxigenic "sl"-type

alleles of

vacA independent of disease [21]. The majority of cag-positive strains

also carry the sl allele of vacA [107-109], whereas majority of cagnegative strains contain the non-toxigenic s2 allele.

The iceA gene which consists of two alleles; iceA1 and iceA2 [105] have
been associated with disease outcome. For example, iceA1 isolates have
been seen significantly more often in patients with peptic ulcer diseases in
Turkey [110,111] and gastric carcinoma in South African patients [112]
whereas the iceA2 genotype was mostly reported in patients with gastritis
[110,112] in a study in South Africa.

Most studies [21,105,113] that investigate this diversity focused on
bacterial factors such as cagA and vacA genes. There have been
conflicting and inconsistent reports as some countries with high
prevalence of H. pylori carrying the cagA and vacA genes do not parallel
disease outcome [21,114-116]. Further, a study in Colombia [117] has
found that there is a 25-fold increase in gastric cancer rate in the
mountain regions as compared to coastal areas despite similarities
(",900/0) in H. pylori prevalences. This therefore suggests that apart from
bacterial factors, there are other important determinants of the risk of
overt disease such as human genetic and physiology, nutrition and
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environmental

factors which significantly

contribute to H. pylori associated

disease outcome [118,119].

It has not been clearly established as to how the presence of H. pylori
leads to gastric and duodenal ulcers, but disruption of gastric and
duodenal mucosal integrity seems to involve a complex interaction
between the host and pathogen. The complex interaction between
bacterial, host genetic and environmental

factors lead to different clinical

outcomes of H. pylori infection in different geographic regions of the
world. H. pylori have developed effective ways of evading the host
immune response during colonisation and establish persistent infection
[120,121] .

1.8.1 Urease gene
A thick layer of mucus that covers the stomach lining protects the
stomach from its own gastric juice. H. pylori take advantage of this by
living in the mucus lining. Once H. pylori is in the mucus layer, it is able
to fight the harsh condition of the stomach with copious production of the
enzyme urease. The urease which has two subunits (ureaseA -3KDA- and
ureaseB -62KDA) [122] is found in both the cytoplasm and cell membrane
of the organism and is produced in large quantities both in vivo and in
vitro [99]. The urease gene plays a key role in the colonization,
pathogenicity,

motility and survival of this organism. The urease genes

are conserved in most strains of H. pylori and are used for the detection
18

of H. pylori in biological specimens [123]. After being ingested, H. pylori
produce copious amounts of urease which neutralises the acidic contents
of the stomach to an optimal pH for survival [120,124].

The urease

hydrolyzes urea to form carbon dioxide and ammonia as a by-product
thereby neutralizing the excess acid found in the stomach, creating a
more basic pH between 5.5 to 8.5 (figure 1.2) and conducive environment
for survival [125]. The strong bases protect H. pylori from the acid in the
stomach [126J. The large quantities of ammonia and ammonia byproducts produced such as protease and phopholipases (enzymes that
break down proteins and hydrolyze phospholipids into fatty acids and
other lipophilic substances respectively)

chloramine [127] have also been

shown to have cytotoxic effects [127J.

Figure 1.2 Schematic representation of urease production and
hydrolysis in the stomach.
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Further, the urease activity that reduces gastric acidity, the shape,
mobility, the action of the bacterium's polar flagella that counteracts
peristalsis [128], and mucus degrading ability [129] of H. pylori assist the
bacteria to invade the mucus layer of the stomach and bind to the inner
surface of the gastric epithelial cells with the help of many adhesions
including BabA, OipA, SabA etc [120].

1.8.2 Host Factors
Several studies have shown that apart from bacterial factors, host genetic
polymorphisms are also very important in determining H. pylori
associated diseases. In general the over expression of the proinflammatory

cytokines such as IL-1f3, IL-8, increased TNF-a and gastrin

were shown to be associated with the development gastritis and gastric
cancer [118].

The presence of H. pylori in the gastric mucosa induces both active and
chronic inflammation
tumour-necrosis

via the release of cytokines such as interleukin-8,

factors-a (TNF- a) and interleukin-1f3 [130]. Studies

have shown that the resultant gastric inflammation

can lead to H. pylori

eradication by affecting the ability of the bacteria to survive [131].

H. pylori colonization of the mucus layer induces an inflammatory
response. Host immune gene polymorphisms

and gastric acid secretion

largely determine the bacterium's ability to colonize a specific gastric
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niche. The severity of this inflammation
(type B or type AB) [130,132]

underlies the type of gastritis

and H. pylori clinical diseases such as

duodenal and gastric ulcers [133]. It has been shown that the amount of
acid produced in the stomach correlates with the type of ulcer [132]. The
large amount of acid produced by some people may confine H. pylori in
the antrum and the subsequent inflammatory

response may induce the

production of gastric juice which stimulates the corpus to secrete more
acid [134,135].

The increased acid load damages the duodenum leading

to duodenal ulcers. In contrast, normal or low acid production in some
people allows H. pylori to survive in the body of the stomach. The chronic
infection leads to further reduction of acid production which leads to
atrophy of the stomach lining, gastric ulcer and gastric cancer as
illustrated in figure 1.3 which shows that disease development takes
decades after colonisation [124].
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Figure 1.3 Development of disease following H. pylori infection
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This observation is consistent with findings in humans [132] and also in
mouse models [136,137]

which suggest that susceptibility to H. pylori

infection and disease development may partly be dependent on host
genetiC factors.

1.8.3 Cellular responses
H. pylori infection provokes an acquired immune response with the
production of antibodies and either a Th 1 or Th2 response [138]. During
active disease, H. pylori induces a Th 1-mediated pro-inflammatory
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response that recruits CD4+ T cells resulting in the increased local
production of cytokines such as IFN-y and interleukin-12

[139].

In experiments using animals [138], mice with a predominant Th1
response developed more gastric inflammation

during H. pylori

colonization than those with a Th2 response. These data suggest that a
Th2 response may protect against symptomatic

H. pylori infection.

Endemic helminth infection can also modulate the immune response in
favour of a Th2 response. This observation in mice [140] may also explain
the relative low prevalence of H. pylori-associated

disease in Africa

despite high H. pylori prevalence.

1.8.4 H. pylori and non-gastroduodenal

disease

H. pylori colonisation also increases the risk of infection by diarrheal
pathogens [141], iron deficiency [142] infant malnutrition

and growth

faltering in low income societies [143,144].

1.8.4.1 Iron-deficient

anaemia

Iron deficiency anaemia (IDA), which is one of the most common
nutritional deficiencies in the world, has been associated with H. pylori
infection. Almost all pathogenic bacteria including H. pylori require iron
(Fe) for metabolism and growth. H. pylori could cause iron deficiency
indirectly by suppressing gastric acid secretion, thereby reducing solubility
and uptake of dietary iron. There is also evidence obtained with a mouse
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infection model suggesting that H. pylori successfully competes for dietary
iron when the diet is iron poor [145]. Other potential explanations for an
association between iron deficiency and H. pylori include occult blood loss
from gastric erosion. Thus, in addition to host and environmental factors,
colonisation of the stomach by H. pylori may be involved in the
development of IDA [146]. Several studies have shown a strong
association between H. pylori infection and IDA [142,147,148] regardless
of the presence or absence of peptic ulcer disease [149].

1.8.4.2 Diarrheal diseases
It is believed that low acid secretion (hypochlorhydria) as has been seen
in Gambian children [150] and the loss of gastric acid barrier could
increase susceptibility to gastric pathogens thereby increasing the risk of
diarrhoea in H. pylori infected individuals. In a study in Peru [141],
children infected with H. pylori had twice the risk of diarrhoeal disease in
a year than uninfected children.

1.8.4.3 Malnutrition and growth faltering
Loss of gastric acid barrier and injury of the lining of the small intestine
due to H. pylori infections may lead to damage to the intestinal mucosal
barrier and poor absorption of nutrients which leads to malnutrition and
growth faltering. In The Gambia where H. pylori colonisation in infancy is
high [19,62], significant growth faltering and malnutrition was found in
children with early H. pylori colonisation.
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1.8.4.4 Diet and gastroduodenal

disease

H. pylori infection is an established risk factor for the development of
gastro-duodenal

disease but the development of gastroduodenal

disease

is influenced by other factors. The incidence of gastric disease varies in
different ethnic groups and geographic locations [75,151,152].

Among the

factors implicated in this difference is diet, which is an important factor in
the development of gastroduodenal

disease. Animal and case-controlled

studies in humans [153] have shown that the risk of gastric cancer may
be increased with a high intake of salt, preserved foods and foods high in
fat and low intake of fruits and vegetables. Diet high in fruit and
vegetables was shown to be protective against gastriC cancer in an urban
Portuguese population and also in USA [154,155].

Further, a 25-fold

increase in gastriC cancer was observed in a population in South America
[117] whose diet was predominantly

starch-based when compared to

those with sea food based diet. Studies have shown that Nickel is
important

in H. pylori survival. Nickel free diet has been shown to reduce

urease activity and expose the bacterium to the gastriC acid with a
decrease of survival [156]. Similarly in Korea [157,158],

a Korean pickled

dish was shown to contain a strain of bacteria called Lactobacilli plantarun
NOl. This bacterial strain was found to reduce the activity of urease found
in H. pylori by 40-60% and consequently antagonised the ability of H.
pylori to bind to human gastric cell lines [158]. Red ginseng from Korea, a
natural herb and an extract of lichochalcone A were shown to have
properties that stops inflammatory

carcinogenesis associated with H.
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pylori infection thereby blocking the progression of H. pylori associated

precancerous lesion respectively [157].

1.8.4.5 Benefits of H. pylori colonisation

Studies have shown that H. pylori have co-evolved with human kind
[159,160] for more than 60 0000 years. There have been suggestions
that since H. pylori has been with man for thousands of years, it must
have possible benefits to mankind [161]. It has been reported in some
studies that H. pylori colonisation may be beneficial [162,163] as
disorders such as esophageal diseases, childhood-onset asthma and
tuberculosis are less likely to occur in patients infected with H. pylori
[162-164]

Several studies have reported an inverse relationship between H. pylori
and Gastro esophageal reflux disease (GERD) [165]. GERD is a condition
in which the stomach contents leak backwards from the stomach into the
oesophagus. This action can irritate the oesophagus, causing heart burn
and other symptoms. Despite the benefits shown in above studies,
systemic studies at least in Western societies showed that there is no
relationship between H. pylori colonisation and GERD [166].

1.9 Characteristics

of H. pylori

H. pylori belonged to the family Helicobacteriaceae and it is spirally

shaped as shown in figure 1.4. The genus Helicobacter
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is derived from

two Greek words "helix" which means "spiral" or "coil" and "bakterion"
which means "small staff" [167]. The species name "pylori" also came
from two Greek words such as "pyle" which means "gate" and "ourus"
which means "keeper" [167], referring to the pylorus region of the
stomach where H. pylori mainly resides.
Figure 1.4 3-~ image of H. pylori
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1.9.1 Laboratory diagnoses
1.9.1.1 Cultural characteristics and growth requirements
H. pylori is a motile, non-spore forming bacteria. It is a fastidious
organism and technically very difficult to grow and maintain as repeated
culture leads to loss of viability [168]. Its successful growth on culture
media is dependent on several factors such as temperature,

oxygen

stress, availability of nutrients [168], and pH between 5.5-8.5. There are
several basal media such as Columbia agar [21], Brain Heart infusion
agar [169,170],

Brucella [22] and Mueller-Hinton

agar [26] enriched with

blood or blood products which have been described and used for the
isolation of H. pylori. H. pylori grows well on Columbia agar supplemented
with 10% laked or lysed horse blood and 1%
UK) which contains micro-nutrients

vitox (Oxoid, Basingstoke,

such as vitamin B12, adenine, L27

cystine, cysteine, Nicotinamide adenine dinucleotide (NAD). It is a microaerophile and requires an atmosphere composed of 86% Nitrogen, 4%
oxygen, 5% carbon dioxide and 5% hydrogen [171] to grow. After 3-7
days incubation at 3s-37°C, on 10% Columbia-Blood agar, H. pylori
colonies are grey, convex and translucent colonies of 1-2mm diameter.
The morphology of this organism changes from a typical spiral or rodshaped to coccoidal forms after 10 days of storage [168]. These changes
are attributed to reduction in DNA, RNA and ATP quantities [168] as a
result of unfavourable conditions such as nutrient starvation during
prolonged incubation, exposure to antibiotics and extreme temperature
and pH. These coccoidal forms are generally unculturable [15] but may be
involved in transmission [172].

1.9.1.2 The use of gas generating kit

The atmosphere in which H. pylori is incubated is a critically important
factor in the successful growth and isolation of the bacteria from clinical
specimens. Micro-aerobic incubators are used primarily in the study and
isolation of micro-aerophilic organisms such as Campylobaeter species
and H. pylori and other similar organisms. Here up to four gases nitrogen, carbon dioxide, air and a 10% hydrogen/nitrogen

mix - can be

combined within safe and varying ratios to provide a specific atmosphere.
These incubators however are expensive and not within reach of most
laboratories in the developing world. Therefore, gas generating kits
(GasPaks) have been used as a cheaper and more convenient alternative.
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However, these GasPakshave been shown to provide a variable microaerobic atmosphere [29,173]. The generation of a suitable micro-aerobic
atmosphere using GasPakscan take up to thirty minutes, during which
time the stressed H. pylori becomes non-culturable as a result of the
toxicity of high levels of oxygen.

1.9.1.3 Gram Stain appearance

The Gram reaction of H. pylori exhibits a marked degree of
pleomorphism. It is helical, coma-shaped and sometimes straight GramNegative bacilli measuring between O.5-1.0~m in diameter and 1.5-101-lm
in length [171].

1.9.1.4 Extracellular enzyme activities
H. pylori is mostly inactive in conventional biochemical reactions as it

neither oxidize nor ferments carbohydrates. However, it is catalase and
oxidase positive. H. pylori is also urease positive and this ureolytic activity
is usually very rapid and strong.

1.10 Genomic features and genetic diversity of H. pylori

In recent years, the complete genome sequences of several H. pylori
isolates have been published [174-177]. The genome (a circular DNA) is
about 1.6 to 1.7 mega bases [177] with a low G+C content of about 3244% and is relatively small when compared with other bacteria such as
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Staphylococcus

aureus [178] and Neisseria gonorrhoeae

[179]. The

genome contains some predicted genes that encode surface exposed and
secreted proteins that are likely to be important in host-pathogen
interactions [180].

A most striking feature of H. pylori as a species is its high genetic
diversity: any 2 independent clinical isolates even from the same
community differ on average by some 3% or more in base substitutions

in

essential housekeeping genes and 5% or more in gene content [181].
Individual isolates are almost always distinguishable

from one another by

random amplification of polymorphic DNA (RAPD)-PCR typing or focused
DNA sequencing of 1 or 2 housekeeping genes [182]. This diversity has
been ascribed to multiple factors: (i) frequent mutation throughout
genome [183];

(ii) ON-OFF switching of certain contingency genes due to

frame shift mutations in repetitive sequence tracts [184];
recombination

the

between H. pylori lineages [185];

(iii) extensive

(iv) selection stemming

from differences among humans in traits important to individual strains,
which may be strongest immediately after colonization of a new host and
again later, as host immune and inflammatory
pylori's

responses develop; (v) H.

preferential transmission within a family or local community

[89,186],

and (vi) the extraordinary

chronicity of infection (frequently for

decades), which creates a highly fragmented

population structure,

equivalent to island populations of classical higher organism population
genetiCS [187]. Collectively, these features diminish the chance that few
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genotypes might emerge ideally adapted for all human hosts. Rather
many evolutionary trajectories may develop, a situation likened to "a
rugged evolutionary landscape" [188].

1.10.1 H. pylori virulence genes

Amongst the genes known to playa role in disease causation are cagA,
encoded within the cag pathogenicity island (cagPAI), the vacuolating
cytotoxin, vacA and iceA gene (induced by contact with epithelium).

1.10.1.1 cagA

The cagA protein is produced by a majority of H. pylori strains [189].
Once H. pylori comes in contact with the stomach gastric epithelial cells,
this toxin is injected into the cells of the stomach lining thereby altering
the structure of the stomach cells and allowing the bacteria to attach
themselves more readily leading to chronic inflammation. The cells
undergo tyrosine phosphorylation [190,191] which eventually leads to
morphological transformation [191]. Long-term exposure to the toxin
causes chronic inflammation. However, not all strains of H. pylori carry
the cagA gene; those that do are classified as cagA-positive.

The strains that do not produce this toxin (cagA negative) are believed to
be less virulent. Most isolates from patients with gastro-duodenal
diseases from industrialized countries carry cagPAI, whilst many strains
from subjects with more benign colonization do not.
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1.10.1.2 3' repeat sequence of cagA
Sequence analysis of the cagA gene reveals that this protein is
heterogeneous and varies in size due to the variable repeat sequences of
the 3' region of the gene [191,192].

At least four subtypes (A-D) have

been described based on their sizes [115,193].

The function of this heterogeneity is not well understood. However it is
believed that this variability influences pathogenicity and is also used by
the organism to evade the immune system by presenting antigenic
diversity or immune dominant non-protective

epitopes [59].

1.10.1.3 vacA
The vacA gene is present in all H. pylori strains but only about 50% of the
strains have detectable cytotoxin activity [113]. This cytotoxin, which is
an important virulence determinant,

induces vacuolation of mammalian

epithelial cells [194] and also suppresses Band T cell-immunity
[195,196].

1.10.1.4 Signal and mid region of vacA
The vacA gene comprises of two variable parts, namely the signal peptide
coding signal region (s) and the mid (m) region [197]. The "s" region also
comprises of two alleles sl and s2, and the sl allele has several subtypes
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such as sla, slb, slc. The "mil region also has two main alleles namely

ml and m2 with the ml comprising of the three subtypes mla, mlb, mlc
[21,198].

The presence of various subtypes of signal and mid region leads

to a mosaic organization of the vacA gene [198]. Certain combinations
correlate with the different levels of cytotoxic activity demonstrated
this organization, and correlate with pathogenicity

by

of the organism [198].

The amount of cytotoxin produced is highest with H. pylori strains
exhibiting the s t/m: allele, followed by the 511m2 allele. H. pylori strains
exhibiting the s21ml or 521m2 allele show little or no evidence of
cytotoxin activity [105].

1.10.1.5 iceA gene (induced by contact with epithelium)
The iceA gene, which has been identified recently, encodes a homolog of
a type II restriction endonuclease [111,199]

and has two alleles

designated iceAl and iceA2. The two allelic variants yield either 297bp
(iceAl)

or 229 and 334bp (iceA2) products by PCR [197] according to the

presence of repeated sequences of 105 nucleotides. These genes have
been associated with gastric disease [110,112,199].

In a meta-analysis

from articles published through 2011 [200], iceAl was significantly
associated with peptic ulcer (PU) disease where as iceA2 was inversely
associated with PU.
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Besides cagA, vacA and iceA, the duodenal ulcer-promoting gene A
(dupA) which encodes a VirB4 ATPase homolog, is also associated with an

increased risk of developing duodenal ulcer but a reduced risk of gastric
atrophy and gastric cancer [120]. Recent studies have indicated that this
could be due to secretion of pro-inflammatory

cytokine by mononuclear

cells induced by an active dupA [201].

1.10.1.6 Extra-chromosomal

DNA-plasmid

About 50% of all H. pylori carry plasmids [202]; the sizes of these
plasm ids vary from 1.8-100 kilo bases [203] and are generally cryptic
with unknown roles and functions. However, there are some indications
that these plasm ids might contribute to the genetic diversity of H. pylori
through multiple recombination events [204].

1.11 Phylogeny

Phylogenetic analyses of both virulent and housekeeping gene sequences
from different parts of the world have revealed distinct H. pylori gene
pools in geographically defined human populations in regions of Asia,
Europe, and Africa [81,159,170,205].

Studies have revealed that genetic

recombination of H. pylori between isolates from different continents is
rare [206,207]. This relative segregation of H. pylori serves as a useful
genetic marker tracking human descent in which an individual spent
his/her childhood and also helps track human migration. These analyses
have also shown that H. pylori followed human migration out of Africa
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[159,160]

and identified seven H. pylori populations which are designated

hpAfrica1, hpAfrica2, hpNEastAfrica, hpEurope, hpSahul, hpAsia2,
hpEastAsia [89,159,208].

Detailed analyses have further subdivided the

hpEAsia population into three subpopulations

- hspEAsia (common in East

Asia, hspmaori (common in Polynesians) and hspAmerind (common in
Americas). HpAfrica1 also has two sub-populations
(common in West Africa) and similar sub-population

- hspWAfrica
called hspSAfrica

which is common in South Africa.

The African strains (hspWAfrica (West), hspSAfrica (South) and
hpNEAfrica (North East), form distinct phylogenetic populations but
closely related to one another than to those from elsewhere and the very
divergent hpAfrica2 found in South Africa. These phylogenetic analyses
have led to a proposal that historical patterns of human migration and of
racial admixture can be predicted from DNA sequences of H. pylori
housekeeping genes [159,160,186,209].

For example, in a study in a

shanty town, Peru, the population admixture of Amerindj Asian strains
found in this area is a reflection of human migration from Asia to the
America about 15000 years ago [210]. However, the H. pylori strains
found in South America were predominantly

hpEurope which suggest that

the ancestral H. pylori strains (hspAmerind)

may have been lost or

displaced by the much fitter European strain with more competitive
advantage [117,210].

Further, in ethnic groups in Malaysia, four different

H. pylori sub-populations

(hpAsia2, hpEasia, hpEurope and hpAfrica1),
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were found probably reflecting the migration of Chinese and Indians into
Malaysia about 3000 years ago. The presence of hpEurope may have
been due to importation

by the Indians who have been colonized by

portugal and Britain [207,211].

The clustering of the discrete hspWAfrica, hspSAfrica and hpNEAfrica
popultations

may reflect the expansion of the Bantu people throughout

the African continent from an ancestral homeland in or near present day
Benin, Cameroon and Nigeria over the last 4000 years. The frequent
isolations of hpAfrica1 and hpEurope in the Americas may reflect the
transfer of slaves from Africa about three centuries ago and also
European colonization.

Phylogenetic analysis have shown that in a study

in Colombia [117], subjects living in coastal regions who are
predominantly

"Mulatoes" of African and European descent carried strains

that were mainly hpAfrica1 (66%) and hpEurope (340/0).

An ability to discern H. pylori lineages from distinct human populations
should also have medical relevance, because disease outcomes associated
with H. pylori infection vary geographically

[80,212],

and some of this

variation might stem from genetic differences between H. pylori
populations [213,214].

A study in Colombia with a high prevalence of H.

pylori infection, showed a 25-fold increase in gastric cancer risk in one
area (high mountain) when compared to coastal regions. Phylogenetic
analysis, revealed that all isolates from the gastric cancer high risk area
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where all hpEurope whereas those from the coastal region were
predominantly hpAfrica1 (66%). Further analyses showed that hpAfrica
strains were associated with reduced severity of gastric lesions [117] as
compared to those that carried hpEurope strains with more severe premalignant histological lesions. Phylogenetic analysis can therefore be a
useful tool for clinical management and for enhanced disease surveillance
in high risk areas. Further, phylogenetic analysis of several strains from
Africa, Europe, Asia and China showed that the phylogenetic origin of H.
pylori can be a determinant of gastric cancer risk [212].

1.12 Treatment of H. pylori infection
When H. pylori is detected in patients showing clinical signs of H. pylori
associated diseases, the normal procedure is to eradicate the bacteria
with antibiotics allowing the disease to heal. Over the past two decades,
different treatment regimes using a proton pump inhibitor and various
antibiotic combinations such as clarithromycin, tetracycline,
metronidazole, amoxicillin and fluoroquinolones
[215,216] have been recommended and used for the successful
treatment of H. pylori infection to heal ulcers and prevent relapses. In The
Gambia, where H. pylori infection is high and H. pylori associated disease
occur [19], several antibiotics and a proton pump (clarithromycin,
amoxicillin, tetracycline, ampicillin, metronidazole and omeprazole) in
various combinations depending on availability and affordability are used
for the eradication of H. pylori (clinical communication).
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However, all the

recommended regimes can only cure up to about 90% of people [217].
This is of course a great concern particularly to the developing world
where the current cost of treatment is often beyond the reach of the
ordinary citizen.

In most cases, the diagnosis of H. pylori is based on non-culture
investigations such as Urea-Breath test, stool antigen or Rapid urease and
so routine antibiotic susceptibility is rarely undertaken before antibiotic
prescription [218]. This empirical treatment together with other factors
including non-compliance of treatment [219], has contributed to
treatment and/or eradication failures.

1.12.1 Antibiotic susceptibility

Infection of this bacterium causes a very high rate of morbidity in both
developed and developing countries which directly impacts on the burden
of health care systems worldwide particularly in resource-poor countries.
Therefore local knowledge of antibiotic susceptibility and resistance is
important to plan locally appropriate effective treatment.

1.12.2 Metronidazole

resistance

In Europe and USA between 12-40% of H. pylori strains were reported
resistant to metronidazole (Mtz) [216]. The figures are much higher in
developing countries especially in Africa where resistance of up to 100%
has been reported [169,220,221].

In the strains studied to date, mostly
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from industrialized societies, modest level Mtz resistance (e.g. to 8 or
161-1g
Mtz/ml) was often associated with inactivation of the gene rdxA,
which encodes a non-essential oxygen-insensitive NAPDHnitroreductase
that chemically reduces metronidazole in vitro [222]. Higher level
resistance in rdxA mutant strains, e.g., to 32 I-IgMtz/rnl, results from
inactivation of frxA, a related but generally less strongly transcribed
nitroreductase gene. However, according to Jeong et ai, the inactivation
of frxa enhances resistance to metronidazole [222] and that genes
conferring resistance to metronidazole without rdxA inactivation are rare
or non-existent in H. pylori populations; yet higher resistance can result
from mutations in any of several additional genes that likely also affect
intracellular redox potential [222-224]. It is also important that Mtz's
hydroxylamine-type derivatives are mutagenic, that exposure to sublethal Mtz concentrations [225] both induces and selects for mutations to
Mtz resistance.

1.12.3 Clarithromycin resistance
Clarithromycin is a macrolide that is used in combination with other
antibiotics to treat gastric diseases associated with H. pylori [226].
However, we have seen an increase in the prevalence of H. pylori
resistance to this macrolide both in developed and developing countries
which has been attributed mainly to its increasing use to treat respiratory
infections especially in children at least in Europe and USA [216,227].
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Between 2-22% H. pylori resistance to clarithromycin

have been reported

in Europe and USA [216]. Studies in Africa have also shown increase in
prevalence of clarithromycin

and between 4-55% have been reported in

various countries [169,228,229].

Most of the resistance to clarithromycin

results from two point mutation-

A2142G and A2143G- in 235 rRNA gene of H. pylori, the latter being more
predominant

[230].

However, there are reports that other mutations in

the 235 rRNA genes such as T2182C and T2190C were implicated in H.
pylori resistance to clarithromycin

[231].

1.12.4 Amoxicillin and tetracycline

resistance

Resistance to amoxicillin and tetracycline is uncommon among H. pylori
clinical isolates especially in USA and Europe [232,233]

accounting for

less than 1% and so treatment failures due to resistance to amoxicillin
and/or tetracycline is not of great concern. Resistance to amoxicillin is
usually mediated by mutations of the genes encoding penicillin-binding
proteins [234,235].

For tetracycline, the resistance mechanism is caused

by a triple mutation in the 165 rRNA gene exhibiting AGA926-928TTC
[236,237].

The rarity of tetracycline resistance in clinical isolates may be

due to the need for this triple mutation. Thus, the near or universal
resistance to amoxicillin and/or tetracycline
Africa [169,221]

reported in some studies in

must therefore be interpreted with caution.
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1.12.5 Antibiotic resistance in Africa
In Africa, the pattern of resistance is variable. These differences might be
due to the variations in local antibiotic prescription and community
availability.

For example, in Cameroon [169], resistant rates of 43.9%,

44.70/0, 86.4% and 84.4% have been reported for tetracycline,
clarithromycin,

amoxicillin and metronidazole respectively. In a similar

study in Western Nigeria, 100% resistance was reported to amoxicillin,
tetracycline and metronidazole [221] whereas in Kenya [220], all strains
were resistant to metronidazole but sensitive to clarithromycin,

amoxicillin

and tetracycline. In Egypt, although there was universal resistance to
metronidazole in child isolates [228], resistant against clarithromycin,
erythromycin,

azithromycin,

ciprofloxacin and ampicillin varied between

2-4%.

The steady increase in the rate of resistance to antibiotics used for the
treatment of H. pylori is a great public health concern especially to the
developing countries where the cost of the first line drugs is often beyond
the reach of the average citizen. It is therefore important that antibiotic
resistant levels are continuously monitored to help clinicians effectively
manage patients and effectively deal with the ever increasing high rate of
treatment failures. It is also important that cheaper drugs such as
erythromycin

are tested as a suitable alternative to the already high cost

of H. pylori eradication antibiotics.
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1.13 Prevention of H. pylori infection
The ability of H. pylori to survive, evolve and re-emerge for almost a
decade after treatment

[238] has also contributed to treatment

The increase in treatment

failures.

failures has heightened the need for effective

prevention strategies [239]. It has been shown that transmission occurs
mainly in childhood [186], seems to run in families [89] and is more
common in crowded and unclean conditions [240] which suggests that H.
pylori infection may be contagious. As there are currently very little or no
defined guidelines to prevent transmission,

it's always important to

observe simple and effected hygiene such as washing of hands, drinking
clean and safe water and eating food that is properly cooked.

1.13.1 Vaccines
Prevention of H. pylori by improving personal hygiene and sanitation in
resource poor countries will continue to be a challenge as clean drinking
water and proper drainage systems are almost non-existent

in some

communities. Therefore, to achieve a global eradication of H. pylori, a
safe, effective and cost-effective

vaccine seems to be the ultimate

approach. There have been extensive researches in the past two decades
to find a suitable candidate vaccine with varying degree of success [241243]. However, some studies have shown promising results [244],
suggesting that the stimulation

of a Th2 response may be a key to

immunity against H. pylori infection [139]. Vaccination with a wide range
of antigens, adjuvants, and delivery routes produced statistically
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significant reductions in H. pylori colonization levels in mice [245]. These
have not been tested in humans and it is unclear whether similar
reductions in bacterial load can be achieved. In addition, a multiepitope
DNA vaccine containing eight proteins namely FlaA, UreaA, CagA, VacA,
HpaA, KatA, NapA and TsaA [246] and another containing the chaperonin
GroEL; the external membrane protein HomS; and the highly virulent
marker VacA protein are being evaluated [247]. DNA vaccines are live
attenuated vaccines and provide important advantages as they mimic the
effects of natural infection in their ability to endogenously express foreign
protein and also induce humoral as well as cellular immune responses
[247].

However, the development of a suitable vaccine has been affected by the
lack of understanding of the molecular basis of protection that can lead to
complete eradication of the bacterium [248], relative lack of good
understanding of the complex gastric immune response and the
heterogeneity

of H. pylori. In addition to this, finding the best efficacious

method of vaccine delivery has also been a challenge. Although several
methods such as oral, nasal, rectal and systemic immunization

have been

shown to confer protection in mice [249], the availability of a suitable
adjuvant and generation of adequate immunologic response in the
stomach continue to pose problems. Recent advances in H. pylori
genomics and an increase understanding of the gastric immune response
provide opportunity

to accelerate progress in H. pylori vaccine
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development

[250]. There is evidence of passive immunity against H.

pylori. A study in The Gambia has shown that specific antibodies in milk
directed against known bacterial colonization factors, such as urease,
appear to protect against H. pylori colonization in infants [251].

The increase in antibiotic resistance, poor compliance, inaccessibility and
unavailability

of effective antibiotics especially in resource poor countries

makes the need for the development of a suitable vaccine more urgent.
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Chapter 2 Hypotheses, aims and objectives

This study of Gambian H. pylori strains was motivated by considering that
H. pylori is a genetically diverse bacterial species, with different
genotypes predominating in different well separated geographic regions.
However, most of the detailed studies and analyses of H. pylori have been
conducted in strains from industrialized countries. There have been far
fewer robust studies of H. pylori strains from Africa, especially those from
West Africa. It is therefore important that a detailed genetic study of the
H. pylori isolates in The Gambia is carried out in order to explore H. pylori
strains from a relatively unstudied population, to understand the
development of H. pylori associated diseases in The Gambia, West Africa
and to compare them with strains from other geographically defined
populations to help address important questions in this area.

2.1 Hypotheses
1. Putative virulence factors such as cagA and vacA influence

disease outcome in The Gambia.
2. Mixed colonization with different genotypes influences the
development of gastroduodenal disease
3. Children and adults in the Gambia are colonized by different
strains of H. pylori, which therefore circulate amongst different
age groups
4. Gambian isolates of H. pylori form a distinct phylogenetic family
within the grouping of African derived strains.
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2.2 Aims and objectives
The primary aim of this study is to characterise and evaluate the
putative virulent H. pylori genotypes in The Gambia in relation to
clinical outcome.

2.3 Objectives
1. Determine the prevalence of H. pylori genotypes in The Gambia
in relation to disease expression.
2. Determine the genotypes of child strains and compare with adult
strains.
3. Investigate the phylogenetic relationship between strains in The
Gambia, and those from other geographically defined
populations.
4. Determine the genetic relatedness and phylogenetic of isolates in
a single stomach.
5. Determine the prevalence of antibiotic susceptibility
resistance to amoxicillin, clarithromycin,

and

erythromycin,

metronidazole and tetracycline.
6. Investigate the usefulness of peR in the diagnosis of H. pylori in
The Gambia.
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Chapter 3.0 Materials and methods
3.1 Clinical settings at the MRC endoscopy unit

The MRC has an endoscopy unit which is the only facility that offers upper
gastric endoscopy in The Gambia and serves as the national endoscopy
referral centre. Patients were referred to the unit from throughout The
Gambia, principally directly from the MRC Out-patient Clinic or the Royal
Victoria Teaching Hospital (RVTH) in Banjul and other privately owned
clinics. The principle presentation was dyspepsia, but dysphagia and
gastrointestinal haemorrhage were also investigated by upper gastric
endoscopy.

3.2 Study population

The study population comprised subjects who attended the MRC Outpatient department (OPD) and were sent to the endoscopy unit as part of
the routine clinical investigations or referred from the main hospital in
Banjul (RVTH) or from other private clinics. Adult subjects who consented
to join the study were recruited from among these out patients
undergoing diagnostic upper gastric endoscopy primarily for symptoms of
dyspepsia. The small group of young children comprised patients with
significant growth faltering associated with enteropathy undergoing
endoscopy in order to obtain small bowel biopsies as part of an
investigation into the underlying nature of their condition.
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3.3 Subject inclusion and exclusion criteria
3.3.1 Inclusion criteria
All patients referred for diagnostic endoscopy to the MRC Unit were
eligible for inclusion.

3.3.2 Exclusion criteria
Any contraindication

to endoscopy and biopsy, such as liver dysfunction,

history of bleeding, history of other serious organ disease (for example,
kidney, heart, lung), bleeding time prolonged to over 10 minutes, or
unexpected findings such as oesophageal or gastric stricture that limits
endoscopic examination excluded subjects from the study, as did the use
of antibiotics during the previous two weeks. Patients with severe
oesophago-gastroduodenal

disease, including those with gastro-

oesophageal varices and a small number with advanced gastric cancer
were also excluded from the study. In addition, if the endoscopist felt that
prolonging the procedure by 2 or 3 minutes in order to take the research
biopsies would not be advisable for any reason, the subject was also
excluded from the study.

3.4 Good Clinical Practice (GCP)
This study was conducted according to GCP and conformed to the
International

Conference on Harmonisation Good Clinical Practice E6 (Rl)

(ICH-GCP) and the following specific regulatory requirements:
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•

United States (US) Code of Federal Regulations (CFR) applicable to
clinical studies (45 CFR46 and 21 CFR including Parts 50 and 56
concerning informed consent and Institutional Review Board [IRB]
regulations) which regulates the protection of human subjects in
research supported or conducted by the Department of Health and
Human Services.

•

Completion of Human Subjects Protection Training

The endoscopy team of MRC comprised of three Medical doctors assisted
by two SRN nurses and four SEN nurses. As part of GCP requirements,
the principal investigators of this study completed a "Human Participant
Protection Education for Research Team" on-line course sponsored by the
NIH. The whole endoscopy team also completed a Family Health
International Certificate course on Research Ethics Training curriculum
and also on the Protection of Human subjects in Clinical Research. In
addition, the lead endoscopist and I, as study coordinator, completed a
computer based Clinical Research Training course. Furthermore, all nurses
and laboratory technicians involved in this study completed a locally
organized introductory training on Good Clinical Practice (GCP). Standard
endoscopy procedures (SOP-CLS-001) were followed; using clean
endoscopes sterilized with Cidex (Johnson and Johnson Co) and rinsed
with clean water between cases, according to standard care at MRC Unit,
The Gambia.
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3.5 Study monitoring

Following ethical review, NIH monitors under took annual audits to
ascertain record keeping, data management, clinical and laboratory
processes to GCP and GCLPstandards. The local Clinical Trial Support
Team also undertook annual audits to review progress and study conduct.
In addition, an onsite Independent Safety Monitor [ISM (who was not
involved in the trial)] was selected by the Principal Investigator (PI) and
approved by DMID based on relevant study related experience and lack of
conflict of interest to independently and thoroughly review all serious
adverse events and to communicate in writing his/her findings, concerns
and recommendations to DMID and the study principal investigator.

3.6 Study approvals

This study was carried out under the supervision and approval of The
Gambia Government/MRC joint ethics committee (appendix A-ethics
letter) and Division of Microbiology Infectious Diseases (DMID)
International Review Board of USA with a protocol number of DMID 060053 and an MRC Unit, The Gambia IRB registration number:
IRB00003943 and a Federal Wide Assurance number: FWA 00006873.
FWA is the number indicating that all documents relevant to human
subject protection has been submitted to the office of Human Research
Protection.
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3.7 Subject enrollment and consent procedure
3.7.1 Adult subjects
Adult subjects who were referred to the endoscopy unit for upper
gastrointestinal

endoscopy had the study described to them in English or

a local language that they can understand. The study information sheet
(appendix A- adult information sheet) was also given to them to read or
interpreted to them in a local language that they can understand and they
were asked if they would consent to additional biopsies (approximately

10

to 14mg) being collected from the gastric antrum, corpus, and cardia for
research purposes during the procedure (appendix A- adult consent
form). A signed consent was obtained at this stage. The study subjects
were not compensated for study participation.

Those who declined (259)

went on to have their procedure as planned but without the collection of
additional biopsies.

3.7.2 Young Children
Young children who were referred to the endoscopy unit because of
persistent diarrhoea, malnutrition

and suspected enteropathy

had the

procedure described to the mothers or guardian at length before hand,
which included showing the mother or guardian the endoscope and biopsy
forceps prior to the child being prepared for the procedure. This study was
then explained to the mothers/guardians,

who were asked if they would

consent to additional biopsies (approximately
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5 to 7mg) being collected

for the purposes of research. No compensation for participation was
offered to the parents or guardians who consented for their children to
join the study. A signed consent was obtained at this stage (appendix Achild consent form). The mothers/guardians

were encouraged to be

present during the procedure if they wished; several stayed with their
children, and a "running commentary"

was provided in their language by

one of the team who speaks a local language that the mother or guardian
understands and to confirm at the appropriate juncture that the
parent/guardian

was still happy for research biopsies to be taken once

they had a complete understanding of the processes involved. If parents
consented, and the endoscopist considered it appropriate,

additional

biopsies were collected from the gastric antrum before the endoscope was
withdrawn. Those children whose guardians or parents declined (12) went
on to have their procedure as planned but without the collection of
additional biopsies.

3.7.3 Consent supervision
The study information and consenting processes were supervised by the
endoscopist who was present through out to answer any question from
the study subjects. There was always an independent witness to the
consenting process who was required to sign the consent form.
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3.7.4 Data management and security
Each subject was assigned a study number, and this was used to identify
all biopsy samples, H. pylori isolates and DNA extracts obtained from
individual subjects. All records are kept at the MRC Unit in Fajara, The
Gambia and data processes and record keeping were annually monitored
by NIH agents. H. pylori isolates and DNA extracts transported

to

Washington University in St. Louis, Missouri, USA for antibiotic
susceptibility

tests were identified by a study number alone. Only senior

MRC laboratory staff and the principal investigator

were able to match

isolates with individual clinical records at the MRC Unit, The Gambia.

3.8 Patients referred for endoscopy
A total of 428 patients between 2003 to 2008 were investigated by upper
gastric endoscopy for routine clinical diagnoses in the MRC endoscopy
unit. These were patients either seen at the MRC-OPD and referred to the
MRC endoscopy unit as part of clinical investigations

for dyspepsia or

patients referred from other hospitals or clinics from around the country.
In addition, there were 33 young children between the ages 18-33
months who were referred to the unit for endoscopy because of
enteropathy

and malnutrition

(figure 3.1).
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Figure 3.1 Flow chart of study samples

Study populations

259
declined

428 (9-87 years)
investigated for
suspected
dyspepsia/ dysphag ia

169 enrolled after
obtaining consent and
gastric
biopsy/biopsies
collected

21 enrolled after
obtaining
parental/guardian
consent and antral
biopsies collected

169 samples cultured
for H. pylori and DNA
extracted directly
from biopsy materials

21 samples cultured for
H. pylori and DNA
extracted directly from
biopsy materials

89 samples were
culture positive; 63
cultures purified
and maintained

DNAs from
121 antral
samples used
for virulent
gene study

6 samples were
culture positive; 6
cultures purified
and maintained

58 isolates (38 from
antral and 20 from
body biopsies) used
for antibiotic
susceptibility studies

6 isolates used
for antibiotic
susceptibility
studies

41 single colonies
(25 from antral and
16 from body
biopsies) used for
MLST studies

5 single
colonies used
for MLST
studies
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3.8.1 Study participants

One hundred and sixty nine subjects who were routinely investigated by
upper gastriointestinal endoscopy for clinical management and provided
written consent. were involved in this study (figure 3.1). The mean age of
these subjects was 38 with a median age of 33 years ranging from 9 to
87 years; 89 were female and 80 were male. All the subjects were
Gambians and most of them (111) came from the Greater Banjul (urban)
Area (GBA), 42 from the West Coast Region (WCR), 9 from Lower River
Region (LRR) and 7 from North Bank Region (NBR) of The Gambia (figure
1.1).

Of the 121 patients (figure 3.1) from whose biopsies we successfully
amplified virulence genes for analysis, the mean age of these subjects
was 35, ranging from 9 to 80 years. All the subjects were Gambians and
most of them (75) came from the GBA, 38 from the WCR, 5 from LRR and
3 from NBR of The Gambia.

3.8.2 Young children

Twenty one young children between the ages 18 to 31 months (figure
3.1) whose parents or guardians provided written informed consent were
also included in this study. Children subjects were all Gambians; 3 from
GBA, 6 from WCR, 10 from LRR, 2 from NBR. We succeeded in amplifying
virulence gene sequences only from the 6 culture positive children and
these were the ones included in the final analyses.
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3.8.3 Specimens
3.8.3.1 Gastric biopsies
Gastric biopsies were collected from subjects who consented to join the
study and underwent diagnostic endoscopy because of dyspeptic
symptoms or suspected enteropathy as part of routine investigation into
the underlying nature of their condition. The gastric biopsies collected
were immediately stored in ice and transported to the laboratory for
culture and/or DNA extraction.

3.9 Good Clinical Laboratory Practice (GCLP)
The gastric biopsies collected were stored in Brain Heart Infusion (BHI)
broth containing 20% glycerol immediately after collection and
transported on ice from the site of collection to the laboratory for
processing or stored at -70°C until used. Pipettes used in all experiments
were verified and calibrated according to standard protocol. All media
used for the culture of H. pylori were sterilized using an autoclave and
poured on Petri-dishes in a lamina flow cabinet to minimise
contamination.

Sterile disposable loops were used for culturing and

spreading of biopsy samples and cultures. Despite the use of antibiotics
and antifungal in culture media, the cultures were sometimes overgrown
with contaminants. To minimize the level of contamination,

a ClassII

safety cabinet was used during the laboratory processing of samples. The
gas chamber was disinfected with 2% Virkon and carbon catalysts
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sterilized by autoclaving each week. All biohazard materials were disposed
off according to the local Health and Safety regulations (SOP-H&S-OOl).

3.10 Detection of H. pylori
In this study, the detection of H. pylori was by culturing the bacterium on
solid selective media and isolating suspect colonies and identifying them
using standard microbiological techniques and also by PCR using H. pylori
specific primer (Hp16s rRNA).

3.10.1 Bacteriology
3.10.1.1 Culture of H. pylori
Endoscopic biopsies were spread over the surface of a Columbia-blood
agar (Unipath Ltd, Basingstoke, UK) media plate supplemented with 10%
horse blood (TCS Biosciences, UK) and 2% vitox (Unipath Ltd,
Basingstoke, UK). To minimize contamination,

trimethoprim

vancomycin (6Ilg/ml),

bacitracin (200llg/ml),

nalidixic acid (lOllg/ml)

polymixin B (lOllg/ml),

(Sllg/ml),

and amphotericin B (8Ilg/ml) were added to the

Columbia-blood agar and inoculated plates were immediately put in a gas
chamber under micro-aerobic atmosphere composed of 86% Nitrogen,
4% Oxygen, 5% Carbon dioxide and 5% Hydrogen. This atmosphere was
generated by the use of Campylobacter Gas generating kit (Oxoid, UK) in
the presence of a carbon catalyst and the plates were then incubated at
37°C for 4-7 days.
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Figure 3.2 Gas generating system using GasPaks.

Gas
-----chamber
Culture plates
inside jar
+-=~;:;"::":"7-----

GasPak inside jar with
10mls H20
Gas generating kit
(GasPak)

3.10.1.2 Isolation and identification
Identification of H. pylori was by standard methods including colony
morphology, Gram stain appearance, urease, oxidase and catalase
activities. On 100/0 Columbia-Blood agar, H. pylori colonies were grey,
convex and translucent colonies of 1-2mm diameter (figure 3.3). They
were urease, oxidase and catalase positive and Gram-negative bacilli
showing different shapes and sizes (figures 3.3-3.7).
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Figure 3.3 Bacterial culture of H.
pylori

Figure 3.4 Gram stain of H.
pylori
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Figure 3.5 Oxidase reaction

Figure 3.7 catalase

.l

Gram-Stain of H. pylori showing
the different shapes and sizes

H. pylori colonies after 4
days incubation at 37°C
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Figure

3.6 Urease test

Urease -ve

Oxidase +ve

reaction

During preliminary studies and also during the study, this technique of
culturing H. pylori became challenging with cultures overgrown with
fungal as well as other bacterial contaminants despite the use of a
selective media. Thus, it was necessary to find an optimal method such as
polymerase chain reaction (PCR) to detect H. pylori in this challenging
environment and also to accurately evaluate the prevalence of mixed H.
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pylori infections in a host. The method of picking several colonies as
pooled cultures may not reflect the true picture as some H. pylori might
be un-culturable,

die during culture or overgrown

with contaminants.

3.10.2 Molecular detection of H. pylori using Hp16srRNA
3.10.2.1

Genomic DNA extraction from cultures

Genomic DNA was prepared by harvesting

a 24 hour confluent growth of

H. pylori culture and extracted

using a commercial

kit (Qiagen DNA Mini

Kit, UK) as per manufacturers'

guidelines described below:

Method
1. 1801-11
of ATL buffer was added into 1.5ml eppendorf tube.
2. Fresh 24 hour culture was harvested from a whole media plate and
suspended in tube above and vortexed vigorously
homogeneous

to obtain a

suspension

3. 101-11
of proteinase

K was added, mixed for 15 seconds and

incubated at 56°C water bath for 1 hour, mixing at 15 minutes
intervals
4. 2001-11of AL buffer was added, mixed for 15 seconds and incubated
at 70°C for 10 minutes
5. 2001-11of 96-100%
transferred

ethanol was added, mixed for 15 seconds,

fluid into a spin column provided in Kit and centrifuged

8000rpm for 1 minute and flow-through
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discarded

at

6. The spin column was put into a new collection column and 500IJI of
AWl buffer added, mixed for 15 seconds, centrifuged at SOOOrpmfor
1 minute and flow-through

discarded

7. The spin column was put into another collection column, 500IJI of
AW2 buffer added, centrifuged at 14000rpm for 3 minutes and flowthrough discarded.
S. The column was put in a clean 1.5 eppendorf tube, 200IJI of AE buffer
(elution buffer) added and incubated at room temperature for 5
minutes to increase DNA yield.
9. The tubes were centrifuged at 7000rpm for 1 minute and column
discarded.
10. Fluid in eppendorf about 200IJI was the extracted total DNA
11. The DNA was stored at -20°C until used.

3.10.2.2

Genomic DNA extraction directly from biopsies

Total genomic DNA was extracted from the biopsy samples by using a
combination of the QIAamp DNA isolation kit (Qiagen) and a bead-beater
method as described below:1.

The biopsy samples were removed from the transport media and
transferred in a sterile 1.5ml eppendorf tube and lS0IJI of ATL
buffer added into the 1.5ml eppendorf tube.

2.

20IJI of proteinase K was added mixed and vortexed vigorously to
lyse the biopsies.

3.

The suspension in the tubes were incubated at 56°C water bath for
1 hour, mixing at 15 minutes intervals.
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4.

Glass beads of different diameters (O.lmm,

0.5mm and lmm,

Sigma, USA) were added to maximize contact and optimize

homocentsatton.
5.

Samples were then homogenized in a FastPrep FP120 bead beater
(Biol0l,

Savant Instruments)

for 30 sec at 4 m/s and incubated for

an additional hour at 56°C mixing at 15 minutes intervals.
6.

2001J1of AL buffer was added, mixed for 15 seconds and incubated
at 70°C for 30 minutes.

7.

2001J1of 96-100% ethanol was added, mixed for 15 seconds, fluid
transferred

into a spin column provided in Kit and centrifuged at

SOOOrpmfor 1 minute and flow-through
S.

discarded.

The spin column was put into a new collection column and 500IJI of
AWl buffer added, mixed for 15 seconds, centrifuged at SOOOrpm
for 1 minute and flow-through

9.

discarded.

The spin column was put into another collection column, 500IJI of
AW2 buffer added, centrifuged at 14000rpm for 3 minutes and flowthrough discarded.

10. The column was put in a clean 1.5 eppendorf tube, 200IJI of AE
buffer (elution buffer) added and incubated at room temperature for
5 minutes to increase DNA yield.
11. The tubes were centrifuged at 7000rpm for 1 minute and column
discarded.
12. Fluid in eppendorf about 2001J1was the extracted total DNA.
13. The DNA was stored at -20°C until used.
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3.10.2.3

Molecular detection of H. pylori 16srRNA gene

PCR was performed

to detect H. pylori 16srRNA gene as previously

described [252] ustnq the primers listed in table 3.1 and the following
cycling conditions:

30 cycles of 30 seconds at 95°C, 30 seconds at 55 or

60°C, and 30 seconds at 72°C. The amplified genes were detected by
electrophoresis

in a 1.5% gel with ethidium

bromide (500ng/ml)

bands visualized using Gel Doc 2000 (Blo-Rad laboratories,

and

Milan, Italy).

The presence of H. pylori was inferred when a product of the expected
size (109bp) was obtained using appropriate

primers (table 3.1). A 100bp

DNA ladder (Biolabs, UK) was used as a size marker in all gels. To
determine

the specificity

from faecal material,

of the Hp16srRNA primers, DNA was extracted

E. coli, Staphylococcus

Strep to cococcus pneumoniae

aureus, Salmonella and

and amplified with Hp1 and Hp2 primers.

These DNAs all tested negative.

3.11 Antibiotic susceptibility to H. pylori
3.11.1 Minimum Inhibitory

Concentration (MIC) by agar dilution

Methods:

1. H. pylori strains were grown on selective media as described before
(section 3.10.1.1).
2. The test media were prepared with the following antibiotic
concentrations:
-amoxicillin

2lJg/ml

-clarithromycin

2lJg/ml
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-erythromycin

2lJg/ml

-metronidazole
-tetracvcllne

8IJg/ml, or 16, 32, 64, 128, 2641Jg/ml

2lJg/ml

-ordinary plate without these antibiotics but always contains the
three antibiotics -trimethroprim,

vancomycin and amphotericin-

[253] that do not act against H. pylori to suppress possible
contaminating

bacteria and moulds.

3. Plates were pre-warmed to room temperature
-NB: tetracycline is photosensitive, therefore plates were wrapped
up in foil and stored in a brown box prior to use.
4. Fresh 24 hour H. pylori cultures were harvested for this task.
5. 5001J1of sterile phosphate buffered saline pH7.2 (PBS, GIBCD,
invitrogen, USA) was dispensed into 1.5ml sterile eppendorf tubes
6. H. pylori cells were suspended to 105 McFarland standard and
vortexed to obtain a homogeneous suspension.
7. 901J1of sterile PBS was dispensed into micro-titre

wells A to H (figure

3.8).
8. Into well A, 101J1of suspended cells was added (step 6) and mixed
thoroughly.
9. Series of 10 fold dilutions A to H were made by transferring

101J1of

dilution from well A to B, then B to C, etc to the last well, changing
pipette tips in between.
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Figure 3.8 Micro-titre plate showing dilution of cells
Microtitre plate showing bacterial cell dilution

Suspended
cells

10. From each dilution, 101-l1
was spotted on appropriate plate starting
with the lowest dilution (well H).
NB: an ordinary plate with each test strain was included for
comparison, to estimate number of bacteria in the original
suspension, and thereby the frequency of cells in the population
resistant to the tested antibiotics.
11. Two cultures were tested per plate as indicated in figure 3.9:
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Figure 3.9 Culture plate showing spot inoculums of cell
suspension
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12. Inoculums

101 to 108

were allowed to air dry and plates incubated in a micro-

aerobic atmosphere

at 37°C for 5 days.

13. Colony count was recorded.
Results

=

A strain was considered to be susceptible to

concentrations

of antibiotics

that caused at least a 10-fold decrease

in the efficiency of colony formation
plating, or EOP).
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by individual cells (efficiency

of

3.11.2 rdxA (nitroreductase)

gene transformation

analysis

Resistance of H. pylori from other (non-West African) populations

to

metronidazole

is, mainly due to inactivation

of rdxA or both rdxA and frxA

nitroreductase

genes, depending on the strain (and whether frxA is highly
sensitive (Mtzs) strains generally have

expressed or not). Metronidazole
functional

alleles of these two genes. Given that MtzS H. pylori strains are

relatively

uncommon

in The Gambia; we elected to test if those that had

remained MtzS were very different from metronidazole
strains in terms of ease of development
not been sufficiently

resistant MtzR

of resistance or if they had simply

exposed to the antibiotic

to have selected for

emergence of resistance.

Method
1. MtzS H. pylori

strains were sub-cultured

on antibiotic

free agar

plate.
2. The cells were harvested and sub-cultured
obtain an exponential

again for 24hours to

growth.

3. 24 hour cultures were transferred

in a fresh antibiotic

free agar

plate.
4. 5J.J1
of genomic DNA (ordinary
contains a chloramphenicol
the rdxA locus (rdxA-null

Qiagen prep) from strain that

resistance (CamR) cassette inserted at
mutant)

was added to the freshly cultured

bacterial cells and incubated over night at 37°C.
5. Some bacterial cells would have taken the DNA.
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6. The cells were then harvested and subcultured
with chloramphenicol

on an agar plate

to select out CamR strains.

7. The cells of CamR colonies were scraped with sterile toothpick

and

streaked on agar plate with 8J.lg/ml of Mtz, and then on control
plate with chloramphenicol

15J.lg/ml.

8. Growth on the Mtz plate indicated that for these strains, inactivation
of only rdxa gene resulted in resistance.
9.

No growth on Mtz plate, inactivation

of a second gene (frxA) may

be necessary for these strains to become resistant. This can be
tested with genomic DNA from a strain that contained a kanamycin
resistance gene cassette inserted next to a functional
expected that a fraction of Kan" transformants

rdxA gene. We

would acquire the

donor strain's rdxA+ and become sensitive whilst others that did not
acquire the functional

rdxA will remain resistant.

3.11.3 165 rRNA and rdxA DNA sequencing
To detect changes in 165 rRNA sequences associated with Tet resistance,
165 rRNA genes were amplified

by PCR with primers 165-F (5'-

CGGTTACCTTGTTACGACTTCAC-3') and 165-R (5'TATGGAGAGTTTGATCCTGGCTC-3') and the amplified

165 rDNAs were

sequenced as previously described [236].

For detection of mutations

associated with Mtz resistance, the rdxA gene

of 51 (33 MtzR and 18 Mtzs) strains was amplified by PCR with the
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following

primers (rdxAF S'GTTTCGTTAGGGATTTTATTGTATGCTA-3' and

rdxAR S'CACCCCTAAAAGAGCGATTAAAACCATT-3'),

PCR products were

sequenced, and the sequences were edited, aligned and analysed using
DNAstar programme

(Lasergene,

USA, Version 7) and Clustalw2

programme.

3.12 peR amplification for virulent genes (cagA, vacA, iceA)
The extracted

DNAs were tested by PCR for the presence of H. pylori

using H. pylori specific 165rRNA primers. The H. pylori positive samples
were further tested for the cagA oncogene, signal (51 and 52 alleles) and
middle regions (m1 and m2 alleles) of the vacA toxin gene, iceA1 and
iceA2 genes as previously
Taq polymerase

described [21]. Typically 2SJ.l1containing

1U of

(Bioline, UK), 10pmol of each primer per reaction,

0.2SmM (each) of deoxynucleoside

triphosphate,

and 2mM MgCI2 in

standard PCR buffer and 1J.l1 of DNA were carried out in a PTC 200 DNA
Engine cycler, under the following general cycling conditions:

30 cycles of

94°C for 1 minute, 55°C or 60°C for 1 minute and 72°C for 1 minute.
Positive DNA from previously determined

genotypes and template

free

controls that contained only the reaction mixture without DNA were
included in each batch as positive and negative controls respectively.
presence of a particular

The

gene or allele was inferred when a product of the

expected size (table 3.1) was obtained using appropriate

primers.

A 100bp DNA ladder (Biolabs, UK) was used as a size marker in all gels.
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Table 3.1 Primers used for virulent gene and RAPD
Region

Primer

cagA

eagA-F
eagA-R
Luni-l
R5280
Val-F
Val-R
Va3-F
Va3-R
Va4-F
Va4-R
1048-F
1345R

cag empty site
vacA 51 &
vacA 52
vacA m1a
vacA m2
iceA1

iceA2
H. pylori
16sRNA

RAPD 1254
RAPD 1283

ICEA2-F
ICEA2-R
Hpl
Hp2
1254
1283

3.13 peR amplification

Nucleotide se_g_uence
gat aae agg eaa get ttt gag 9
etg eaa aag att gtt tgg eqg a
aea ttt tgg eta aat aaa ege tg
ggt tge aeg cat ttt eee tta ate
atg gaa ata eaa eaa aca cae
etg ett gaa tge gee aaa e
ggt eaa aat geg gte atg 9
eea ttg gta eet gta gaa ae
gga gee eea gga aae att 9
cat aae tag cge ett gea e
get tgt aae gat aag aaa ege eag
at
gga atg age ttg tat tta gag eeg
at
gtt ggg tat ate aea att tat
ttr eee tat ttt eta gta ggt
etg gag aga eta age eet cc
att act qac get gat !9_t_ge
eegeageeaa
gegateeeea

bp

reference

349

[21]

535

[21]

51 259
52289
290

[21]
[21]

352

[21]

297

[21]

229
334
109

or

[21]
[252]
[2541
12541

for Randomly Amplified Polymorphic DNA

CRAPO)
PCR for DNA finger printing
primers as previously
polymerase

(RAPD) was carried out with two arbitrary

described [254].

251-11
containing

1U of Taq

(Bioline, UK), 10pmol of one primer per reaction, 0.25mM

(each) of deoxynucleoside

triphosphate,

and 4mM MgCI2 in standard PCR

buffer and 11-11
of DNA were carried out in a PTC 200 DNA Engine cycler,
under the following

general cycling conditions:

45 cycles of 94°C for 1

minute, 36°C for 1 minute, and 72°C for 2 minutes. Primer 1283 (5'GCGATCCCCA- 3') was used to type the selected isolates to confirm the
results of the first primer 1254 (5'-CCGCAGCCAA- 3').
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3.14 Gel electrophoresis
81-11
of the amplified

for virulence genes and RAPD

genes or fragments

in a 1.50/0 aqarose gel with ethidium

were detected by electrophoresis

bromide (500ng/ml)

after the

addition of 21-11
of gel loading solution (Sigma, USA) as described below:

1. 1.50/0 agarose (Sigma, USA. Cat.no. A-9414) gel was prepared by
weighing out 1.5g of pure agarose and suspending in 100mi of lxTBE
buffer in a conical flask, dissolved by boiling in a microwave for 3
minutes and allowed to cool to 56°C in a water bath.
2. 1001-11
of ethidium bromide solution was added to a concentration
500ng/ml;

of

the gel poured into the carrier on a level surface with the

plastic combs already inserted and allowed the gel to set and the combs
removed.
3. Ensuring the power pack was switched off; the gel was transferred to the
electrophoresis

tank and covered with lxTBE buffer to about 0.5cm

above the gel.
4. 2,..11of the running dye (loading buffer) was transferred
micro-titre

into au-shaped

plate. One well was required for each reaction.

5. 8f.l1of PCR product was removed from the PCR tube, mixed with the
running dye by reflux action in the pipette tip and loaded into the gel by
introducing the tip under the surface of the buffer and into the well. (The
density of the glycerol in the dye made the product sink into the well).
6. The gel tank was covered with the lid and checking that the polarity was
correct (DNA moves towards the anode), the voltage was set to 100Vand
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the process ran for 1 hour, For RAPD, the voltage was set at 7SV and-the .
process was allowed to run for 4 hours.

7. When the electrophoresis

was complete, the gel was transferred to a

sandwich box and carefully moved onto the UV box. The gel was
positioned and the camera focused.
8. After putting on UV protective glasses, UV light was turned, the gel
examined and a photograph taken using Gel Doc 2000 (Bio-Rad
laboratories,

Milan, Italy) and analyzed.

lOObp and lKb DNA ladders (Biolabs, UK) were used as size
markers in all RAPD gels.

3.15 Multi-Locus sequence Typing (MLST) using seven Housekeeping genes
3.15.1 MLST Gene Amplification
MLST was carried out by PCR using seven house-keeping

genes loci (atpA,

efp, mutY, ppa, trpC, ure! and yphC) in order to characterize
strains using sequence analysis. The extracted

DNA were amplified with

both the forward and reverse primers (amplification
http://pubmlst.org/helicobacter)
following

conditions:

the H. pylori

primers are listed at

of each house keeping gene under the

30 cycles of 94°C for 40 seconds, 50°C for 40

seconds and 72°C for 1 minute. The primers used for all PCR
amplifications

and sequence reactions for MLST are listed in table 3.2.
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Table 3.2 MLST Primers used for both amplification and
sequencing
Name
atpA

Gene
atpA forward
atpA reverse

efp

eto forward
efp reverse
mutY forward
mutY reverse
ppa forward
ppa reverse

mutY
ppa
trpC

trot; forward
trpC reverse
ureI forward
ureI reverse
yphC forward

ureI
yphC

voht: reverse
Tet16S
rRNA

Tet16S

I Primer

sequence

forward
Tet16S reverse

Reference

ggactagcgttaaacgca~
cttgaaaccgacaagcccac
ggcaatttggat9_a_gc_g_a_g_ctc
cttcaccttttcaagatactc
gtggttgtagy~ggaaactttacac
cttaagcgtgtgtytttctagg
ggagattgcaatgaatttaga
gtggggttaaratcgttaaattg
tagaatgcaaaaaa_gcat~ccctc
taagcccgcacactttattttcgcc
aggttattcgtaaggtgcg
gtttaaatccctta_gatt9_cc
cacgcctatttttttgactaaaaac
cattyaccctcccaa~atgc
cggttaccttgttacgacttcac
tatggagagtttgatcctggctc

httg:LLgubmlst.orgLhelicobacter
httg:LLgubmlst.orgLhelicobacter
httg:LLgubmlst.orgLhelicobacter
httg:LLgubmlst.orgLhelicobacter
httg: LLgubmlst.orgLhelicobacter
httg:

LLgu bm Ist.orgLhelicobacter

httg: LLgubm Ist.orgLhel icobacter
httg:LLgubmlst.orgLhelicobacter
httg:LLgubmlst.orgLhelicobacter
httg:LLgubmlst.orgLhelicobacter
httg :LLgubmlst.orgLhelicobacter
httg: LLgubm 1st.orgLhel icobacter
httg: LLgubm Ist.orgLhelicobacter
httg: LLgubm Ist.orgLhelicobacter

[236]
[2361

3.15.2 DNA purification for MLST
PCR amplification

products for each of the seven house-keeping

(atpa, etp, mutY, ppa, trpC, ureI, yhpC) were transferred

genes

in a sterile

1.Sml eppendorf tube diluted with phosphate buffered saline (PBS) and
the contents were processed using a Qiagen purification

kit (Qiagen, UK)

as described below:-

Method:
1.

The whole volume of PCR product was transferred

in 1.Sml

eppendorf tube and SX volume of PBS was added and mixed
(e.g. 201-11
of PCR product
2.

Content was transferred
13000rpm

+

1001-11
of PBS)

into a spin column, centrifuged

for 1 minute and flow-through
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discarded.

at

3.

O.75ml of PE buffer was added, centrifuged at 13000rpm for 1
minute and flow-through

4.

discarded.

The spin column was centrifuged again to remove any residual
ethanol from the PE buffer.

5.

The column was transferred into fresh 1.5ml eppendorf tube and
DNA eluted with 50~1 AE (elution buffer).

6.

The tubes were incubated at room temperature

for 5 minutes to

increase DNA yield and centrifuged at 6500rpm for 1 minute.
7.

The resulting purified DNA was stored at -20°C until used.

3.15.3 Sequencing
Sequencing of 2~1 of the purified DNA was performed on both the forward
and reverse DNA strands separately using a BigDye terminator

as

described below:

3.15.3.1

Sequencing reaction

5X buffer
BigDye
Sterile distilled water
Primer forward or reverse (5JlM)

2.075JlI
0.500JlI
5.105JlI
0.320JlI
8.000JlI
PCR products
2.000JlI
Total
10.000JlI
The reaction was amplified under the following conditions: one cycle of
96°C for 1 minute, followed by 30 cycles of 96°C for 10 seconds, 50°C for
5 seconds and 60°C for 4 minutes.
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3.15.3.2

Clean up procedure for amplified products

The amplified

products were cleaned up, denatured and dried before

sequenced using an ABI Prism 3130X DNA sequencer (Applied
Biosystems,

USA).

3.15.4 Editing and analysis of the sequences generated
Consensus sequences for each of the samples were generated using
DNAstar programme

(Laser gene, USA; Version 7). The sequences

obtained were submitted

to the H. pylori MLST data base

(Http://pubmlst.org/Helicobacter)

for allele and sequence identification.

The FASTA format of the concatenated
aligned and imported

sequences of each sample was

into MEGA version 5 (MEGA 5) and computed for

phylogeny.

3.15.4.1

Allele and sequence type identification

Isolates MLST sequences data were queried against the global
Helicobacter

MLST database and alleles and sequence type (ST) Profiles

assigned to individual

isolates (assigned alleles and ST profiles through

the stated MLST method).

3.15.4.2

Nucleotide analyses

The calculation of the ratio of synonymous

to non-synonymous

(dn/ds) was done using START2 (Sequence Type Analysis and
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changes

Recombinational Tests Version 2) tool which uses the method of Nei and
Gojobori to estimate parameters [255].

3.15.4.3

Comparative analysis

For comparative analysis, 71 strains from Africa, 33 from Spain and 24
strains from Japan making 128 unique STs were downloaded from
Helicobacter MLST web site (Http://pubmlst.org/Helicobacter).
Concatenated sequences were aligned and imported into MEGA 5 [256].
The evolutionary

history was inferred using the Neighbor-joining

method.

The percentage of replicate trees in which the associated taxa clustered
together in the bootstrap test (2000 replicates) was shown next to the
branches.

3.15.4.4 Admixture and no-admixture
populations using STRUCTURE.

models of H. pylori

To determine the relatedness of the Gambian H. pylori to the previously
studied strains from elsewhere, 170 strains from elsewhere were
randomly selected from the public MLST data base (table 6.5). The nonadmixture and admixture models of the program STRUCTUREV2.3.4
[257] were used to assign concatenated sequences of individual strains to
previously identified bacterial populations. The highest value (K) that
gave consistent clustering between individual runs was 4 (K=4).
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3.16 Comparative statistical methods
3.16.1 Comparison of DNAs from culture and directly from
biopsies
Percentage agreement

was calculated to compare H. pylori genotypes

obtained by PCR performed

directly on gastric biopsies with the genotypes

obtained by PCR of DNA extracted from bacteria cultured.
kappa statistic which allows for chance agreement
to no agreement
represents

In addition, the

(kappa=O corresponds

beyond that expected by chance and kappa=1

perfect agreement)

was reported.

3.16.2 Prevalence of H. pylori genotypes in different age groups
The prevalence of genotypes within different

age categories was

described. The null hypothesis of no association between prevalence and
age was tested using Fisher's exact test and the differences among
groups were tested using Fisher's exact test.

3.16.3 Prevalence of infection with single or multiple strains
The prevalences of infection with single vs. multiple strains was assessed.
For the cagA gene, for example, the occurrence of cagA positive, cag
empty site and mixed (cagA positive and cagPAI negative)

infections was

noted. Prevalences were compared between disease groups and p-values
were determined

using Fisher's exact test.
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3.16.4 Antibiotic resistance in males vs females and between age
groups
Comparisons of antimicrobial

resistance in strains from children vs adults,

males vs females, and distribution

of rdxA nonsense mutations

groups of strains were determined

using Fisher's exact test; a P-value of

<0.05 was considered significant.
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in different

Chapter 4 Prevalence of Helicobacter pylori virulent genotypes:
PCR-based genotyping of Helicobacter pylori of Gambian children
and adults directly from biopsy specimens and bacterial cultures

4.1 Introduction
H. pylori, because it is a fastidious micro-aerobic bacterium, it is
technically difficult to grow and maintain for molecular biologic research in
poorly resourced laboratories in Africa. These challenges coupled with the
uniqueness of genotypes of African strains and special features of human
physiology and environment

in this continent limit our understanding of

the spectrum of H. pylori-associated

diseases and how this is affected by

bacterial genotype in Africa [62,209].

So extensive efforts have been

made to determine an optimum method for peR-based genotyping of H.
pylori [258-261]

with various success rates. The methods used thus far to

detect H. pylori infection such as stool antigen [262] and peR restriction
analysis using an RNA polymerase gene (rpo8) [259] were either found to
be inadequate in detecting H. pylori virulent genes or experimentally

too

complex for routine purposes. To more effectively investigate prevalence
of H. pylori genotypes and their influence on associated diseases in a
West African setting, this chapter sought to determine an optimum
method for peR-based genotyping of H. pylori in The Gambia, and by
extension determine the prevalence of H. pylori and H. pylori genotypes
associated with the development of gastro-duodenal diseases in The
Gambia, West Africa.
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4.2 Results
A total of 169 biopsy samples from 169 subjects between the ages of 9 to
80 years, and 21 from young children between 18 to 31 months were
investigated for H. pylori infections by both culture and peR of DNA
obtained directly from biopsies (figure 3.1). 89/169 (52.6%) biopsies
cultured were initially identified as H. pylori culture positive. Pure H. pylori
cultures were obtained from only 63 of them, but not the other 26,
primarily because of overgrowth by contaminants despite inclusion of
multiple antibiotics in the culture medium (figure 4.1) or bacterial cells
failing to survive further subculture.

Figure 4.1 H. pylori selective media showing over growth of
contaminants
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4.3 Comparison of PCR and culture to detect H. pylori
The same set of 169 biopsies cultured had DNAs extracted directly from
the biopsy material. Direct PCRfrom these DNAs indicated that 164/169
(97%) were positive for Hp16srRNA (table 4.1).

Table 4.1 Comparison between culture results and direct PCR with
H. pylori specific 16srRNA primer
Result

Direct by PCR

Culture

Positive

89 (52.6%)

164 (97.0%)

Negative

80

5

rTotal

169

169

The DNA extracts from the remaining 5 biopsies were H. pylori negative
with Hp16s and did not amplify for any of the genes tested, even though
they were culture positive (figure 4.2).

Figure 4.2 PCR of 5 culture positive samples with H. pylori
16srRNA.

M

1

2

3

4

5

6
Lane M is a lOObp ladder,
lane 1 is a positive control,
lanes 2-6 were H. pylori
culture positive but
negative by Hp16s rRNA
peR.

ioobp
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These five samples were tested for peR inhibitors

by addition of DNA from

a known H. pylori positive sample. The samples which now contained H.
pylori positive DI':JAwere also all negative after peR (figure 4.3). This
implies the presence of a potent inhibitor.

Figure 4.3 peR using H. pylori 16srRNA negative samples with H.
pylori positive DNA

M

1

2

3

4

5

6
Lane M is a lOObp
ladder, lane 1 is a
positive control, all 5
samples (2-6) with H.
pylori +ve DNA added
were negative by
Hp16s rRNA peR.

100bp

Of the 169 subjects between the ages 9-80 years, 121 biopsies from 121
subjects successfully amplified for virulence genes; among the 21 young
children, 8 were Hp16s positive and pure H. pylori cultures were obtained
successfully from six of them (figure 3.1). Direct peR of the biopsies for
virulent

genes from the other 15 children were either negative (n= 10) or

not done (n=5).

Amongst the 80 culture negative adult subjects for whom Hp16s was
positive, amplification

of some or all virulence genes was only achieved in

20 cases. It is not yet known if these strains lacked virulence genes, were
divergent

in primer binding sequences, or the bacterial density was so low

that amplification

was possible only with the most general of primer
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combinations, such as Hp165. The remaining 60 samples did not show
amplification for any of the genes tested despite a positive response to
Hp165.

4.4 Comparison of genotypes between peR on bacterial cultures
and direct PCR on biopsy material
Virulence gene data were obtained by direct PCRfrom both biopsies and
cultures. A comparison of the products that were indicative of cagA, cag
emptysite, vacAs alleles, vacAm alleles, iceA1 and iceA2 between both
methods for detecting H. pylori was summarized for 60 samples for which
sufficient amplified DNA was obtained for the comparisons in table 4.2.

Table 4.2 Comparison of DNA from culture and tissue biopsy
Culture (60)

Biopsy (60)

_genotype
ca_gA status

no

0/0

no

0/0

ca_gA+
ca_gAcagA+ and
ca_gA-

37
14
9

61.7
23.3
15.0

35
13
5

58.3
21.7
8.3

5 allele
51
52
51 and 52
m allele
m1
m2

mt

and m2
iceA allele
iceA1
iceA2
iceA1 and
iceA2

39
14
7
26
20
14
8
46
6

65.0
23.3
11.7
43.3
33.3
23.3
13.3
76.7
10

39
14
0

65.0
23.3
0

23
23
4

38.3
38.3
6.7
10
23.3
50

6
14
30

83

Failure to amplify
DNA from biopsy
material
0/0
no
11.7
7

7

11.7

10

16.7

10

16.7

4.5 Detection of cagA using biopsy material and culture
The proportion of samples that were cagA+ve (figure 4.4) with DNA from
biopsies and from culture was similar, 58.3% and 61.7% respectively
(table 4.2).

Figure 4.4 peR inferred results of cagA gene
M

1

2

3

4

5
1.5% gel electrophoresis of H.
pylori genotypes showing PCR
results of cagA. Lane M is a 100bp
ladder (Biolabs, UK); lanes 1, 2, 3
and 5 showed PCR products
(349bp) of cagA genes, lane 4 is
cagA negative
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4.6 Detection of cag empty site using biopsy material and culture
For the cag empty site, the proportions

of samples that were cag empty

site positive (figure 4.5) with DNA from culture isolates and tissue
material were also similar, 23.3% and 21.7% respectively

(table 4.2) but

the presence of strains that were both cagA gene positive and cagA
negative were higher in DNA from culture isolates than from tissue
biopsies, 15% vs 8.3% respectively.

Figure 4.5 peR inferred results of cag emptysite.
M

1

2

3

4

5

1.5% gel electrophoresis of H.
pylori genotypes showing PCR
results of cag emptysite.
Lane M is a 100bp ladder (Biolabs,
UK), lanes 1, 2 and 4 showed PCR
products of 535bp indicating the
presence of cag emptysite, lanes 3
and 5 were cag emptysite negative
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4.7 Detection of signal region alleles (51,52) using DNA from
biopsy material and culture

The presence of 51 and/or 52 allele was inferred when a product of the
expecteo size, (259bp and/or 289bp) was obtained using appropriate
primers (figure 4.6).

Figure 4.6 peR inferred results of signal region of vacA gene.

M

1

2

3

4

5
1.5% gel electrophoresis of
H. pylori genotypes showing
peR results of 51 and 52
allelles of vacA gene. Lane M
is a lOObp ladder (Biolabs,
UK), lanes 1 and 2 showed
the presence of 51 (259bp),
lane 3 is both 51 and 52
positive and lanes 4 and 5
were 52 (289bp) positive.

The success in amplification
toxigenic)

of vacA51/52 (51

from cultures and corresponding

and 4.3). The prevalence of both
respectively.

vecas:

=

toxigenic vs 52

=

non-

biopsies was similar (table 4.2

and vacA52 was 65% and 140/0

However, multiple alleles of vacA51/52 were found only in

11. 7% of samples from culture isolates and none from tissue biopsies
(table 4.2).
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4.8 Detection of mid region alleles (m1., m2) using biopsy material
and culture
For the vacA middle region (ml and/or m2), their presence were inferred
when a product of the expected size, (290bp and/or 352bp respectively)
were obtained using appropriate primers (figure 4.7).

Figure 4.7 peR inferred results of mid region of vacA gene
M

1

2

3

4

5

1.5% gel electrophoresis of H. pylori
genotypes showing peR results of ml
and m2 allelles of vacA gene. Lane M
is a 100bp ladder (Biolabs, UK), lanes
1, 2 and 3 are ml positive, 290bp;
lanes 4 and 5 showed the presence of
m2 (352bp).

The prevalence of vacAml and vacAm2 was also similar (table 4.2) but
multiple alleles of vacAml/m2

were found in 23.3% of samples from

culture isolates as oppose to 6.7% from tissue biopsies (table 4.2).
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4.9 Detection of iceAl and iceA2 using biopsy material and culture
The iceA gene has two allelic variants that yielded either 297bp (iceAl) or
229bp and 334bp (iceA2) products by peR (figures 4.8 and 4.9).
Figure 4.8 PCR inferred results of iceAl

M

1 234

5
1.5% gel electrophoresis
of H. pylori genotypes
showing PCR results of
iceA1 gene. Lane M is a
lOObp ladder (Biolabs,
UK), lanes 1, 2 and 5
showed the presence of
297bp of iceA1, lanes 3
and 4 were iceA1
negative.

Figure 4.9 PCR inferred results of iceA2

M

1

2

345
1.5% gel electrophoresis
of H. pylori genotypes
showing PCR results of
iceA2. Lane M is a 100bp
ladder (Biolabs, UK),
lanes 1 and 2 showed
the presence of 334bp of
iceA2 and lanes 3 and 4
were iceA2 positive of
229bp, lane 5 was iceA2
negative.

The prevalence of iceAl from culture isolates and corresponding
was similar;

13.3% and 10% respectively.

iceA2 was abundant

However, the presence of

in culture isolates (76.7%)
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biopsies

as opposed to 23.3% in

the corresponding tissue biopsies. Multiple genes (iceA1 and iceA2) were
four times higher in tissue biopsies than the corresponding cultures; 500/0
vs 100/0 (table 4.2).

4.10 Comparison of genotypes detected from culture and biopsy
material
The agreements between genotypes inferred using DNAs directly from
these two sources was good for both cagA and m1, m2 alleles of vacA,
moderate for sl, s2 alleles of vacA, and poor for iceA (table 4.3).
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The poor agreement in the iceA analysis stemmed from the many
classified only as iceA2 by peR from bacterial culture but iceAl and iceA2
by biopsy which could have been due to the fact that certain bacterial
strains in a mixed infection grew much better than others in culture. In
direct peR up to 16.7%

of culture positive biopsies failed to amplify DNA

for individual alleles.

The proportion of biopsies that were cagA+, the proportion of vacAsl,
vacAml,

and

and the proportion of mixed cultures from individual subjects

varied with age.

All peR results, including samples obtained from cultures and from direct
peR on biopsies (127 in total) are summarized in table 4.4.
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Table 4.4 Variation in frequency of alleles with age from samples
obtained by peR directly from biopsies or subcultured H. pylori.
Age
_(years)
1.5-2.5
9-29
30-40
41-59
>=60
Total
Age
_(years)
1.5-2.5
9-29
30-40
41-59
>=60
Total
Age
_(years)
1.5-2.5
9-29
30-40
41-59
>=60
Total
Age
_(years)
1.5-2.5
9-29
30-40
41-59
>=60
Total

cagA+ &
Total
6
54
31
24
12
127

cagA+
1 (16.7)
35 (64.8)
22 (71.0)
15 (62.5)
2(16.7)
75 (59)

cagA5 (83.3)
10 (18.5)
2 (6.5)
4(16.7)
5(41.7)
26 (23)

Total
6
54
31
24
12
127

sl

s2

1 (16.7)
43 (79.6)
27 (87.1)
18 (75.0)
5(41.7)
94 (74)

5 (83.3)
9 (16.7)
3 (9.7)
5 (20.8)
6 (50.0)
28 (22)

ceas:

o

(0)
8 (14.8)
6 (19.3)
4 (16.7)
5(41.7)
23 (18.1)
sl&s2
o (0)
o (0)
o (0)
o (0)
1 (8.3)
1 (0.8)

Total
6
54
31
24
12
127

m1

m2

1(16.7)
25(46.3)
16(51.6)
12(50.0)
2( 16.7)
56(44)

5 (83.3)
17(31.5)
8 (25.8)
4(16.7)
7 (58.3)
41 (32.3)

m1&m2
o (0)
10 (18.5)
5 (16.1)
4(16.7)
3 (25.0)
22 (17.3)

Total
6
54
31
24
12
127

iceA1
3 (50.0)
3 (5.6)
6 (19.3)
4(16.7)
2 (16.7)
18 (14.2)

iceA2
1 (16.7)
19 (35.2)
7 (22.6)
10(41.7)
6 (50.0)
43 (33.9)

iceA1&2
2 (33.3)
29 (53.7)
15 (48.4)
7 (29.2)
4 (33.3)
57 (44.9)

Not
amplified
0(0)
1(1.8)
1(3.2)
1(4.2)
0(0)
3(2.4 )
Not
amplified
0(0)
2(3.7)
1(3.2)
1(4.2)
0(0)
4(3.1)
Not
amplified
o (0)
2 (3.7)
2 (6.5)
4 (16.7)
o (0)
8 (6.3)
Not
amplified
o (0)
3 (5.6)
3 (9.7)
3 (12.5)
o (0)
9 (7.1)

This data (table 4.4) is further illustrated in the bar charts below:
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P-value

0.001

P-value

<0.001

P-value

0.103

P-value

0.065

Figure 4.10 virulent genes in various age groups
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Figure 4.11 Non-virulent genes in various age groups
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Where both culture from biopsy and peR directly from biopsy were
positive, only the results obtained from biopsy were included in this
analysis.

None of the young children had mixed cultures with relation to cagA,
vacas or vacAm alleles as opposed to 14.8% to 53.7% in other age
groups (table 4.4). Young children of 18-31 months also exhibited lower
levels of the toxigenic genes (strains that lacked the cagPAI and the less
toxigenic alleles (52,m2) than any of the adult groups (table 4.4, figures

4.10 and 4.11). This difference was only statistically

significant

(PSO.02)

when isolates obtained from children were compared with those from
adults aged less than 60 years for cagA and 51 allele of vacA, and when
compared with isolates from adults aged 41-59 years for m1 region of
vacA. However, the sample size in children was small and therefore
difference

between children and adults should be interpreted

the

with caution.

4.11 H. pylori genotypes and age
The prevalence of virulence genes was age-dependent.

The virulent cagA

oncogene and the vacA toxigenic alleles of 51 and m1 were more common
among the 30-40 year age group and less common in younger and older
age groups. This association was statistically

significant

(P<0.05) for cagA

and vacA5 and not for the mid region of vacA gene and iceA alleles

(P>0.05, table 4.4). Only 1 elderly subject (70 years) was found to have
mixed colonization

with vacA51/52. The situation with iceA was more
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complicated, with a large number of individuals exhibiting mixed
iceAl/iceA2

colonization.

4.12 Discussion
This chapter describes the prevalence of H. pylori genotypes in The
Gambia and also describes the comparison between results obtained from
direct peR to detect H. pylori from gastric biopsies in West Africa,
compared to peR of bacterial isolates obtained from the same set of
gastric biopsies. The present study establishes the prevalence of H. pylori
infection in dyspeptic patients in The Gambia. The overall prevalence of H.
pylori among the study patients was 97% by direct peR and 53% by
culture, although this varied with age. This prevalence is comparable with
that of other developing countries.

Both peR and culture techniques produced different success rates, as set
out in tables 4.3-4.4, and both failed to detect H. pylori in a significant
proportion of infections. The results presented here agreed with Park et al
[263] in that direct peR can produce inconsistent results, and tend to
underestimate

the prevalence of specific virulence factors (table 4.3-4.4).

However, in this study, a good consistency of genotypes was detected
between both techniques consistent with what was reported in a similar
study by Chattopadhyav

[258] where 83-97% of paired samples (biopsies

vs cultures) had identical results for the various H. pylori virulent cagA
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and vacA genes [258] but different from another study where only 32.8%
of paired samples had identical results [264].

This data differs in that considerably greater difficulty in obtaining pure
subcultures of H. pylori from gastric biopsies than Park, with a
consequently higher failure rate was experienced. I have been involved in
studies cultivating H. pylori from gastric biopsies from populations
throughout the world, and it is my personal observation that sub-culture
failure is a particular problem amongst West African isolates, as
encountered in the present study. The reasons for this are not
immediately apparent.

As a consequence of this problem, not all biopsies from which virulence
factor DNA was amplified yielded a primary isolation of H. pylori, and
there was a significant loss of isolates at subculture. PCRfrom subcultures
gave higher rates of mixed colonization for cagA and vacA genes than
direct PCRof biopsies, in contrast to the situation reported elsewhere with
higher culture success rates [263]. In Park's study, 27% of cases had
mixed infections with tissue DNA as compared to only g% with bacterial
DNA. In this study, the high numbers of mixed infections observed in
cultures may have been due to artifact, either by enhancement of a minor
strain from within the stomach, or due to modification of genome during
culture as observed in a clinical study where different genotypes in a
patient which may have developed from repeated sub-culturing [265].
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This study showed that direct peR produced more positive results, gave
rise to fewer concerns about the development of artifact, and was more
rapid and convenient.

The data also indicate that there may be peR inhibitors or potent
nucleases in some gastric biopsies. In this case 3% of biopsy samples
were inhibited for H. pylori and also for all virulent genes and up to about
12% for various individual virulent genes (table 4.3). This is consistent
with findings in similar studies [19,260,263].
underestimation

However, the

of H. pylori by peR in this study was similar to the 8.4%

reported in a study by Park [263] but less than the 42% reported in
another study [261]. Their occasional presence and the underestimated
prevalence of specific virulence factors by direct peR illustrate that culture
can be a useful complement to direct peR for studies in which complete
ascertainment

of H. pylori virulence factor genotypes, including mixed

colonization, is desired.

The study showed a difference in predominant genotype with subjects'
age. In addition to adults of various age groups, this study also
investigated children who were very young (18-31months)

and were

therefore closer to the time of colonisation. Young children produced
isolates that were more likely to be cagA-ve, and vacAs2m2, in contrast
to adults who were more likely to harbour cagA+ve vacAslml

isolates.

The studies that have so far characterized child isolates (mainly from
97

-------------~

--

-----------

children older than those in this study) have shown marked geographical
differences of genotypes. For example, studies in Brazil, Slovenia, North
America, Korea and Japan [81-85] have shown that between 64-75% of
all child isolates carried the virulent 51 allele of vacA gene. 82% of Korean
isolates [84] carried the m1 allele of vacA gene and 94% of cagA gene
which is similar to figures reported in Japan [81]. Similarly in Brazil [82],
the majority of child isolates were m1 allele positive. In contrast, a
significant number of adults carried the more virulent genes of cagA and
vacA in Portugal [87] than isolates from children. This is similar to figures

reported in Israel [88] where only about 25% of children carried the
virulent cagA gene and 65% of the avirulent vacA alleles of 52m2. In this
study, children were also less likely to have mixed populations of H. pylori
strains, which may relate to children aged 18 to 31 months being
relatively recently colonized by H. pylori, compared to older individuals.
The strains of H. pylori discovered in adult stomachs, at ages when typical
H. pylori associated diseases develop, may be genotypically distinct from
the original strains that first colonized young Gambian children. This could
be due to recombination of the H. pylori genome over the course of
decades [104,266] and/or re-exposure to novel strains, with more
pathogenic strains circulating predominantly amongst adults.

4.13 Conclusion

The prevalence of H. pylori in The Gambia is high and comparable to
figures reported in other developing countries. However, in order to
98

detect the range of bacterial genotypes

harbored by individual

patients,

direct peR proved slightly superior to isolation of H. pylori by biopsy
culture in this study, but the techniques
other, and the use of both together

were complementary

to each

produced the most complete picture.

Despite the lower success rate and greater cost of H. pylori culture
relative to peR directly from biopsies, culturing
for antibiotic
phenotypic
mammalian

susceptibility

tests that could guide therapy and other

tests such as bacterial adherence,
cells, expression

which peR alone is unsuitable.
greatly improved

H. pylori is still important

cagA and vacA action on

of other colonization

and virulence traits for

The use of peR to detect genotypes

on the detection

children of 18-31 months exhibited

of genotypes

has

in this study. Young

lower levels of the toxigenic

genes

(strains that lacked the cagPAI and the less toxigenic alleles (52,m2) than
any of the adult groups (table 4.4).
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Chapter 5 Mixed Infection with cagA Positive and cagA Negative
Strains of Helicobacter pylori Lowers Disease Burden in The
Gambia.
5.1 Introduction
Earlier reports indicated high prevalence of H. pylori colonization, but a
low frequency of H. pylori-associated

disease in Africa [62,209,267],

a

phenomenon that was called the "African enigma" [62]. DNA sequencing
of housekeeping and virulence genes have shown that different sets of
genotypes predominate in different human populations [160]. Of
particular interests have been H. pylori's cagA oncogene and toxigenic sl
and m1 alleles of its vacA gene, which have been implicated in
gastroduodenal
[268,269],

diseases caused by this pathogen both in epidemiologic

experimental

animal and cell culture infection [270]. This said,

several studies from different world regions have not detected such an
association [79,80,268],
virulence-modulating

an outcome suggesting the possibility of other

factors.

Individuals can be colonized by either a single or multiple strains of H.
pylori, and even colonization by what is initially a single strain can, over
time, lead to the emergence of multiple H. pylori subpopulations,

due

variously to mutation or to genetic recombination either between
duplicate sequences in the single strain's genome or with DNAs from
other transiently

colonizing strains [268]. The prevalence of such mixed

infections has been reported to vary (5-68%)

[264,271-274],

depending

on geographical region, whether in a developed or developing country
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(low and high overall infection risk, respectively),

and probably also

methods of analysis. The H. pylori virulence-associated
cytotoxin (vacA) and cag pathogenicity

vacuolating

island (cagPAI) genes, and also

the cag empty site in strains lacking the cagPAI, are typically found in
only one copy per genome [105,274-276].

Accordingly, detection of both

the cagA gene and the cag empty site, or of both sl and s2 (signal
sequence; at 5' end of gene) or both m1 and m2 (middle region) alleles of
vacA in a biopsy or in pool of H. pylori from a person indicates mixed
infection.

We speculated if having mixed infection might influence the risk of gastric
disease; for example, if strains of different genotypes might occupy a
broader range of niches in the stomach as has been seen during
experimental

infection [253] and thereby impact on clinical outcome. In

this chapter, we investigated the genotypes of H. pylori in The Gambia
and the relation of apparently single versus mixed infections to gastroduodenal diseases. Biopsy samples used for this study were collected
from only the antrum of subjects. Although our primary aim was to look
at variation within single biopsies, using both antral and body biopsies
would have been more optimal to determine H. pylori strains that colonize
different regions of the stomach. However, some Gambian subjects were
happy to allow research biopsies from different regions of the stomach.
Others consented to a single additional research biopsy, which was taken
from the gastric antrum, the preferential site for H. pylori colonisation
101

[62]. As we only had a complete set of antral biopsies, we therefore

only

included biopsies collected from the gastric antrum in this chapter.

5.2 Results
5.2.1 Gastroscopy results of all patients referred for endoscopy
Clinical data from the MRC Unit in The Gambia revealed that of 428
patients with gastric complaints
between 2003-2008
(4.7%)

(figure 3.1), 8 (1.9%)

and 15 (3.5%)

that the others (89.9%)
non-ulcer

investigated

by gastric endoscopy
had gastric carcinoma,

had gastric and duodenal ulcers respectively,

20
and

did not have such overt disease (diagnosed as

dyspepsia (NUD) as shown in table 5.1.

Table 5.1 Endoscopy results of patients
No
20
15
9
8
256
93
20
4
2
1
428

Disease
Gastric ulcer
Duodenal ulcer
Gastric erosion
Gastric cancer
Gastritis (endoscopic appearance)*
Normal gastric tract appearance*
Oesophagitis*
Oesophageal ulcer*
Oesophageal cancer*
Duodenal diverticulitis*
Irotal

0/0

4.7
3.5
2.1
1.9
59.8
21.7
4.7
0.9
0.5
0.2
100

=Non-ulcerative gastric diseases (NUD) = gastritis, oesophagitis,
oesophageal ulcer, oesophageal cancer, duodenal diverticulitis or normal
appearance of gastric tract

102

--------------------'

..-.~---.----------

5.2.2 Gastroscopy results of study subjects
Endoscopic examination

showed that of the 121 study subjects whose

biopsies tested positive for H. pylori (figure 3.1, table 5.2), 11 had gastric
ulcer (GU), 7 had duodenal ulcer (DU), 1 had both gastric and duodenal
ulcers, 7 had gastric erosions (GE), 1 had gastric carcinoma
other subjects (94) who presented with either abdominal

(GC) and all

pain or

dyspepsia had no evidence or history of gastric or duodenal ulcers.

Table 5.2 Gastroscopy results of 121 patients
Disease
Non-ulcerative disease (NUD)
Gastric ulcer (GU)

Number
94

11

78
9

Duodenal ulcer (DU)
Gastric erosion (GE)
Gastric & Duodenal ulcer (G+DU)
Gastric cancer (GC)
Total

7
7

6
6

1
1
121

1
1
100

Our previous data (Chapter 4) demonstrated
detection

of mixed isolates in individual

PCR amplification

that in The Gambia

biopsies was best undertaken

directly from biopsy material

culture (Secka 0 Gut 2011). Consequently,
were based only on DNAs amplified

0/0

by

rather than by bacterial

the analyses in this chapter

directly from biopsy samples.

5.2.3 Prevalence of H. pylori genotypes
One hundred and twenty one patients of the 169 study participants
(figure 3.1) were inferred to be infected with H. pylori when DNAs
extracted

from their biopsies were tested by PCR for the presence of H.
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pylori cagA gene and cag empty site. Seventy four biopsies (61.20/0) were
positive for the cagA gene only, 21 (17.4%) were positive for the cag
empty site only and 23 (19%) were positive for both. In parallel we also
tested for the vacA gene presence and allele types. In all, 93 of 121
(76.9%) were positive only for the vacA51 allele, 23 (19.0%) were
positive only for the vacA52 allele and 1 (0.8%) was positive for both.
Only m1 or only m2 alleles of vacA were detected in SS (45.5%) and 36
(29.8%) of biopsies tested respectively;
infections) were found in 22 (18.2%)

both m1 and m2 (mixed

biopsies and up to 6.6% of biopsy

DNAs failed to amplify for individual alleles (table 5.3).

Table 5.3 Prevalence of H. pylori genotypes
H. pylori genotypes
cagA+
cagAcagA+ & cagANo amplification of cagA or cag empty site
51
52
51 &52
no amplification of 51 or 52
m1
m2
m1 &m2
No amplification of m1 or m2
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n
74
21
23
3
93
23
1
4
55
36
22
8

%
61.2
17.4
19.0
2.5
76.9
19.0
0.8
3.3
45.5
29.8
18.2
6.6

5.2.4 Association between H. pylori genotypes
Of the 93 H. pylori strains that were positive only for

vecasi,

72 (77.40/0)

were cagA positive compared with only 1 (4.3%) cagA positive among the
23 strains that were positive only for vacA52; most (16) of them
contained the cag empty site allele only (table 5.3). Similarly, nearly all
51m1 positive biopsies (92.5%) contained cagA genes, whereas none of
those containing only vacA 52m2 allele were cagA positive (table 5.4).

Table 5.4 Association of vacA with cagA Helicobacter pylori
genotypes
cagA+

cagA-

cagA+ &

H. pylori
genotypes
51m1

n

(%)

n

(%)

n

(%)

Incomplete
cagA
(0/0)
n

49

(92.5)

1

(1.9)

3

(5.7)

0

(0)

53

51m2

9

(SO)

3

(16.7)

5

(27.8)

1

(5.6)

18

52m2

0

(0)

16

(88.9)

2

(11.1)

0

(0)

18

52m1

0

(0)

0

(0)

0

(0)

0

(0)

0

51m1m2

12

(66.7)

0

(0)

6

(33.3)

0

(0)

18

5152m1m2

0

(0)

0

(0)

1

(100)

0

(0)

1

52m1m2

0

(0)

0

(0)

3

(100)

0

(0)

3

ceaa:

Total

Incomplete
2
4
(10)
3 (30)
(20)
(40)
1
10
VacA
Incomplete cagA=cagA and cag empty site were not detected
Incomplete vacA=either vacAs or vacAm regions were not detected (4/10 vacAsl was
detected & vacAm was missing, 2/10 vacAs2 detected and vacAm missing, 2/10 vacAml
detected and vacAs missing and for 2/10 both vacAs and vacAm were missing).
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5.2.5 Association of H. pylori virulence genes with upper gastric
diseases
.
cagA positive H. pylori strains were found more frequently among study
participants with gastroduodenal

diseases than those with NUD: duodenal

ulcers (6/7; 85.7%), gastric erosions (5/7, 71.4%), gastric ulcers (8/11,
73%); no overt gastric disease (53/94, 56.4%; (tables 5.5 and 5.8).
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5.2.6 vacA alleles and clinical outcome
Toxigenic slml alleles were found in 6 of the 11 (54.5%)
diagnosed with gastric ulcer, 42.9%,

patients

42.9% and 42.6% in those with

duodenal ulcers, gastric erosions and NUD, respectively

(table 5.6). The

prevalence of vacA alleles were similar in the two groups of patients;
overt disease vs. NUD. That is, no association was found between vacA
alleles and clinical outcome (p=O.94, tables 5.6 and 5.7).
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Table 5.7 Association
outcome

H. pylori genotypes
51m1
51m2
52m2
51m1m2
5152m1m2
52m1m2
§Incomplete vacA
Total

between vacA genotypes and clinical

Overt gastric disease
%
n
13
48.1
3
11.1
18.5
5
4
14.8
0
0
0
0
7.4
2
27
100

NUD
%

n
40
15
13
14
1
3
8
94

42.5
16.0
13.8
14.9
1.1
3.2
8.5
100

§Incomplete vacA=either vacAs or vacAm regions were not detected (4/10 vacAs1 was
detected & vacAm was missing, 2/10 vacAs2 detected and vacAm missing, 2/10 vacAm1
detected and vacAs missing and for 2/10 both vacAs and vacAm were missing).
Overt gastric disease = DU=duodenal ulcer, GC=gastric carcinoma, GE=gastric
erosion, GU=gastric ulcer, GUDU=gastric ulcer and duodenal ulcer
NUD = gastritis, oesophagitis, oesophageal ulcer, oesophageal cancer, duodenal
diverticulitis or normal appearance of gastric tract

5.2.7 cagA status and clinical outcome
In the 27 patients with overt gastric disease, 77.8% were cagA positive
compared to 56.4% of those with NUD (p-value=O.Os, tables 5.5 and
5.8). Mixed colonisation (figure 5.1) was only found in the group of
patients diagnosed with non-ulcerative

dyspepsia (NUD).

Table 5.8 cagA and clinical outcome
Overt gastric
disease
%

NUD

%
n
cagA status
n
56.4
cagA+
53
77.8
21
16.0
cagA15
22.2
6
24.5
23
cagA+& cagA-0
0
3.2
3
no amplification
0
0
100
94
Total
100
27
Overt gastric disease = DU=duodenal ulcer, GC=gastnc carcmorna,
GE=gastric erosion, GU=gastric ulcer, GUDU=gastric ulcer and duodenal ulcer
NUD = gastritis, oesophagitis, oesophageal ulcer, oesophageal cancer, duodenal
diverticulitis or normal appearance of gastric tract
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Mixed infections were inferred based on three possible criteria (detecting
both cagA+ and cagA-, detecting both

vecas:

and 52, or detecting both

vacAm1 and m2). Twenty two or 23 patients had mixed infections,
depending on which gene was analyzed (figure 5.1).

Figure 5.1 H. pylori multiple genotypes

SOObp

300bp

M=100bp ladder, H. pylori DNA
from this patient amplified for
all H. pylori genes tested. This
patient carried multiple H. pylori
strains that were cagA+slml
and cagKs2m2.

For cagA gene, 23 patients were considered to have mixed infections
(cagA positive and cagA negative). Of these with cagA mixed infections,
10 were also positive for both m1 and m2 alleles of vacA and only one
individual considered to have mixed infection for cagA gene was positive
for both 5152 alleles.

Conversely, 12 individuals who were considered to have mixed infection
for vacAm1 and m2 alleles were only positive for either cagA or cag
empty site.

All 27 subjects with overt gastric diseases (table 5.8) were of uniform
cagA status (that is, uniquely cagA gene positive or cag empty site
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positive, figures 5.2 and 5.3), whereas only 72.3% (68/94) of NUD were
of uniform status; the other 23 contained mixed (cagA positive, cag
empty site positive) infections (figure 5.1).
Figure 5.2 Single H. pylori strain
that is cagA+slml

Figure 5.3 Single H. pylori strain
that is cagA-s2m2

500bp

500bp

300bp

300bp

M=100bp ladder, H. pylori DNA
from this patient amplified for
cag emptysite, s2 and m2. This
patient carried a single H. pylori
non-virulent strain (cagks2m2).

M=100bp ladder, H. pylori DNA
from this patient amplified for
cagA, sl and m1. This patient
carried a single H. pylori virulent
strain (cagA+s1m1)

Three other biopsy samples did not give cagA gene or cag empty site
amplification (table 5.8). This association between uniform cagA status
and overt disease was statistically significant (p=0.002).

5.2.8

Association between age and clinical outcome

Higher prevalence of overt disease was found in those subjects that were
over 40 years of age. Conversely subjects between 30-40 years had less
overt diseases. However, across the entire trend of age distribution, no
significant association was found between age and overt gastric disease
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(24.5% <30 years, 12.5% 30-40 years and 27.8% >40 years; pvalue=0.26, table 5.9).

Table 5.9 Association between age and clinical outcome

Age groups
<30 years
30-40 years
>40years
p-value=0.26

NUD

Overt disease
(0/0)
n
(24.5)
13
4
(12.51
(27.8)
10

n
40
28
26
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(0/0)
(74.5)
187.51
172.21

Total
53
32
36

5.2.9 Association between age and mixed infection
For mixed infections, subjects that were over 40 years were found to
habour strains that were both cagA positive and cagA negative. However,
there was no association between age and frequency of mixed infection
(15.1 % <30 years, 18.8% 30-40 years, 25% >40 years; p-value=0.46,
table 5.10).

Table 5.10 Association between age and mixed infection

Age groups
<30 years
30-40 years
>40years

Mixed cagA
{cagA+ &. cagA-}
(%)
n
(15.1)
8
(18.8)
6
(25.0)
9
p-value=0.46

Uniform cagA status
{cagA+ or cagA-}
(%)
n
(84.9)
45
(81.2)
26
(75.0)
27

Total
53
32
36

5.3 Discussion
H: pylori infection is common in dyspeptic adults in The Gambia [19,277],
as is typical of developing countries. The range of H. pylori genotypes
implicated in overt gastroduodenal disease as opposed to benign
colonization or possibly even beneficial carriage [269] had not been
extensively investigated in Sub-Saharan Africa. Here we studied the
distribution

of H. pylori's

main virulence genes, cagA and toxigenic alleles

of vacA, in The Gambia, and their possible associations with disease
outcome.
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The prevalence of gastroduodenal disease (10%) that we detected
endoscopically is similar to that reported elsewhere in Sub-Saharan Africa
[75] and may be lower than that in Europe and North America. In The
Gambia, gastric carcinoma reported from patients who attended the only
endoscopy unit in the country was 1.9% similar to what was reported in
some sub-Saharan countries such as Ivory Coast (2%) and Cameroon
(30/0) but lower than the 6.6% reported in Kenya [75]. However, these
estimated prevalences should be interpreted with caution as they may not
be representative

of the general population, but instead indicate the

prevalence of disease among people with gastric complaints of sufficient
severity to prompt diagnostic endoscopy.

We found that just over half of biopsy DNA (61.2%) carried the cagA
gene (table 5.3) similar to the 61.6% found in Tunisia [278]; and that
mixed infections (both cagA positive and cagPAI negative) were common.
Multiple vacA genotypes (m1 and m2) were also found in 22% of our
study populations similar to the 18% reported in Korea [279] but higher
than the 7% reported in Ethiopia [61]. High prevalences of mixed vacA
genotypes (31 %) were reported in a study in Tunisia [278].

.

We also found toxigenic vacAs1 and m1 alleles to be abundant in this
study, but not universal (76.9% and 45.5%) similar to the 88.5% sl and
57% m1 reported in Ethiopia [269]. In contrast, most H. pylori strains
from Egypt carried vacAs2 and m2 alleles, (57.1% and 85.70/0,
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respectively)

[269], whereas some 90% or more of strains in Japan,

coastal China, and India carried vacA51 alleles [21,280,281].

vacAm1

type alleles were also nearly universal in Japanese main island strains,
Whereas vacAm2 strains were predominant in coastal China (81%)
[281,282].

In this study, most of the vacA51 strains (77.4%) were cagA

Positive similar to what was observed in a study in South Africa (90%)
[109].

Up to 6.6% of samples in this study failed to amplify for individual genes
consistent with other findings [109,258,263],

perhaps due to PCR

inhibitors or potent nucleases in some gastric biopsies as also suggested
previously [109,263,277].

Thus, our data reinforce conclusions that different H. pylori genotypes,
especially types of genes or alleles implicated in virulent vs. benign
infections, predominate in different human populations. Strains of the
vacA 51m2 type were most common in coastal China (81%),

and also

seemed to predominate in Southern Nigeria (74%) [170]; and both 51m2
(200/0) and 52m2 (20%) allele types were abundant in South Africa [109].
This contrasts with the predominance of vacA 51m1 strains found in our
Gambian study participants. This apparent difference between Nigerian
and Gambian strain genotypes could have several explanations,

including

the distance separating these two West African countries (>3000 km), or
clima_~icdifferences (high rainfall and humidity in Southern Nigeria vs
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aridity for much of the year in The Gambia). Such explanations would
entail genetic divergence by random genetic drift and selection for
adaptation to local conditions respectively.

Previous reports of a lower than expected prevalence of H. pylori
associated disease in Africa [62,115,209]

might in principle reflect the

influence of bacterial and/or human genotypes, environment

including

other infections (e.g. parasitic infections that affect host response to H.
pylori),

normal gut microbiota, diet (including anti-oxidants,

salt, spices)

or likelihood of seriously ill persons being diagnosed and their cases
entered in registries. In accord with this last explanation,
suggestions that gastroduodenal

have been

disease is actually common in Africa,

that there is no African enigma [79,80].

Until recently, life expectancy in

Africa was relatively short compared to developed countries and because
of this, the prevalence of gastric cancers and other gastroduodenal
diseases which are diseases that develop in later life would be expected to
be low. This coupled with poor maintenance of cancer case registries,
under reporting of cases and limited access to health care facilities for

most of the populations in Africa may have led to the concept of the
"African enigma". As more populations get access to standard medical
care and life expectancy increasing, prevalence rates of gastroduodenal
diseases have been found to be similar to what was reported in
industrialized countries [79].
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The cagA gene and vacAs1 and m1 alleles are often linked to severe
disease, and the vacAs2 and m2 alleles with more benign infections
(gastritis only) in other populations. This is partially reflected in our
results: with respect to cagA we did not find a "Gambian-H. pylori
virulence gene" enigma similar to what was reported in Senegal [283];
disease associations with vacA were less clear cut in accord with reports
from Sweden [284]. The possible effects of bacterial or human genetic
and physiologic differences, food, history of other infections and other
environmental

and lifestyle factors, on outcomes of chronic H. pylori

infections in sub-Saharan Africa merit further more detailed analyses.

Most important,

was our finding that co-existence of cagA positive and

cagA negative strains was significantly

more common amongst patients

with NUD than among those with overt disease, which suggests that
mixed colonization is protective. In principle, protection against
development of overt gastric disease might stem from simple competition
- whereby carriage of a less virulent (cagA-negative)

strain diminishes

the vigour of growth of a coexisting virulent strain, thereby reducing its
impact on host tissues. It is also possible that factors in cagA-negative
strains that diminish the impact of virulence proteins such as CagA might
predominate during cagA-positive and cagA-negative mixed infections

[285]. Or, more generally, an increased complexity of immune responses
during chronic infection by multiple divergent H. pylori strains might
effectively diminish the inflammatory

action of an individual virulent
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strain, and thereby resultant pathology in host tissues, as noted with
other infections [286-289].

In accord with this idea, the risk of developing

overt disease seemed higher in subjects apparently colonized only with
cagA negative H. pylori, than in those with mixed cagA positive and
negative strains.

Further, the shift in the dominant strain seen in mixed infection due
mainly to either recombination

and/or mutation [186] may also help the

bacteria to evade cellular responses by presenting antigenic variation and
diversity [290].

Conversely, however, the presence of mixed infections might also stem
from increased intrinsic host susceptibility

to H. pylori infection and

equally the development of a more severe clinical outcome [291-293].

5.4 Conclusion
This study has revealed frequent gastro-duodenal

disease among

Gambians with gastric complaints. Many strains carried cagA+ and 51, m1
alleles of vacA, which are disease associated in many European and North
American populations. Although cagA status was associated with disease
in The Gambia, alleles of vacA were not. Comparison of our data with
those from southern Nigeria pointed to a potentially significant difference
in linkage of signal sequence (51 vs. 52) and middle region (m1 vs. m2)
alleles, which control the potency and tissue specificity of toxin action
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respectively (51m1 most common in The Gambia, vs. 51m2 most common
in Nigeria). The possibility that such differences reflect selection for
optimal genotypes or random genetic drift in these well-separated

West

African nations merit further study. We suggest that our most interesting
finding is the significantly

lower disease burden in Gambians infected with

a mixture of cag-positive and cag-negative strains, relative to those
containing only cag-positive or only cag-negative strains. The possibility
that repeated exposure to colonisation by H. pylori would be beneficial in
Sub-Saharan Africa and in developing countries more generally needs to
be considered when developing more effective strategies for treating H.
pylori infection and thus altering the risks of gastroduodenal

[294].
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disease

Chapter 6 Population Genetic Analyses of Helicobacter pylori
Isolates from Gambian Adults and Children.
6.1 Introduction
H. pylori is a genetically diverse Gram negative micro-aerophilic

bacterial

species that chronically infects some half of all humans worldwide, and in
particular, most people in developing countries [295]. It is implicated in
chronic gastritis, gastroduodenal

ulcers and gastric cancer [70,296]

and

also increased risk of infection by diarrheal pathogens [141], infant
malnutrition

and growth faltering [251] in low income societies, although

most infections are benign, and some may be beneficial [162,297].

The

risk of infection resulting in overt disease is likely determined by H. pylori
genotype in combination with other variables such as human genotype
and physiology, nutrition and environmental

factors.

H. pylori is usually acquired in childhood [298] and can persist for life
unless eradicated by antibiotics [68]. A prevalence of ~ 80% is typical in
developing countries [19,62,63,299],

but has become far lower during the

last century in industrialized countries (around 20%), probably due to
dramatic improvements
predominantly

in hygiene and sanitation [100]. Transmission is

intrafamilial

with a low risk of adult infection in

industrialized countries [89,101],

whereas transmission within the local

Community is more frequent in developing countries, and often to adults
as well as children, probably reflecting imperfect sanitation and hygiene in
these societies.
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Independent

H. pylori isolates typically

sequence, allowing different

differ by some 2% or more in DNA

strains to be distinguished

sequencing of one or more housekeeping
great genetic diversity

readily by

genes [181]. This pathogen's

is also readily detected by the arbitrarily

peR (RAPD) method, wherein each strain yields a characteristic
DNA fragments,

different

isolates [300].

In addition,

DNA sequencing-based

analyses (e.g.

in different

human populations

diversity within and between populations

transmission

This epidemiologic

This great

can be ascribed to H. pylori

infected humans for many thousands

being predominantly

sets of

or geographic

regions, such as East Asia and Western Europe [159,160].

having chronically

pattern of

from those of nearly all other independent

MultiLocus Sequence Typing, MLST) have shown that different
genotypes predominate

primed

of years, with

within families or local communities.

pattern allows considerable

random genetic drift and

selection for locally adapted genotypes.

H. pylori's genetic diversity

further enhanced by frequent

mutation

and recombination

strains during mixed infection

[301].

populations,
hpAfrical,
importance

designated

between

MLST of seven housekeeping

from strains from many parts of the world had identified

is

genes

seven H. pylori

hpEurope, hpEastAsia, hpAsia2, hpSahul,

hpAfrica2 and hpNEAfrica [159,160,208].

Of particular

to the analyses of Gambian H. pylori strains presented here,

MLST analyses readily distinguished
and hpAfrica2)

African strains (hpAfrical,

hpNEAfrica

from those of Europe and Asia and further subdivided
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hpAfrical

strains into two subpopulations:

hspSAfrica (South),

the former also found in South Africa at low

frequency. The distribution
populations

hspWAfrica (West) and

of hspWAfrica,

hspSAfrica and hpNEAfrica

may reflect the expansion of the Bantu people throughout

African continent

over the last 4000 years from an ancestral homeland in

or near present day Nigeria. The Bantu migrations

from Central West

Africa (present day Cameroon/Nigeria)

the hpAfrical

population

the

structured

into West African and South African subpopulations.

In

contrast to that, hpNEAfrica has mainly been isolated from Nilo-Saharan
speakers.

The great majority

of present Gambians come from indigenous West

Africans, and of the predominant

Mandinka, Wollof and Fulani linguistic

groups, which are also abundant

in nearby countries

of Senegal, Guinea

Bissau, Guinea Conakry and Mali. Most Gambians are Muslims, reflecting
conversion of the resident population

by Arab traders who began crossing

the Sahara from North East Africa in the ath century.
of H. pylori's populations
noteworthy

Given the tendency

to track with human host population,

it is also

that for several centuries, The Gambia was also a major

SOurce of slaves taken to The Americas and also to Europe until the slave
trade was abolished in la07.

This story implies that Gambian H. pylori

strains may well have contributed

significantly

to H. pylori's gene pool in

The Americas and perhaps Europe as well. Indeed, a suggestion
Africa!'" admixture

of West

in European H. pylori had emerged in our early study of
123

a novel regulatory gene-linked insertion-deletion

polymorphism

(indel) in

Spanish vs. Gambian H. pylori strains [302].

It is with this background that we carried out MLST of H. pylori strains
from ethnic African adults and children in The Gambia. This H. pylori
population is likely to be broadly representative

of strains throughout

much of West Africa, a relatively unstudied population, and as noted a
contributor to the H. pylori gene pool in Europe and The America.

6.2 Patients
The patients selected for this study belonged to the following ethnic
groups: Mandinka (19), Wollof (11), Jola (6), Fulani (5), Sarahule (4)
Serere (1).

6.3 Sample choice for MLST
Samples were chosen simply according to successful subculture of
individual H. pylori colonies. One or more single colonies were isolated
from each of 44 patients and used for these analyses (figure 3.1). The 44
Patients (23 male and 21 female) ranged in age from 18 months to 72
years (mean 32 years) and had the following clinical manifestations:
gastritis (23), normal gastric endoscopic appearances (6), gastric erosions
(6), gastric ulcer (3), and oesophageal ulcer (1). Five of these patients
Were from malnourished children with enteropathy

(ages 18-31 months,

mean 19 months). Thirty three patients (75%) were from the Greater
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Banjul (urban) Area (GBA) and 11 (25%) were from rural villages:

[(LRR

(6), WCr (4), NBR (1)].

To look for genetic heterogeneity

in the same stomach, several single

colonies from each of two patients were tested by MLST. From one
subject (14 years of age) with normal gastroduodenal

tract appearance

by

endoscopy, seven colonies were analysed (4 antrum and 3 body). From
the other subject (72 years of age), also with normal gastroduodenal
appearance by endoscopy,
sub-cultured

tract

11 single colonies (6 antrum and 5 body) were

and analysed.

6.4 Results
6.4.1 Allelic frequency and nucleotide analyses

DNAs from H. pylori strains from 44 Gambians (one strain/patient
cases; three strains/patient

in 43

in one case) yielded 42 unique MLST

sequence types based on concatenated

DNA sequences of seven house-

keeping gene loci. There were four pairs of strains that yielded identical
MLSTs. The two members of each pair were also identical by RAPD and
Virulent gene profiles (figure 6.1 and table 6.1). One pair was from
consecutive

unrelated

patients, whose biopsy samples were taken on the

same day. The other three pairs were from patients who had their biopsy
samples taken between a week and two years apart.
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Figure 6.1: RAPD profiles of samples with same MLST type
RAPD profiles
MAAB.BCCDDP

M=100bp DNA ladder, P= 1kb DNA ladder.
Paired letters indicate RAPD types of patients
with same MLST type

Table 6.1 Virulent genes of samples with same MLST types and
RAPD profile
Lab
number
Hp42
Hpl12
Hp71
Hp72
Hp250Ap
Hp252Bp
Hp268Bi
Hp260AFi

cagA

Empty m1
site

+
+

-

-

+
+
-

+
+
+
+

-

-

-

m2

sls2

+
+

-

-

+
+

+
+
+
+

-

1
1
2
2
1
1
1
1

-

-

-

MLST
type
2034
2034
2035
2035
2062
2062
2040
2040

RAPD
types
A
A
B
B

C
C
D
D

6.4.2 Allelic frequency
These exceptions aside, most alleles from the 46 strains occurred only
once, although identical alleles were found in between 11 to 16 of the
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strains, depending on the gene. Except for the four pairs of strains noted
above, which were identical at all loci, no other pair of strains identical at
one locus was identical at another of the seven loci tested (table 6.2).
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Table 6.2 Alleles and sequence types of H. pylori isolates
House- keepin Q genes and allele t ,pe
Sample atpa
efp
muty
p]!a
trpc
urel
1*
1810
1703
1774
1761
1852
1891
2*
1810
1774'
1703
1761
1852
1891
3*
1811
1656
1823
1762
1853
1892
4*
1811
1656
1823
1762
1853
1892
5
1812
1704
1824
1763
1854
1893
6
1813
1705
1825
1764
1855
1894
7
1814
1706
1826
1765
1856
1895
8
1815
1708
1828
1767
1858
1897
9*
1815
1729
1848
1774
1877
1919
10*
1815
1729
1848
1774
1877
1919
11
1816
1709
1829
1768
1859
1898
12
1817
1710
1830
1769
1860
1899
13
1818
1711
1831
1770
1861
1900
14
1818
1728
1847
1788
1876
1918
15
1819
1712
1832
1771
1862
1901
16
1820
1713
1833
1772
1863
1902
17
1820
1723
1774
1800
1888
211
18
1821
1714
1834
1773
1864
1903
19
1822
1715
1835
1774
1865
1904
20
1823
1716
1836
1775
1865
1905
21
1824
1717
1774
1776
1866
1906
22
1825
1703
1837
1777
1867
1907
23
1826
1718
1838
1778
1868
1908
24
1827
1719
1839
1779
1869
1909
25
1828
1720
1840
1780
1870
1910
26
1829
1721
1841
1781
1871
1911
27
1830
1722
1842
1782
1872
1912
28
1831
1723
1774
1783
229
1913
29
1832
1724
1843
1784
1873
1914
30
1832
1732
1850
1791
1880
199
31
1833
1725
1844
1785
1860
1915
32*
1834
1726
1845
1786
1874
1916
33*
1834
1726
1845
1786
1874
i-.
1916
34
1835
1727
1846
1787
1875
i-.
1917
35
1836
1730
1849
1789
1878
1912
36
1837
1731
1846
1790
1879
1920
37
1838
1733
1851
368
1881
1921
38
1839
1734
1852
1793
1881
1922
39
1840
1700
1853
1794
1882
1923
40
1841
1736
1854
1795
1924
1883
41
1842
i1737
1855
1796
1884
1925
42
1843
1738
i1846
1797
1885
1892
..._ 43
1844
1739
1856
1780
1870
1926
44
1845
1740
1823
1798
1886
1910
45
1846
1741
1857
1799
1887
1927
46
1847
1707
1827
1766
1857
1896
"*lndlcates four pairs of samples with identical MLST types

-
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yphC
1887
1887
1888
1888
1889
1890
1891
1893
1915
1915
1894
1895
1896
1914
1897
1898
1898
1899
1900
1901
1902
1903
1904
1905
1906
1907
1908
1909
1910
1918
1911
1912
1912
1913
1916
1917
1898
1919
1920
1921
1922
1923
1924
1925
1926
1892

MLST type
2034
2034
2035
2035
2036
2037
2038
2039
2040
2040
2041
2042
2043
2044
2045
2046
2047
2048
2049
2050
2051
2052
2053
2054
2055
2056
2057
2058
2059
2060
2061
2062
2062
2063
2064
2065
2066
2067
2068
2069
2070
2071
2072
2073
2074
2075

The gene trpC had most samples with identical alleles (16) but allele 1774
of mutY was most frequent with 5 occurrences (10.90/0, table 6.3). No
deletions or insertions were found in this data set for all the analysed
hosekeeping gene fragments.

Table 6.3 Frequency of alleles
Gene

atpa

efp

mutY

ppa

trpC

ureJ

yphC

allele

Frequency

1810
1811
1815
1818
1820
1832
1834
1656
1703
1723
1726
1729
1774
1823
1845
1846
1848
1761
1762
1774
1780
1786
1852
1853
1860
1865
1870
1874
1877
1881
1891
1892
1910
1912
1916
1919
1887
1888
1898
1912
1915

2
2
3
2
2
2
2
2
3
2
2
2
5
3
2
3
2
2
2
3
2
2
2
2
2
2
2
2
2
2
2
3
2
2
2
2
2
2
3
2
2
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0/0

4.3
4.3
6.5
4.3
4.3
4.3
4.3
4.3
6.5
4.3
4.3
4.3
10.9
6.5
4.3
6.5
4.3
4.3
4.3
6.5
4.3
4.3
4.3
4.3
4.3
4.3
4.3
4.3
4.3
4.3
4.3
6.5
4.3
4.3
4.3
4.3
4.3
4.3
6.5
4.3
4.3

6.4.3 Analyses of selection
Mutation by nucleotide substitution

in the coding region may result in no

change in protein sequence (synonymous)
synonymous).

or an amino acid change (non-

Estimating the diversity between Gambian isolates, we

used the average number of synonymous and non-synonymous

changes

per site (ds, dn) of the 7 loci (table 6.4). The ratio of these two types in a
population reflects genetic drift and selection operating on individual
genes. Since all dn/ds, values were close to zero; this indicates a high
degree of selection to maintain amino acid sequence and function of the
encoded protein. This is as expected for genes whose encoded proteins
act within bacterial cells and provide important

housekeeping functions.

The most diverse gene was trpC (mean nucleotide level diversity 4.6%)
and the least diverse was ureI (1.20/0, table 6.4).

Table 6.4 Diversity between Gambian isolates
Locus
atpA
efp
mutY
ppa
trpC
ureI
yphC
overall

dn
0.0006
0.0005
0.0098
0.0116
0.0187
0.0052
0.0092
0.0079

ds

dn/ds
0.006
0.0046
0.0536
0.2761
0.1238
0.1428
0.0995
0.1009

0.1009
0.1059
0.1822
0.042
0.1513
0.0365
0.0924
0.1016

Diversity
(0/0)
2.3
2.2
4.5
2.1
4.6
1.2
3.4
2.9

ds and dn: the average number of synonymous substitutions per synonymous
site and non-synonymous substitutions per non-synonymous site, respectively.
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6.4.4 Phylogenetic analysis
A phylogenetic
housekeeping

tree formed using concatenated

sequences of the seven

genes we used for MLST (figure 6.2) reflects a mean

nucleotide level diversity

of 2.9% (table 6.4).
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Figure 6.2 Evolutionary relationships of H. pylori strains from The
Gambia
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The evolutionary history was inferred for 46 nucleotide sequences using
the Neighbor-Joining method. The analyses were conducted in MEGAS.
The five strains from young children are identified with green balls.
There was one subject with three different MLST types shown in red
squares.
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There was no evidence of association of particular clusters of strains in
this tree (clades) with variables such as age of participant at time of
endoscopy, endoscopic diagnosis, sex, tribe or district of residence within
the Gambia (figures 6.3-6.6).

However, cagA+ strains seemed to cluster

separately from cagA- (figures 6.7 and 6.8).
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Figure 6.3 Distribution of diseases vs MLST types
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Distribution of diseases was inferred for 46 nucleotide sequences using
the Neighbor-Joining method. The analyses were conducted in MEGAS.
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Figure 6.4 Distribution of sex vs MLST types
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Distribution of sexes was inferred for 46 nucleotide sequences using the
Neighbor-Joining method. The analyses were conducted in MEGAS.
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Figure 6.5 Ethnicity and MLST types
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Ethnicity was inferred for 46 nucleotide sequences using the NeighborJoining method. The analyses were conducted in MEGAS.
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Figure 6.6 Place of residence in The Gambia vs MLST types
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Place of residence was inferred for 46 nucleotide sequences using the
Neighbor-Joining method. The analyses were conducted in MEGA5.
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Figure 6.7 cagA distribution of strains
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Neighbor-Joining method. The analyses were conducted in MEGAS.
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together in the bootstrap test (2000 replicates) are shown next to the
branches.
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6.4.5 Cluster analysis of strains from other countries
The Gambian strain data were compared with data from H. pylori strains
selected randomly from other informative

human populations

(African,

European and Asian, table 6.5) using neighbor joining and cluster analysis
with both the admixture

and no-admixture

models of STRUCTURE.

Table 6.5 Selected H. pylori populations from MLST data base
Country

hpAfrica1

hpNEAfrica

hpEurope

hpEAsia

hpAfrica2

hpSahul

hpAsia2

Burkina Faso
Senegal
Nigeria
Algeria
Egypt

11

a
a
8
1
a

a
a
8
a
a
a
a
a
a
a
a

a
2
a
a
a
a
a
a
a
a
a
a

a
a
a
2
3
a
2
a
33
a
a
9
11
a
a
a
a
a

a
a
a
a
a
a
a
a
a
a
24
a
a
a
a
a
a
a

a
a
a
a
a
a
a
a
a
16
a
a
a
a
a
a
a
a

a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a

a
a
a
a
a
a
a
a
a
a
a
a
a
1
1
3
4
a

a
a
3a

a
a
18

a
a
6a

a
a
24

a
a
16

5

Ethiopia
Morocco
Somalia
Spain
South Africa
Japan
Finland
Estonia
Kazakhstan
I-Malaysia
Philippines
Thailand
Papua
~ewGuinea
Australia
Netherlands
Jotal

5
a
1
a
a

5

7

7

a
12

a
1
la

The Gambian H. pylori strains were closely related to but not intermingled
With 14 strains from Burkina Faso, about 1600Km to the East of the
Gambia, and also to the five available isolates from Senegal which
borders The Gambia in all but its ocean side (figures 6.8 and 6.9).
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Figure 6.8 Evolutionary relationship of global strains showing
country of origin
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The Neighbor Joining tree was calculated from concatenated sequences of
seven housekeeping genes (3406 bp) from 128 isolates of H. pylori
downloaded from mist website (Http://pubmlst.orq/Helicobacter)
plus 46
isolates from this study. The strains were colour-coded according to
country of origins.
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Figure 6.9 Evolutionary relationship of global strains showing
population
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seven housekeeping genes (3406 bp) from 128 isolates of H. pylori
downloaded from mist website (Http://pubmlst.org/Helicobacter)
plus 46
isolates from this study. The strains were colour-coded according to
Populations.
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With the no-admixture

model, almost all Gambian isolates formed a

homogeneous group that belonqed to hpAfrica 1 (figure 6.10A) essentially
with no traces of European or North African ancestry despite Gambia's
history of invasion and colonisation by peoples from these regions during
the last millennium. With the admixture model, the proportion of other
ancestral nucleotides in Gambian strains was lower than the hpAfrica1
group (hspWAfrica and hspSAfrica, figure 6.10B). Most Gambian strains
Were clearly distinct from (although related to) strains of the hspSAfrica
and hpNEAfrica populations (figures 6.10A and 6.10B) and also to other
hspWAfrica strains from North Africa (figure 6.10B). We only found one
isolate with significant evidence of European ancestry in a 57 year old
female (figure 6.10B).

Figure 6.10 No-admixture model (6.10A) and admixture model
(6.10B) of Gambian isolates compared with previously assigned
populations.

A
Noadmixture
model; k==4

B
Admixture
model; k==4

~igure 6.10A: Noadmixture model of seven populations and Gambian isolates. Each
Isolate is represented by a thin line that is colour coded according to the population
assignment.
Figure 6.10B: Admixture model of seven assigned popultions and Gambian isolates.
Each isolate is represeneted by a thin line that indicates the estimated amount of
ancestry from each of the seven ancestral populations.
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Further STRUCTUREanalysis of Gambian with hspWAfrica and hspSAfrican
strains showed that with the admixture model, Gambian strains were
closely related to hspWAfri,ca and less closely related to strains from more
distant African regions (figure 6.11).

Figure 6.11 Admixture model of Gambian isolates compared with
hspWAfrica and hspSAfrica.

Admixture model of Gambian isolates compared with previously assigned populations
(hspWAfrica and hspSAfrica). Each line represents an isolate colour coded according to
the assigned populations and indicates the estimated amount of ancestry from each of
the known ancestral populations.

6.4.6 Phenotypic Heterogeneity of H. pylori in a single host
Colonies that differed markedly in morphology were seen among H. pylori
cultured from two persons, and were used to test for DNA level
heterogeneity of H. pylori in individual hosts, perhaps equivalent to that
seen previously in a European with a mixed cagA+ and cagA- [186]. From
one person (14 years) with normal gastroduodenal tract appearance by
endoscopy, 7 colonies were analysed (4 antrum, 3 body). From the other
perS'on (72 years), also with normal gastroduodenal tract by endoscopy,
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11 single colonies were sub-cultured and analysed (6 antrum and 5
body). Three different RAPD profiles and MLST types were identified
among the seven isolates from the 14 year old, represented by MLST
types 2040 from antrum, and 2047 and 2064 from body; figure 6.11)
which were different in all seven gene loci tested. The four colonies from
the antrum were identical to one another and different from the two MLST
types found among three colonies from the body. In the second patient
(72 years), all colonies 6 antrum and 5 body were identical to one
another. Similar RAPD results were observed with both primers (1254 and
1283; figure 6.12). However, the different colony morphologies that first
encouraged analysis of multiple isolates from these two patients did not
correspond to different MLST types.
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Figure 6.12 RAPD-PCR profiles (primer 1254) of strains isolated
from two individuals.
M
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M= molecular markers (100bp); P = molecular marker (lkb);
Lanes 1 - 7 = strains from 14 year old (1-4 from antrum, 5-7 from body);
lanes 8-18 from 72 year old (8-13) from antrum, (14-18) from body.

6.5 Discussion
Most detailed studies and analyses of H. pylori populations
used strains from non-African

countries,

events in Africa for the emergence

to date have

despite the great importance

and evolution

of

of humans, and of

diverse infective agents, probably including H. pylori. Here we used MLST
to analyse strains from The Gambia, the most detailed study to date of an
H. pylori population

from West Africa. These Gambian strains exhibited

the high degree of nucleotide

sequence diversity
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described in other

groups of isolates from defined geographic
no obvious clustering

regions strains [181,303]

of MLST types in particular

with

age or disease groups.

We have shown that the strains of H. pylori found amongst Gambian
residents are typical of hpAfrica1, and their inclusion within this
population allowed us to define and describe the population
precision. Comparison

with more

with the handful of sequences available from

Burkina Faso, which is inland and to the East of The Gambia, suggests
some geographic

differentiation

even within West Africa. This divergence

could be due to isolation by geographic
differences and/or human population

distance and/or linguistic or ethnic

history, each of which could foster

random genetic drift and selection for locally adapted lineages.
STRUCTURE analysis indicated that the contribution
from other populations

to strains circulating

of ancestral strains

in The Gambia was < 10/0.

Gambian strains were closely related to each other and form part of the
hspWAfrica subpopulation

of strains (figures 6.10). The high "purity"

Gambian H. pylori despite the country's
Africans and Europeans throughout

significant

[210]:

exposure to North

its history, contrasts

Patterns found in strains from Amerindian

of

interestingly

with

and Mestizo Latin Americans

many of these Latin American strains seem to be mosaic, with

significant

and complex European, African and/or Amerind ancestries

[95,210].

Different H. pylori populations
neighbouring

were also not observed in strains from

Senegal or from Burkina Faso. This contrasts with H. pylori
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diverse populations

found in rural South Africa [89]. A set of Northern

Nigerian strains were hpNEAfrica [160]. Although
expected, it is not surprising

not necessarily

as these strains were isolated from Borno

state in Northern Nigeria, which is populated

by the Kanuri people who

Were pastoral berbers with roots in Yemen, migrating
North Africa during twelfth century.

and settling in

During the height of the trans-

Saharan trade, the Kanuris moved south via Libya before settling in the
Lake Chad region including Borno [304].

6.5.1 Identical MLST types
Four pairs of strains of identical MLST types were found in this study. One
pair of was from consecutive

unrelated

patients, who had biopsies taken

on the same day. However, we think that this occurrence is not likely to
be due to cross contamination
the laboratory

during endoscopy or sample processing in

as standard endoscopy procedures

(SOP-CLS-001)

were

fOllowed; using clean endoscopes sterilized with Cidex (Johnson and
Johnson Co) and rinsed with clean water between cases, according to
standard care at MRC Unit, The Gambia.

The other three pairs were from people who had their biopsies taken a
Week to two years apart and also processed in the laboratory

on different

dates. No strain pairs with identical MLSTs were from persons from the
same village or with same family names. Further study will be needed to
learn if the people carrying these matched strains had ever lived in the
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same extended family compound, village or district, or had some other
connection, vs. if such identical MLST types reflect some other factor such
as The Gambia's small size and easy hospitality to strangers.
Given the lack of obvious connection between these paired strains,
genome-wide analyses of their patterns of micro-sequence divergence vs.
conservation could also be highly informative.

6.5.2 Heterogeneity of H pylori strains within one stomach
In two patients tested for possible heterogeneity,

all colonies from one

patient were identical by MLST whilst the other had three distinct MLST
types consistent with other findings

[89,101,186].

The sequence types of

these three strains were different in all seven of the gene loci scored,
thereby suggesting intriguing co-infection among unrelated strains

[253,277].

6.6 Conclusion
This study indicated that Gambian H. pylori are not particularly

clonal, in

accord with patterns seen in other non-African populations. Since the
MLST types of the strains obtained from young children were intermingled
with those of adults, we suggest that there may not be any special strain
type uniquely able to initiate infection in naive infant stomachs. We also
note that our strains from the far Western part of Africa showed more
genetic similarity with strains from Senegal and Burkina Faso than from
elsewhere, reflecting again geographic partitioning
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of H. pylori. The

relative paucity of admixture of DNA sequences of European and North
African origin in Gambian H. pylori strains in contrast to that seen in Latin
American populations, despite the historical importance of foreigners in
The Gambia suggests to us that hspWAfrica H. pylori strains might be as
or more fit than their European and North African competitors. If correct
this inference would have implications for H. pylori colonisation and
disease in the African diaspora-among people with African ancestry
minorities in the Americas and Europe, as well as zones of contact
between northern and sub-Saharan peoples in the African continent. The
strain collection and database generated in this study should be useful for
further examination of issues such as strain virulence which normally
would spread to colonise new areas with the African diaspora or host
genetics with the colonising strain staying more or less in those of African
descent.
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Chapter 7 Antimicrobial susceptibility and resistance patterns
among Helicobacter pylori strains from The Gambia, West Africa
7.1 Introduction
Helicobacter pylori chronically infects most people in developing countries
[102,305],

typically starting in infancy [19,102,103]

and lasting for life. It

also remains a significant pathogen in industrialized countries, infecting
some 10-40% of adults in many societies. Chronic H. pylori infection is a
major cause of gastric (stomach) and duodenal ulcers and gastric cancer
[69,71,73].

It also increases the risk of infection by other gastrointestinal

pathogens, iron deficiency anaemia, and infant malnutrition
faltering, especially among the very poor [141,251].

and growth

These latter

conditions are of particular concern in The Gambia, a small developing
country on the West Coast of Africa. Fortunately many H. pyloriassociated illnesses can be prevented or cured by timely eradication of
the bacterium, which typically entails one-two weeks treatment variously
with metronidazole (Mtz), amoxicillin (Amo), clarithromycin

(Cia), when

affordable, and/or tetracycline (Tet), in combination with a proton pump
inhibitor such as omeprazole, and/or bismuth where allowed by local
regulations [215]. H. pylori transmission tends to be highly localized and
preferentially

intrafamilial

[89,101] in industrialized societies, and often

also between households in the local community in developing country
settings [306]. Given relatively localized transmission, successful
eradication from many members of a household or community might
markedly diminish the risk of new infections, especially of newborns, and
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thereby contribute importantly

to public health.

Resistance to useful antimicrobials,

especially Mtz and Cia, has been a

major problem in some societies, even among people not previously
treated for their H. pylori infections. Such resistance is generally
to inadvertent H. pylori exposure during treatment

attributable

for other

conditions [226]. Mtz itself is an innocuous pro-drug that is activated by
chemical reduction to hydroxylamine

type compounds, which are

bactericidal to H. pylori [225]. In the strains studied to date, mostly from
industrialized

societies, a modest level of Mtz resistance (e.g. to 8 or

161-1gMtz/ml) was usually associated with inactivation
which encodes a non-essential oxygen-insensitive

of the gene rdxA,

NAPDH nitroreductase

that chemically reduces Mtz in vitro [222]. Higher level resistance in rdxA
mutant strains, e.g. to 321-1gMtz/ml and above, resulted from inactivation
of frxA, a related but generally less strongly transcribed nitroreductase
gene; yet higher level resistance can result from mutations in any of
several additional genes that likely also affect intracellular
[222-224].

The hydroxylamine-type

redox potential

derivatives of Mtz that RdxA protein

generates are mutagenic, such that exposure to sub-lethal Mtz
concentrations

[225] induces as well as selects for mutations to Mtz

resistance.

No commonly used anti-H. pylori drugs other than Mtz are known to
require activation to render them bactericidal, nor to be so highly
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mutagenic. Additionally, the several resistances to these other drugs
identified to date involve specific mutational changes that alter the
target's function. In particular, resistance to the related macrolides
erythromycin

(Ery) and clarithromycin

(Cia), which are used in anti-H.

pylori therapy, is usually achieved by point mutations at either of two
adjacent sites in 235 rRNA [230,307]

that diminish macrolide binding to

the ribosome. Cia resistance seems to be rare in many societies, but
common (more than one-fourth of strains) in others [216,308].

The

observed prevalence probably reflects a combination of the very few rRNA
sites in which sequence changes can confer resistance and are not too
deleterious for the bacterium, a need to incorporate any resistance
mutation in both 235 rRNA genes to achieve a resistance phenotype, and
the intensity of macrolide use for other infections and thereby inadvertent
exposure of resident H. pylori strains.

Tet resistance is much rarer than Mtz or Cia resistance [233,236],
although several bona fide resistant strains have been identified and
analyzed. In the best described case, modest resistance resulted from
three contiguous changes in the Tet binding pocket in 165 rRNA (positions
965-967)

[236,237].

Lower level resistance was achieved by mutation at

one or two of these positions and/or by mutations in genes in other
chromosomal locations that have not yet been identified, but are
suspected to affect bacterial permeability or efflux [236]. Amo resistance
is also very rare, but where found has been ascribed to mutation in a
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penicillin-binding

protein involved in cell wall metabolism [235,309-312].

The present study of drug susceptibility

and resistance in Gambian H.

pylori strains was motivated in part by considering that H. pylori is a
genetically very diverse species, with different genotypes predominating
in different well separated geographic regions, even in different parts of
Africa [160]; and that most studies of drug susceptibility and resistance
have focused on strains from Europe, The Americas, or Asia. As with
many infection-related
antimicrobial

topics, there have been far fewer critical studies of

resistance and susceptibility

of H. pylori strains from Africa,

especially those from West Africa - the ancestral home of most people of
African ethnicity in The Americas. Given H. pylori transmission
preferentially

within families and local communities [89,101,306],

West

African strains may well have contributed to H. pylori gene pools in The
Americas.

Bearing in mind H. pylori's

impact on public health worldwide, The

Gambia included, and the distinctiveness of African strains, here we
assessed the frequencies of resistance to Amo, Cia, Ery, Mtz and Tet in a
set of 64 strains from Gambian citizens. We tested the importance of rdxA
status for Mtz susceptibility

and resistance by transformation

sequence analysis, and interpreted

and DNA

amino acid sequence differences in

RdxA protein in terms of its recently determined structure [313]. We also
tested by DNA sequencing whether 165 rRNA gene mutations could be
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responsible for the very few Tet resistant isolates found as minority
components of mixed H. pylori populations from several patient biopsies.

7.3 Results
7.3.1 Metronidazole susceptibility and resistance
Of the 64 strains tested for Mtz susceptibility,

20 (31.20/0) were sensitive

(single cells unable to form colonies) on media with Mtz at 8J.1g/mland 44
(68.80/0) were resistant. All six strains from young children (18-31
months) were sensitive to this modest level of Mtz, whereas only 14
(24%) of 58 strains from adults were sensitive (P=0.0031;

table 7.1).

Table 7.1 Minimum Inhibitory Concentration (MIC) for Mtz against
H. pylori isolated from males vs females
Range of MIC for Mtz (lJg/ml)
Aqe croup
Adult
Infant

Sex
Male
Female
Male
Female

Total

<8
8
6
4
2
20

8
2
1
0
0
3

16
8
5
0
0
13

32
12
14
0
0
26

64
1
1
0
0
2

128
0
0
0
0
0

Total
31
27
4
2
64

The prevalence of Mtz resistance in males vs. females was 66% vs. 720/0
respectively but the difference was not statistically
table 7.1 and figure 7.1).
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different (P > 0.05;

Figure 7.1 Prevalence of antibiotic resistant isolates in males and
females
80

70
.Male
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10

o
MtzR

MtzS

Antibiotic

All but three of the 44 strains that were resistant to 8j.Jg Mtz/ml also grew
well on medium with 16j.JgMtz/ml. Additionally,

28 of these strains also

grew on medium with 32j.Jgof Mtz/ml; and two of the 28 grew on medium
with 64j.Jg Mtz/ml. None of our 44 strains grew on medium with 128j.Jg
Mtz/ml (figure 7.2).
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Figure 7.2 Number of isolates growing on metronidazole medium
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The numbers of isolates that formed colonies on different levels of metronidazole
medium were determined and graphed.

In further

tests of strains that did not grow with 8~g Mtz/ml, two of the

six from infants (18-31 months),

and two of fourteen

representative

strains from adults grew on medium with only 4~g of Mtz/ml.

7.3.1.1 rdxA (nitroreductase) gene analysis
A transformation
metabolically

test was used to learn if MtzS strains were distinct

from most susceptible

than just rdxA-inactivation

reference strains, in requiring

to achieve Mtz resistance

Mtz sensitive strains were transformed
derivative

[222-224].

more
Eleven

with genomic DNA from a

of strain 26695 whose rdxA gene had been replaced with a

chloramphenicol-resistant

(Cam") cassette (IlrdxA-cat).
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Each of the 10-20

earn"

transformant colonies tested from each of the 11 strain

transformations grew well on agar with 8IJg Mtz/ml. This outcome
indicates that most or all MtzS Gambian H. pylori strains are just one
mutational (rdxA inactivation) step away from becoming resistant. In a
converse experiment, we tested if mutation in rdxA was important for the
resistance of MtzRGambian strains. This entailed transforming 12
representative MtzRstrains with genomic DNA from an H. pylori strain
containing a kanamycin-resistant

(Kan") cassette inserted next to a

R
functional rdxA gene. We expected that a fraction of Kan transformants
would acquire the donor strain's rdxA+ (functional) allele [314], even
though most might retain the recipient rdxA mutant allele because H.
pylori transformation tends to involve mostly short DNA fragments [315].
At least two of the 20-30 KanRtransformants scored from each of 12 MtzR
recipient strains were found to be MtzS on agar with 8IJg Mtz/ml, even
though most KanRtransformants remained MtzR. We infer that these few
KanR MtzS transformants had gained the donor's functional rdxA allele,
S

and thereby conclude that rdxA inactivation is needed for most or all Mtz
Gambian H. pylori strains if they are to become MtzR.

7.3.1.2

Sequence comparison of rdxA from MtzR and MtzS strains.

The rdxA gene was PCRamplified and sequenced from 33 MtzR (MIC
range 8-32IJg/ml) and 18 MtzS Gambian strains (MIC <8IJg/ml). Average
rdxA sequence diversities were 3.6

%

in MtzRand 3.4% MtzS strains

(overall, 3.50/0), which is within the range of diversities among Gambian
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strain housekeeping genes (range, 1.2 - 4.6%

mean, 2.9%),

and whose

protein products also act internally in these Gambian strains (observation
made during experimental work for chapter 6).

Of the 33 MtzRstrains characterized, 15 (45.50/0) contained nonsense
(translation stop) codons within the rdxA orf, including 13 of the 19
resistant to 32 ~g Mtz/ml; in contrast only two of the 14 isolates with
lower level resistance (8-16~g/ml)

contained nonsense mutations in rdxA

(p=O.004, table 7.2).
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Table 7.2 rdxA nonsense and frameshift
Strain

mutations
(base

a

!.I9/ml

Frame
shift

Mutation description
position)

Mutation (codon #, base
posltlon)"

71R

32

0

CSubstitution (523) Cor G -> T

Stop codon (175, 523)

83R

32

Insertion (576)

Stop codon (205, 613)

93R

32

+1
0

Substitution

100R

32

0

CSubstitution (523) Cor G -> T

114R

32

115R

32

0
-1

Substitution

Deletion (496)

Stop codon (167,499)

121R

16

+2

Insertion (6,7)

Stop codon (14, 40)

123R

32

+1

Insertion (23)

Stop codon (23, 67)

205R

32

+1

Insertion (595)

Stop codon (205, 613)

239R

MtzR

(415) C -> T
(19) G -> T

Stop codon (139, 415)
Stop codon (175, 523)
Stop codon (7, 19)

8

+1

Insertion (313)

Stop codon (110, 328)

244R

32

-7

Deletion x7 (179)

Stop codon (74, 220)

249R

32

+5

Insertion x5 (178)

Stop codon (64, 190)

263R

32

Insertion (193)

Stop codon (73, 217)

269R

32

+1
-1

Deletion (191)

Stop codon (76, 226)

270R

32

+1

Insertion (193)

Stop codon (74, 220)

JS114S

<8

+4

Insertion x4 (300)

Stop codon (111, 331)

JS124S

<8

+4

Insertion x4 (300)

1015

<8

-1

Deletion (86)

Stop codon (111, 331)
frameshift +4
Stop codon (33, 97)

MtzS

Not listed in this table are other MtzRstrains that contained a 3 nucleotide deletion at
codon 191, a 21 nucleotide (7 codon) deletion starting at codon 18, or the many
missense mutations that resulted in amino acid differences in the encoded protein
relative to rdxA of reference strain 26695. These amino acid replacements are shown in
figure 7.3.
b Complete RdxA protein is 210 amino acids long
c 17 isolates have a "C" and 14 "Gil at position 523 (figure 7.4)

a
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Figure 7.3 Amino acid sequences of metronidazole resistant
isolates showing "stop codons" (X)
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Multialignment of amino acids showing changes in rdxA gene of metronidazole resistant
H. pylori isolates. H. pylori 26995 whose RdxA structure was determined was chosen as
a reference strain. Multi-alignment was performed using Sea View Version 4.
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Figure 7.4 Multi-alignment
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I I IfIHfIIIItIlfH::HItIlIIIJ flCotilCIlOU:I Ht I I ",nll.ln,ftr.nlCH
II H"""fi': ... I I (",.clil IIlill
[r.IDIIIi;Cltl fllllll!1ltttllr.fI
HIIAiCIlll I II.I ..lIlIil1l lIf(fltIIl--AIIfJalIIIRJV.'llfII-4:"VIIII~]IiJ.AI~lrJil'rJAIIIIIIlIIIiIlIII",,",Ili!IllIlHIltll;cr.tIICIlIiI:r.IIAHI
Clor.t:fIfI"~Ir.I 11I1I1ICIICCtlIr.ttRII~£'H11 I ICII;nllllil Ill:fHHI _IIIJiRl
J1HIIIIIHlIA-ClIIIlIlloI.ilrotAOlCII'A:IHI IIC1lRII.iflKdlliIIIGBIIIUIIAtIT.cl ItJIIitC I 111111
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u. IU. Tmce" I I TlWlIW:tlnr.tGllGTfGT locCWlmcccnnOCnTttllllflflIC
I C- TlITCt1ltllCTt TIftl nnnGlTllGftC TGIlrCCCC1CTnc&CTtMIITGCTTGC(GlCIlGIllTCAlltcn
r.c I",mlr.t1C I I TIWlIW:CTnr.t~
1m OCtCCnrnr.ctllT rntl1TUnnnnrCTtTATctllQI(;rCllR1IlflnGI rllGftCTGIlIctCCT CI rrCtCTtflftflTr.tnGGC"GIlGIlTTCMCCn
tt T(;I; lACICI I lllflllfl(CTnccGntl I nm:C&CfITflfLCftT IACnI tCllIlflftmc· TnTtCJlGIl(iI(I I nlMIJ&l TIDGlmlCCC(T[
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OCIliOCIlllMTClt- rnTtCr.cnc-TCTI nTMIICTCIl6tOCTGIIltcCCTCT"TTCnCrCMnrGCIl'CC"GIlGAT ICMCcn
GGlGGrnn.crCTIlIlllllfltClIIGCGntlTGHlUGCACflGWlTrflCflrGCIIfIflfI((TI-TRTCl:GGIl!iTeTTRTIVIIlIiTCflGIIGTGII1C(CCTCllTfliCrCMflTr.tnGr.tGTGIlIiIlH[fIfl(Cn
GGIG£","lGCICfIlIIIVIIICCTAGCGlICl fliHnetcCllTlllltCI1T TIICfITCCJ1MOCCrC
- rnlCUGnGlCT1IITIVIIIGrellGllG1GIITCCCCTC mCGCTCnOOlGClTCGCGTMGllTrClVlCCft
GGTllGrnlGCTCfIlMlll:C1nCCGIIG1TGTTflCCGCllffHiCcnTTocnrnrIllVlllCCTC-TnTCCOOOO1CTTftTMnGTtIlliGGTrollrccCCTcmCGCTcnnnrGCTTGGCcr1illGflTTCmCCn
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TClIIIIlTr.tmCCGTCIlGIlTlCflfltco
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18J. CAIiCRTliClIfItlflfll TIIGfIIIIGCTATftI TTT6GIIUCIIATIiClftTftTCIiCT~T66(jfitIlRATlI6CftTG66tli llilHiCI lI11116fNllTTfJ6ll1 ,lHill6tfll Tftl TliGftliGTTlCIifIIC( TI TAnnRlilliGfit
DU ,,,(;Conium
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Multialignment of nucleotides showing changes in rdxA gene of metronidazole
resistant H. pylori isolates. H, pylori 26995 whose RdxA structure was
determined was chosen as a reference strain. Multi-alignment was performed
using Multiple sequence alignment with hierarchical clustering [316]
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This difference in distribution

is in accord with nonsense mutations

causing protein truncation and thus, complete loss of RdxA function.
Some missense mutations diminish but do not entirely eliminate an
encoded protein's activity, and thus would confer only leaky phenotypes
(lower level Mtz resistance in the case of rdxA), whereas many others
would be well tolerated and have little if any effect on activity of the
encoded protein.

Three of 33 MtzR (9.00/0) strains had insertions of one or two nucleotide
and thereby rdxA frameshift

mutations, which would result in new amino

acid sequences distal to the mutant site and thereby loss of rdxA function.
In addition, two strains contained in-frame deletions of three and 21
nucleotides, which do not cause changes in RdxA protein sequences distal
to the mutant sites (table 7.3).
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Table 7.3 Identification of proteins with frame shifting mutations
or with large in frame deletions of MtzR strains (excluding those
already detected as non functional in table 7.2)
Lab
No

MIC
J,lg/ml

99R

264R

231R

122R

117R

16

16

8

32

16

Mutation
description
1 nucleotide
insertion at
nucleotide 201
1 nucleotide
insertion at
nucleotide 607
2 nucleotides
insertion at
nucleotide 586
3 nucleotide
deletion at
nucleotide 580 (in
frame)
large in frame
deletion (1
nucleotide, 7
codon deletion)

Mutational effect
Loss of function not reflected in
translated sequence
Massive mutation from residue 199.
Probable loss of FMN binding
capacity
Massive mutation from residue 192.
Loss of FMN binding capacity
Massive structural mutation due to
loss of residue 191. Loss of FMN
binding capacity
Protein residues 18-24 missing.
Not compatible with proper folding

Thirteen of 33 (39%) MtzR strains had neither translation
mutations

stop nor indel

in rdxA, but their rdxA alleles differed from those in MtzS

strains by numerous substitutions

(table 7.4).
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Table 7.5 Mutations found in only MtzR or MtzS isolates
Number of
occurrences

1

Mutations
only in MtzS
isolates
S30G

S43L

2

T31A

1

P44L

2

A67V

2

A80I

1

A68V

1

A80T

1

Q197R

1

C87Y

1

H97T

1

E133K

1

E194K

1

S158R

1

G163D

2

G170S

1

G189C

1

D205A

1

A206T

1

Mutations
only in MtzR
isolates
H25R

Number of
occurrences

2

The basis of Mtz resistance in two strains (127R and 104R, MIC
32I-lg/ml) is not clear from RdxA structure considerations. Their 210
residue RdxA proteins differ at many positions (6, 133, 170 and 194;
figure 7.5) from the RdxA protein whose structure was determined
(Hp0954 of reference strain 26695).
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Figure 7.5 Multi-alignment of strains 104R and 127R
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Multialignment of amino acids showing changes in rdxA gene of 104 and 127
metronidazole resistant H. pylori isolates. H. pylori 26995 whose RdxA structure was
determined was chosen as a reference strain. Multi-alignment was performed using
Multiple sequence alignment with hierarchical clustering [316].

However, all the differences present in strain 127R (D59N, R90K,
G98S, R131 K, V172I, A183V, Q197K, V204I) and most (Q6H, D59N,
R90K, G98S, R131K, E133K, G170S, V172I, E175Q, A183V, E194K,
Q197K, V204I) in 104R were also present in many other resistant and
susceptible strains and thus may not perturb function (table 7.4). We
interpret that most of those differences simply reflected neutral
mutations in accord with H. pylori's great genetic diversity. None of
the three mutations that are specific to 104R (E133K, G170S, and
E194K) is expected to affect RdxA function because they appeared on
the protein surface far from the FMN binding site. Thus, why strains
127R and 104R were resistant is not obvious: possibly their particular
combinations of changes in RdxA diminished function (conferred
resistance); or these strains might have polar mutations in the
upstream DNA that was not sequenced.
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Among the 18 rdxA sequences from MtzS strains, three (17%) had
internal stop codons (table 7.2) and three others had point mutations
that also might lead to rdxA inactivation:

R16H (in one strain) because

it should decrease RdxA affinity for FMN's negatively charged
phosphate; and A67V (in two strains), because it entails replacement
of small alanine by bulky valine in the protein core, although direct
tests will be needed to learn how severely this replacement affects
protein stability and function. If these mutations do indeed cause rdxA
inactivation,

the MtzS phenotypes might stem from high-level frxA

expression [222,224];

the possibility of nonsense suppressor mutant

tRNAs in certain strains also merits consideration. The nonsense
mutations between MtzS and MtzRstrains to 321-1gMtz/ml was
significant (p=O.002s, table 7.2), however, overall, the nonsense
mutations between MtzS and MtzRstrains was not (P=O.06S, table 7.2).

Fifteen substitutions

were found only in MtzR isolates (H2sR, S43L,

P44L,A80I,A80T,C87Y,

H97T, E133K, Sls8R,G163D,G170S,

G189C, E194K D20sA and A206T; table 7.5), which suggests that
some of them might decrease RdxA function. Conversely, five were
only found in MtzS isolates (S30G, T31A, A67V, A68V and Q197R;
table 7.5) and thus might be neutral (of these five, only A67V is
suspected of decreasing RdxA function, as noted above).
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7.3.2 Susceptibility of Gambian strains to other antibiotics.
All 64 of our Gambian H. pylori cultures grown directly from gastric
biopsies were found to be highly sensitive to the closely related
macrolides Cia and Ery. All cultures were also Tet and Amo sensitive
(table 7.6), although one and four of them contained

rare Amo and Tet

resistant cells able to grow on medium with 21-1gof Amo or Tet/rnl,
respectively

(frequencies

of 10-3-10-4).

Table 7.6 Susceptibility of Gambian H. pylori strains to .
amoxicillin, clarithromycin, erythromycin and tetracycline
Ery
Tet
Amo
Cia
MIC (!-IQ/m!)
64
64
64
64
<2
2
0
0
0
0
8*
16*
32*
64*
128*
* Strains sensitive at 2lJg/ml were not tested at higher concentrations (8128IJg/ml).

-

-

-

-

-

Further tests of one TetR colony from each of these unusual TetR
subclone-containing

cultures showed that their MICs ranged from 2-

41-1gTet/rnl and that each was indistinguishable
fingerprinting

from the predominant

by RAPD-DNA

TetS strains from the same biopsy

(figure 7.6).
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Figure 7.6 RAPD profiles of four strains with TetR colonies
M

835

83R

2495

249R

2505

250R

2525

252R

Lane M is a kb DNA ladder (Biolabs, UK), "5" = Tet
sensitive cells; "R" = Tet resistant cells

These four sets of strains were not closely related to one another, as
expected, since they came from different persons. We found that PCRamplified 165 rDNA of each TetR strain was identical in sequence to
that of its TetS sibling from the same biopsy (figure 7.7). We conclude
that in each of these four cases, Tet resistance is due to mutation in a
gene distinct from that for 165 rRNA.
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Figure 7.7 Multiple sequence alignment of tetracycline
resistant and sensitive siblings
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T TtiAllGftTTG6[TCCAI:
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7.4 Discussion
H. pylori infection contributes importantly to several human diseases

in both developing and industrialized countries, and directly impacts on
health care systems worldwide. Its public health impact is of particular
concern in developing countries because the prevalence of infection is
so very high [102,305].

Here we scored susceptibility and resistance to clinically relevant antiH. pylori agents using a test of efficiency of colony formation by single

cells. This test is especially useful for scoring susceptibility toMtz
because Mtz can be mutagenic as well as bactericidal; it both induces
and selects for resistance mutations [222,224,225].

We found that

more than two-thirds of Gambian H. pylori strains were Mtz resistant.
This high prevalence can be explained by the relative low-cost and
easy availability of Mtz in The Gambia, as is typical of developing
countries worldwide. Our results are in accord with other reports of
many Mtz resistant strains elsewhere in Africa
[109,169,221,228,317,318],

India and Latin America [21,319].

Typically somewhat less than half of H. pylori strains from Europe and
North America have been found to be MtzR [216], likely reflecting the
tighter control of Mtz usage in industrialized than in developing
countries. Our observation that all six strains from infants (18-31
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months of age) were sensitive to 8IJg of Mtz/ml, in contrast to 24% of
those from older people (~14 years) (P = 0.003) also merits further
examination,

especially on the possibility that rdxA function might

contribute to fitness during establishment

of infection.

Prior studies with other sets of strains had shown that Mtz resistance
typically involves inactivation of rdxA, which encodes a nitroreductase
that converts Mtz from prodrug to bactericidal agent by chemical
reduction. However, H. pylori strains also contain a related gene, frxA,
which also confers Mtz susceptibility
of rdxA status [222,229].

if highly expressed, independent

DNA transformation

studies performed in

this study indicated that each of 11 MtzS Gambian strains tested
required only rdxA inactivation to gain a MtzR phenotype, and
conversely, that resistance involved rdxA inactivation

in each of the 12

MtzR strains tested.

Sequence analysis of rdxA genes from study strains identified loss of
function mutations that should cause Mtz resistance similar to those
found in previous studies [222,224,320].

In particular, rdxA nonsense

(stop codon) mutations were more common in strains with moderate
level resistance (32IJg/ml) than in strains with lower level resistance
(8-16IJg/ml),

in agreement with other findings [222,224,320].
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However, three of 18 MtzS strains had rdxA-nuli

nonsense mutations

and three others had point mutations that also possibly might result in
inactive RdxA proteins. These observations are consistent with other
reports [222,224,321,322]

that rdxA inactivation

need not always lead

to Mtz resistance, and can be explained by postulating higher level
expression of the related frxA nitroreductase

gene [222,224].

We also found that most MtzR strains had mutations scattered across
the rdxA gene that are not likely to contribute to their resistant
phenotype. This is in accord with H. pylori's

well known great sequence

diversity, here seen in the rdxA gene.

Increasingly frequent Cia resistance, up to one-fourth

or more of H.

pylori strains has been reported in Europe and North America
[216,308].

High prevalence, where encountered, has been attributed

to use of macrolides to treat respiratory infections [216,323-325].

In

The Gambia, Ery is now routinely used to treat lower respiratory tract
and skin infections. However, there was no evidence of resistance to
Cia or Ery in the 64 H. pylori we tested in accord with results reported
in a nearby country (Senegal) where only 1% of isolates were resistant
to Cia [317].
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Tet and Amo are also much used. Tet, especially, is cheap and readily
available in local drug stores in The Gambia, often without
prescription.

However, its easy availability did not result in much

resistance in Gambian H. pylori strains: TetR strains were recovered
from pooled cultures from only four patients, and then only as very
rare cells in the population. This outcome is in accord with the rarity of
Tet resistance in H. pylori from other parts of the world
[216,317,326].

None of the four TetR strains had mutational changes

in the several allowed positions in the 16s rRNA Tet binding pocket
that can result in modest Tet resistance [236,237].

Thus, by default,

their resistances are likely to stem from mutations in other loci - a
class of mutations previously interpreted

as more easily achieved, but

also likely to diminish H. pylori fitness [236]. We propose that the low
probability of mutation at just a few specific rRNA sites and low fitness
conferred by Tet resistance mutations in other genes explains the
rarity of TetR H. pylori, despite considerable exposure, in The Gambia.

Resistance to Amo was also very rare in Gambian strains, much as has
been reported for other geographic regions [216,326].

7.5 Conclusion
The increased prevalence of resistance to antibiotics used against H.
pylori is of great concern especially in developing countries where the
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costs of even the least expensive first line drugs are a burden to
average citizens. This contributes to the urgency of monitoring
antibiotic resistant strain frequencies to help clinicians effectively
manage patients and their antibiotic regimens, and effectively deal
with treatment

failure. The rich repertoire of rdxA mutations found in

our many Gambian H. pylori strains should be useful for future studies
of RdxA structure and function, of how RdxA and its FrxA homolog
make H. pylori susceptible to prodrugs such as Mtz, and the roles of
these two nitroreductase

enzymes in H. pylori's central metabolic

networks.
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Chapter 8 Discussion of hypotheses, aims and objectives

The primary aims of this study which was to characterise and evaluate
the putative virulent H. pylori genotypes in The Gambia in relation to
clinical outcome have been fulfilled.

8.1 Putative virulent factors such as cagA and vacA influence
disease outcome in The Gambia.

The association of H. pylori virulent genes such as cagA and vacA and
gastric pathologies (gastric cancer, duodenal and gastric ulcers) have
been well established in some studies [268-270].

However, several

studies from different world regions have not detected such an
association [21,79,80,93,268,327-329],

an outcome suggesting the

possibility of other virulence-modulating

factors.

In The Gambia, virulence genes were indeed common similar to results
in Western countries where gastric cancer is high [330]. The cagA
oncogene and the vacAslml

toxigenic alleles are often linked to

severe gastric pathologies. In this study, it was found that cagA was
significantly associated with gastro-duodenal disease but vacA was
not. Therefore, this hypothesis was accepted only in respect to cagA.
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8.2 Mixed colonization with different genotypes influences the
development of gastroduodenal disease.

Most important of our novel finding was that the co-existence of cagA+
and cagA- strains was significantly more common in patients with NUD
than those with severe gastric diseases; however there was no
association between mixed vacA alleles and gastroduodenal disease.

The study indicated that the coexistence of both cagA+ and cagAstrains in a single host was protective against the development of
gastroduodenal disease. Therefore, this hypothesis was accepted in
respect to cagA status.

8.3 Children and adults in the Gambia are colonized by different
strains of H. pylori, which therefore circulate amongst different
age groups
The transition from childhood colonization to adult disease state is
affected by multiple factors including evolution of genotypes of
colonizing H. pylori strains themselves, driven in part by the host
response to infection. The chronically infected adults are likely to have
reached a "steady state" of adaptation between host and pathogen
after a period of many years. Phylogenetic analyses of strains found
that the MLST types found in children who have been recently
colonised completely intermingled with MLST types of adults from the
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same population suggesting that strains from both groups of study
subjects were similar in conserved genes. Children and adult strains
had both genotypic and phenotypic differences in relation to virulence
genes and antibiotic susceptibility

to Mtz respectively. Young children

significantly carried less virulent strains than any of the adult groups
and we also found that all children strains were sensitive to Mtz. The
difference in Mtz sensitivity

between adults and children isolates is an

indication that Mtz resistance might have developed from intensity of
use over time for the treatment

of other infections (parasitic and

vaginosis) which are common in our environment.

During the course of

this thesis, we have seen no evidence that different strains circulate in
different age groups, but evidence to suggest that strains may evolve
into new genotypes within individual host. Therefore, this hypothesis
was not accepted.

8.4 Gambian isolates of H. pylori form a distinct phylogenetic
family within the grouping of African derived strains.
The population structure of H. pylori from West Africa has previously
been barely determined,

albeit a few strains in the MLST data base

despite the high levels of prevalence. This data set presented in this
thesis reported the largest sample to date from West Africa
determined by MLST. MLST of seven housekeeping genes showed that
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H. pylori followed human migration out of Africa and identified seven
H. pylori populations. We found the strains from this previously
unstudied far West African population do form a distinct phylogenetic
family within the grouping of African derived strains but show genetic
similarity with hpAfrical particularly hspWAfrica which shows their
possible common genetic origin and therefore this hypothesis was
accepted.

8.5 Study objectives
8.5.1 Genetic relatedness and phylogenetic of isolates in a
single stomach

In a European study, differences in colony morphology reflected
genotypic characteristics in relation to cagA+ and cagA- infection [186].
In this study, when we looked at different looking colonies from two
individual stomachs, all colonies from one individual were identical by
RAPD and MLST in accord in what was observed in Colombia [117].
The other individual had three distinct RAPD profiles and also three
distinct MLST types consistent with other findings [89,101,186].

The

sequence types of these three strains were different in all gene loci
showing that one can have different strains of H. pylori colonising one
or more sites of an individual stomach. Further, in the subject with
multiple MLST types, it was believed to be a case of re-exposure to
novel strains colonizing the individual rather than recombination of the
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H. pylori. This shows that true mixed infections may have been due to
repeat colonisation events and not to recombination,

at least in this

subject.

8.5.2 Prevalence of antibiotic susceptibility and resistance to
amoxicillin, clarithromycin, metronidazole, erythromycin and
tetracycline

The treatment of H. pylori and its eradication continue to be a
challenge especially in developing countries despite being sensitive to
many antibiotics [29,216,226,323].

The factors associated with the

cure of H. pylori includes increase in resistance to commonly used
drugs, high rates of re-infections

[226] and poor compliance [219].

Studies in India and Peru have reported 73% and 43% [226]
recurrence of H. pylori infection within the first year respectively in
patients whose initial infection was successfully eradicated.

Several regimes have been evaluated and currently used for treating
H. pylori infections but the optimal therapy has not yet being defined,
more so in developing countries where this is dictated by availability
and affordability.

The choice of antibiotics for the treatment

of

diseases is usually driven by antibiotic susceptibility tests but this is
rarely done in H. pylori infections. With the increase in antibiotic
resistance, this may contribute to treatment failures.
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In this study, we found that all Gambian H. pylori cultures were highly
sensitive to Cia, Ery, Amo & Tet but resistance to Mtz was high and
were only seen in adults especially in females. All strains from young
children were sensitive to Mtz. We also found rdxA, an established
locus that harbours mutation

in many Mtz resistant

isolates was

responsible for most of the resistance in Gambian H. pylori isolates in
accord with other findings.

In The Gambia, erythromycin

routinely

used to treat ALRI especially in

children and more recently clarithromycin
concern as current treatment

in some clinics is a cause for

regimes for H. pylori are often beyond

the reach of most Gambians.

8.5.3 The usefulness of peR in the diagnosis of H. pylori in The
Gambia.
Presently, there is no universally
detection

accepted "gold standard"

of H. pylori. Culture based techniques

generally cost effective and relatively
for most clinically relevant
of H. pylori, a fastidious
difficult to perform.
and upper respiratory

bacteria.

organism,

for bacteria are

easy to perform and reproducible
However, the culture and isolation

is both challenging

and technically

Gastric biopsies are often contaminated
tract microbiota

medium with various antibiotics

for the

and so it requires a selective

and an antifungal
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with gut

[253] for its

successful isolation in the laboratory.

Further, H. pylori is a micro-

aerophile and requires micro-aerobic

gaseous environment

either Gaspaks or micro-aerobic

provided by

incubators. All these requirements

make the culture and isolation of H. pylori expensive and technically
challenging especially in resource poor countries.

Thus, various DNA based methods have been evaluated to determine
an optimum method for the detection of H. pylori in biological
specimens. The use of peR was found to be slightly superior in our
hands with a higher diagnostic suitability,

faster and technically easier

to perform.

However culturing H. pylori is still important for antibiotic susceptibility
tests that could guide therapy especially in cases of persistent infection
where the isolation of the organism is important

[331,332].

The choice

therefore of test for the detecton of H. pylori from clinical samples
largely depends on the clinical situation, resources and the local
expertise available.

183

Chapter 9 Concluding remarks
9.1 Limitations of the study
9.1.1 Sampling bias
Due to invasiveness of endoscopy, most H. pylori studies including this
one, has a sampling bias in that only symptomatic

patient with

suspected gastric diseases significant enough to warrant upper gastric
endoscopy were selected and investigated.

In addition, samples were

taken only from a small part of the stomach. In this study most of the
samples were collected from the gastric antrum because although
some of the study subjects allowed research biopsies from different
regions of the stomach; but most consented only to a single biopsy
which was taken from the antrum. Although the antrum is the most
colonised area of the stomach as far as H. pylori is concerned, it is
possible for a different strain or strains to colonise other parts of the
stomach such as corpus and/or fundus. This has potentially affected
our aim to look at variation within single host in great detail.

9.1.2 Sample size
Over 400 subjects were routinely investigated for possible gastric
disease during the course of this study but only a third consented to
joln the study. Increasing the sample size could have been more
representative,

but due to limited resources and invasiveness of
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technique, this was not possible. Advances in less invasive techniques
such as the use of string test, gastric washings which reflects the
whole stomach, and stool antigen test [29] may allow increase in
sampling and provide opportunity for large epidemiological studies to
study the dynamics of H. pylori infection and its transmission by
looking at asymptomatic individuals and parents whose children are
colonised.

9.1.3 Children strains

We have seen in this study that children carried mainly less virulent
strains but the numbers investigated were small which limits our
ability to make any significant conclusion. Increased sample size would
have provided us the opportunity to evaluate the specific features that
contribute to the success (from H. pylori's perspective) of initial
colonization, and subsequent evolutionary changes that lead to
adaptation, and potentially gastro-duodenal disease after many years
of chronic colonization. This limitation was due to lack of adequate
resources and the need for an experienced paediatric endoscopist and
the related patient care associated with such patients.
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9.1.4 Lack of histological assessment
Gastric diseases were mostly diagnosed by macroscopic examination
of the stomach only and the classification of diseases may have been
inaccurate without histological assessment. In a study to investigate
gastric intestinal metaplasia, about 8% with normal gastroduodenal
tract appearance by endoscopy may have had premalignant

gastric

lesions [333]. Thus, histological examination of gastric biopsies could
have increased the accuracy of gastro duodenal disease classification.

9.1.5 Culture and mixed infections

H. pylori is a fastidious organism and biopsies are often contaminated
with gastric and upper respiratory tract microbiota. Only 53% of
gastric biopsies cultured were successfully isolated and purified. This
was mainly due to either failure to survive subculture or contamination
despite the use of a selective media. In addition, the repeated
passaging of cultures to obtain a confluent growth for storage and
analyses may have contributed to over enhancement of minority
strains and also influence changes in the bacterial genotype due to
recombination/mutation

thereby over representing the presence of

mixed infections in culture as indicated in chapter 5.
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9.1.6 Data
The only endoscopy unit in The Gambia is found in MRC, Fajara where
the study was conducted. A bias may have arisen on the prevalence of
gastric diseases and geographic locality of patients as only select
patients are seen in this unit; those who can afford the travel distance
and those lucky to obtain endoscopy as only a limited number of
endoscopies are undertaken each day. Most patients from other
regions outside of GSA stayed with relatives on the coast during the
course of investigations

and treatment

and gave these locations as

their addresses instead of where they actually come from. A robust
demographic information system and a good follow up will in future be
necessary to provide insights into the prevalence of gastric diseases in
the different regions and also relatedness of strains and possible
sources of infections.

9.1.7 Genotypes and gastric diseases
Several studies have identified many genes that were implicated in the
development of gastric diseases [334,335].

At least in Western

countries [335], the presence of homA, homB, sabA were also found to
be associated with the development of gastric diseases. In a study of
Colombian subjects [329] using micro-array,

Jhp0045 and Jhp0046

were shown to be associated with gastric carcinoma in cagA positive
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cases. Thus, the detection of only cagA and vacA in this study is
limited in the information that they provide.

9.1.8 Phylogeny of H. pylori
MLST is often regarded as the "gold standard" method to determine
the genetic relatedness of H. pylori. The test produces data that is
highly unambiguous,

reproducible, and portable and can discriminate

between many sequence types and can be used to investigate
evolutionary

relationships among bacteria. However, a limitation of

MLST is the need for DNA sequencing, which is restricted to few
institutions.

Further, due to the sequence conservation in

housekeeping genes, MLST sometimes lacks the discriminatory
to differentiate

bacterial strains, which may limit its use in

epidemiological

investigations.

MLST, a multi-virulence-Iocus

To improve the discriminatory

power

power of

sequence typing (MVLST) approach has

been developed using Listeria monocytogenes [336]. MVLST broadens
the benefits of MLST but targets virulence genes, which may be more
polymorphic than housekeeping genes.
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9.2 Future studies

1. Given that more genes than those examined here are implicated in
the development of gastric diseases [334,335], it would be useful
to investigate the presence of other genes in this largely unstudied
population and their relationship with gastro-duodenal diseases.
2. H. pylori share their gastric niche with numerous other strains and

bacterial species (and some protozoan species) and given that H.
pylori engages in DNA exchange with other strains and bacterial

species, metagenomic analysis would provide us the opportunity to
study the composition of the stomach microbiome in relation to
presence or absence of H. pylori and genes encoded in the
different species.
3. DNA sequencing used in this study only looked at highly conserved
housekeeping genes; the rest of the genome may be different.
About 60 of our strains have been deposited at the genome centre
in Washington University, St. Louis, USA for whole genome
sequencing.
4. The use of a minimally invasive technique such as the string test to
look at asymptomatic subjects, children and parents whose
children are colonised could allow us further to evaluate the
prevalence of H. pylori in The Gambia and possible transmission
routes.
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9.3 Closing remarks
Despite these limitations,

this study provides a detailed initial

description 'of a set of H. pylori isolates directly related to a
geographically defined West African population. This has answered
some relevant questions on H. pylori virulent genes in association with
gastro-duodenal

diseases in this population that may have contributed

to the gene pool of H. pylori in Europe and the Americas, and
described susceptibility

and resistance to clinically relevant anti-H.

pylori agents that are commonly used in The Gambia and reported the
molecular basis of their anti-H. pylori activities. All of the clinical and
virtually the entire laboratory procedures were conducted in The
Gambia, providing a comprehensive

basis for future studies into areas

that need to be explored further and in greater detail.

190

Chapter 10 Bibliography
1. United Nation Development Programme (UNDP) Human
Development Indices, (2011).
2. Central Statistics Department, The Gambia (2004).
3. Yang X, Xie L, Li Y, Wei C (2009) More than 9,000,000 Unique
Genes in Human Gut Bacterial Community: Estimating Gene
Numbers Inside a Human Body. PLoS ONE 4: e6074.
doi:6010.1371.
4. Sekirov I, Russell SL, Antunes LC, Finlay BB. (2010) Gut microbiota
in healthand disease. Physiol Rev 90: 859-904.
5. Ley RE, Backhed F, Turnbaugh P, Lozupone CA, Knight RD, Gordon
JI. (2005.) Obesity alters gut microbial ecology. Proc Natl Acad
Sci USA 102: 11070-11075.
6. Musso G, Gambino R, Cassader M. (2010) Obesity, diabetes, and
gut microbiota: the hygiene hypothesis expanded? Diabetes Care
33: 2277-2284. Review.
7. Turnbaugh PJ, Backhed F, Fulton L, Gordon JI. (2008) Diet-induced
obesity is linked to marked but reversible alterations in the
mouse distal gut microbiome .. Cell Host Microbe 3: 213-223.
8. Frank DN, St Amand AL, Feldman RA, Boedeker EC, Harpaz N, Pace
NR (2007) Molecular-phylogenetic characterization of microbial
community imbalances in human inflammatory bowel diseases.
Proc Natl Acad Sci USA 104: 13780-13785 (12007).
9. Pedron T, Sansonetti P (2008) Commensals, bacterial pathogens
and intestinal inflammation: an intriguing menage a trois. Cell
Host Microbe 3: 344-347.
10. Sekirov I, Finlay BB. (2009) The role of the intestinal microbiota in
enteric infection .. J Physiol 587: 4159-4167.
11. Stecher B, Hardt WD (2008b) The role of microbiota in infectious
disease. Trends Microbiol 16: 107-114.
12. Marshall BJ (1983) Unidentified curved bacilli in gastric epithelium
in active chronic gastritis. Lancet 1: 1273-1275.
13. Romaniuk PJ, Zoltowska B, Trust TJ, Lane DJ, Olsen GJ, Pace NR,
Stahl DA. (1987) Campylobacter pylori, the spiral bacterium
associated with human gastritis, is not a true Campylobacter sp.
J Bacteriol 169: 2137-2141.
14. Kidd M, Modlin 1M. (1998) A century of Helicobacter pylori.
Paradigms lost-paradigms regained. Digestion 59: 1-15.
15. Owen RJ. (1998) Helicobacter species classification and
identification (Review). British Medical Bulletin 54: 17-30.
16. Cellini L, Allocati N, Piattelli A, Petrelli I, Fanci P, Dainelli B. (1995)
Microbiological evidence of Helicobacter pylori from dental
plaque in dyspeptic patients. New Microbiol 18: 187-192.
191

17. Falsafi T, Valizadeh N, Najafi M, Ehsani A, Khani A, Landarani Z,
Falahi Z. (2007) Culture of Helicobacter pylori from stool
samples in children. Can J Microbiol 53: 411-416.
18. Huanq Y, Fan XG, Tang ZS, Liu L, Tian XF, Li N (2006) Detection of
Helicobacter pylori DNA in peripheral blood from patients with
peptic ulcer or gastritis. APMIS 114: 8519-8516.
19. Thomas JE, Dale A, Harding M, Coward WA, Cole TJ, Weaver LT
(1999) Helicobacter pylori colonization in early life. Pediatr Res
45: 218-223.
20. Bunn JE, MacKay WG, Thomas JE, Reid DC, Weaver LT.(2002)
Detection of Helicobacter pylori DNA in drinking water biofilms:
implications for transmission in early life. Lett Appl Microbiol 34:
450-454.
21. Mukhopadhyay AK, Kersulyte D, Jin-Yong Jeong, Simanti Datta,
Yoshiyuki Ito, Abhijit Chowdhury, Sujit Chowdhury, Amal Santra,
Sujit K. Bhattacharya, Takeshi Azuma, G. Balakrish Nair, and
Douglas E Berg (2002) Distinctiveness of genotypes of
Helicobacter pylori in Calcutta. India. J Bacteriol 182: 32193227.
22. Destura RV, Eternity DL, Leah JB, Cirle SA, Venancio IG, Ma
Lourdes OD, Richard LG. (2004) Laboratory diagnosis and
susceptibility profile of Helicobacter pylori infection in the
Philippines Annals of Clinical Microbiology and Antimicrobials
3:25.
23. Riepl RL, Folwaczny C, Otto B, Klauser A, Blendinger C, Wiebecke
B, Konig A, Lehnert P, Heldwein W. (2000) Accuracy of 13C-urea
breath test in clinical use for diagnosis of Helicobacter pylori
infection. Z Gastroenterol 38: 13-19.
24. Arvind AS, Cook RS, Tabaqchali 5, Farthing MJG. (1988) One
minute endoscopy room test for campylobacter pylori. Lancet
(letter) i: 704.
25. Goh KL, Parasakthi N, Peh SC, Puthucheary SO, Wong NW (1994)
The Rapid Urease Test in the diagnosis of Helicobacter pylori
infection. Singapore Med J 35: 161-162.
26. Kato 5, Ozawa K, Konno M, Tajiri H, Yoshimura N, Shimizu T,
Fujisawa T, Abukawa 0, Minoura T, Linuma K (2002) Diagnostic
accuracy of the 13C-urea breath test for childhood Helicobacter
pylori infection: a multicenter Japanese study. Am J
Gastroenterol 97: 1668-1673.
27. Doglioni C, Turria M, Macri E (1997) HpSS:a new silver staining
method for Helicobacter pylori. J Clin Path 50: 461-464.
28. Laine L, Lewin ON, Naritoku W. (1997) Prospective comparison of
H&E, Giemsa and genta stains for the diagnosis of Helicobacter
pylori. Gastrintest Endosc 45: 463-467.
192

29. Megraud F, Lehours P. (2007) Helicobacter pylori detection and
antimicrobial susceptibility testing. Clin Microbiol Rev 20: 280322.Review.
30. Rotimi 0, cairns A, Gray S, Moayyedi P, Dixon MF. (2000)
Histological identification of helicobacter pylori :comparison of
staining methods. J Clin Path 53: 756-759.
31. EI-Zimaity HM, Segura AM, Genta RM, Graham DY (1998)
Histologic assessment of Helicobacter pylori status after therapy:
comparison of Giemsa, Diff-Quik, and Genta stains. Mod Pathol
11: 288-291.
32. Calvet X, Sanchez-Delgado J, Montserrat A, Lario S, RamfrezLazaro MJ, Quesada M, Casalots A, Suarez D, Campo R, Brullet
E, Junquera F, Sanfeliu I, Segura F. (2009) Accuracy of
diagnostic tests for Helicobacter pylori: a reappraisal. Clin Infect
Dis 48: 1385-1391.
33. Katsuragi K, Noda A, Tachikawa T, Azuma A, Mukai F, Murakami K,
Fujioka T, Kato M, Asaka M. (1998) Highly sensitive urine-based
enzyme-linked immunosorbent assay for detection of antibody to
Helicobacter pylori. Helicobacter 3: 289-295.
34. Leodolter A, Vaira D, Bazzoli F, SchOtze K, Hirschi A, Megraud F,
Malfertheiner P. (2003) European multicentre validation trial of
two new non-invasive tests for the detection of Helicobacter
pylori antibodies: urine-based ELISA and rapid urine test.
Aliment Pharmacol Ther 18: 927-931.
35. Laheij RJF, Straatman H, Jansen JBMJ, Verbeek ALM (1998)
Evaluation of commercially available Helicobacter pylori serology
kits: A Review J Clin Microbiol 36: 2803-2809.
36. Girdaladze AM, Mosidze BA, Tsertsvadze TN, Shartava TsK,
Girdaladze SA. (2008) The prevalence of Helicobacter pylori
infection among the Georgian population. Georgian Med News
157: 34-39.
37. Feldeman M, Cryer B, Lee E, Petersom WL. (1998) The role of
seroconversion in confirming cure of Helicobacter pylori
infection. JAMA 280: 363-365.
38. Klein PD, Malaty HM, Martin RF, Graham KS, Genta RM, Graham
DY (1996) Noninvasive detection of Helicobacter pylori infection
in clinical practice: the 13C urea breath test. Am J Gastroenterol
91: 690-694.
39. Sicinschi LA, Correa P, Bravo LE, Peek RM Jr, Wilson KT, Loh JT,
Yepez MC, Gold BD, Thompson DT, Cover TL, Schneider BG.
(2012) Non-invasive genotyping of Helicobacter pylori cagA,
vacA, and hopQ from asymptomatic children. Helicobacter 17:
96-106.

193

40. Vaira D, Gatta l, Ricci C, Di Mario F, lanzini A (2009) Accuracy of
Urea Breath Tests Tablets After 10 Minutes Compared With
Standard 30 Minutes to Diagnose and Monitoring Helicobacter
pylori Infection: A Randomized Controlled Trial. J Clin
Gastroenterol 43: 693-694.
41. Connor SJ, Ngu MC, Katelaris PH. (1999) The impact of short-term
ranitidine use on the suppression precision of the 13-C urea
breath test in subjects infected with Helicobacter pylori. Eur J
Gastroenterol hepatol 11: 1135-1138.
42. levine A, Shevah a, Shabat-Sehayek V, Aeed H, Boaz M, Moss SF,
Niv Y, Avni Y, Shirin H. (2004) Masking of 13C urea breath test
by proton pump inhibitors is dependent on type of medication:
comparison between omeprazole, pantoprazole, lansoprazole
and esomeprazole. Aliment Pharmacol Ther 20: 117-122.
43. Savarino V, Bisso G, Pivari M, Zentilin P, Bilardi C, Dulbecco P,
Mele MR, Tracci D, Vigneri S. (2000) Effect of gastric acid
suppression on 13C-urea breath test: comparison of ranitidine
with omeprazole. Aliment Pharmacol Ther 14: 291-297.
44. Megraud F (1996) Advantages and disadvantages of current
diagnostic tests for the detection of Helicobacter pylori. Scand J
Gastroenterol Supp1.215: 57-62.
45. Longan RPH, Walker MM (2001) ABC of the upper gastro-intestinal
tract. Epidemuiology and diagnosis of Helicobacter pylori
infection. BMJ 323: 920-923.
46. Kelly SM, Pitcher MCl, Farmery SM, Gibson GR (1994) Isolation of
Helicobacter pylori from feces of patients with dyspepsia in the
UK. Gastroenterology
107: 1671-1674.
47. Thomas JE, Gibson GR, Darboe MK, Dale A, Waever LT. (1992)
Isolation of Helicobacter pylori from human faeces. lancet 340:
1194-1195.
48. Blanco 5, Forne M, lacoma A, Prat C, Cuesta MA, Fuenzalida l,
Viver JM, Dominguez J. (2009) Evaluation of a latex
agglutination test (POlUGEN) for the detection of Helicobacter
pylori in stool specimens. Diagn Microbiol infect Dis 63: 349-353.
49. Koletzko 5, Konstantopoulos N, Bosman D, Fyedt-Schmidt A, van
der Ende A, Kalach N, Raymond J, Russmann H (2003)
Evaluation of a novel monoclonal Enzyme Immuno asay for
detection of Helicobacter pylori antigen in stool from children.
Gut 52: 804-806.
50. Konstantopoulos N, Russmann H, Tasch C, Sauerwald T,
Demmelmair H, Autenrieth H, Koletzko S. (2001) Evaluation of
the Helicobacter pylori stool antigen test (HpSA) for the
detection of Helicobacter pylori infection in children. Am J
Gastroenterol 96: 677-683.
194

51. Trevisani

L, Sartori S, Galvani F, Rossi MR, Ruina M, Caselli M.
(1998) Detection of Helicobacter pylori in faeces with a new
enzyme immunassay method: preliminary results. Scand J

Gastroenterol 33: 893.
52. Vaira 0, Malfertheiner

P, Megraud F, Axon AT, Deltenre M, Hirschi
AM, Gasbarrini G, O'Morain C, Garcia JM, Quina M, Tytgat GN.
(1999) Diagnosis of Helicobacter pylori infection with a new noninvasive antigen-based assay. Lancet 254: 30-33.
53. Vaira 0, Vakil N, Menegatti M, van't Hoff S, Ricci C, Gatta L,
Gasbarrini G, Quina M, Pajares Garcia JM, van Der Ende A, van
Der Hulst R, Anti M, Duarte C, Gisbert JP, Miglioli M, Tytgat G.
(2002) The stool antigen test for the detection of Helicobacter
pylori after eradication therapy. Ann Intern Med 136: 280-287.
54. Song J, Park S. (2011) The clinical usefulness of the non-invasive
rapid urine test to H. pylori: RAPIRUNR• Helicobacter 16: 77-

143.
55. Makristathis A, Pasching E, SchOtze K, Wimmer M, Rotter ML,
Hirschi AM (1998) Detection of Helicobacter pylori in stool
specimens by PCR and antigen enzyme immunoassay. J Clin
Microbiol 36: 2772-2774.
56. Delgado S, Suarez A, Otero L, Mayo S. (2004) Variation of
microbiological and biochemical parameters in the faeces of two
healthy people over a 15 day period. Eur J Nutr 43: 375-380.
57. van Tongeren SP, Siaets JP, Harmsen HJ, Welling GW (2005) Fecal
microbiota composition and frailty. Appl Environ Microbiol 71:

6438-6442.
58. Falsafi T, Favaedi R, Mahjoub F, Najafi M. (2009) Application of

59.

60.
61.

62.

stool-PCR test for diagnosis of Helicobacter pylori infection in
children. World J Gastroenterol 15: 484-488.
Covacci A, Telford JL, Giudice GD, Parsonnet J, and Rappuoli R.
(1999) Helicobacter pylori virulence and genetic geography ..
Science 284: 1328-1333.
Rowland M, Drumm S. (1998) Clinical significance of Helicobacter
infection in children. Sr Med Bull 54: 95-103.
Asrat 0, Nilsson I, Mengistu Y, Kassa E, Ashenafi S, Ayenew K,
Wadstrom T, Abu-AI-Soud W. (2004) Prevalence of Helicobacter
pylori vacA and cagA Genotypes in Ethiopian Dyspeptic Patients.
J Clin Microbiol 42: 2682-2684.
Campbell DI, Warren SF, Thomas JE, Figura N, Telford JL, Sullivan
PS. (2001) The African enigma: low prevalence of gastric
atrophy, high prevalence of chronic inflammation in West African
adults and children. Helicobacter 6: 263-267.

195

63. Jemilohun AC, Otegbayo JA, Ola SO, Oluwasola OA, Akere A
(2010) Prevalence of helicobacter pylori among Nigerian patients
with dyspepsia in Ibadan. Pan Afr Med J 2010; 6: 18 6: 18.
64. Mbula,iteye SM, Gold BD, Pfeiffer RM, Brubaker GR, Shao J, Biggar
RJ, Hisada M (2006) Helicobacter pylori infection and antibody
immune response in a rural Tanzanian populations. Infect Agents
and cancer 1: 1-7.
65. Mohammad MA, Hussein l, Coward A, Jackson SJ. (2007)
Prevalence of Helicobacter pyori infecton among Egyptian
children: Impact of social background and effect on growth.
Public Health Nutrition 11: 230-236.
66. Sanz-Pelaez 0, Santana-Rodriguez E, Maroto AA, CarranzaRodrfguez C, Pisos-Alamo E, Perez-Arellano Jl (2008)
Helicobacter pylori and cagA seroprevalnce in Sub-saharan
immigratnts recently arrived to Gran Canaria (Spain). Scad J
infect Dis 40: 756-758.
67. Singh K, Ghoshal UC (2006) Causal role of Helicobacter pylori
infection in gastric cancer: an Asian enigma. World J
gastroenterol 12: 1346-1351.
68. Vakil N, Zullo A, Ricci C, Hassan C, Vaira D. (2008) Duplicate
Breath Testing To Confirm Eradication of Helicobacter pylori:
Incremental Benefit and Cost in 419 Patients Alimentary
Pharmacology & Therapeutics 28: 1304-1308.
69. Atherton J (2006) The pathogenesis of Helicobacter pylori-induced
gastro-duodenal diseases. Annu Rev Pathol 1: 63-96. Review.
70. Bergman M, Del Prete G, van Kooyk Y, Appelmelk B. (2006)
Helicobacter pylori phase variation, immune modulation and
gastric autoimmunity. Nature Reviews Microbiology 4: 151-159
71. Crowe S (2005) Helicobacter infection, chronic inflammation, and
the development of malignancy. Curr Opin Gastroenterol 21: 3238. Review.
72. Mbulaiteye SM, Hisada M, EI-Omar EM. (2009) Helicobacter pylori
associated global gastric cancer burden. Front Biosci 14: 14901504.
73. Wroblewski LE, Peek RM Jr, Wilson KT. (2010) Helicobacter pylori
and gastric cancer: factors that modulate disease risk. Clin
Microbiol Rev 23: 713-739.
74. Wu IC, Wu DC, Yu FJ, Wang JY, Kuo CH, Yang SF, Wang Cl, Wu
MT (2009) Association between Helicobacter pylori seropositivity
and digestive tract cancers. World J Gastroenterol 15: 54655471.
75. Segal I, Ally R, Mitchell H. (2001) Helicobacter pylori-an African
perspective. Q J Med 94: 561-565.

196

76. Ferlay J, Autier P, Boniol M, Heanue M, Colombet M, Boyle P.
(2007) Estimates of the cancer incidence and mortality in Europe
in 2006. Ann Oncol 18: 581-592.
77. Hall TJ, Moulder J, Hsu HS, Achord J, Scott-Conner CEo (1993)
Gastric carcinoma among younger individuals in Mississippi.
South Med J 86: 302-304.
78. Malaty HM, EI-Kasabany A, Graham DY, Miller CC, Reddy SG,
Srinivasan SR, Yamaoka Y, Berenson GS. (2002) Age at
acquisition of Helicobacter pylori infection: a follow-up study
from infancy to adulthood. Lancet 359: 931-935.
79. Agha A, Graham DY (2005) Evidence-based examination of the
African enigma in relation to Helicobacter pylori infection. Scand
J Gastroenterol 40: 523-529.
80. Graham DY, Lu H, Yamaoka Y (2009) African, Asian or Indian
enigma, the East Asian Helicobacter pylori: facts or medical
myths. J Dig Dis 10: 77-84.
81. Azuma T, Kato S, Zhou W, Yamazaki S, Yamakawa A, Ohtani M,
Fujiwara S, Minoura T, Iinuma K, Kato T (2004) Diversity of vacA
and cagA genes of Helicobacter pylori in Japanese children.
Aliment Pharmacol Ther 20: 7-12.
82. De Gusrnao VR, Nogueira Mendes E, De Magalhaes Queiroz OM,
Aguiar Rocha G, Camargos Rocha AM, Ramadan Ashour AA,
Teles Carvalho AS (2000) vacA Genotypes in Helicobacter pylori
Strains Isolated from Children with and without Duodenal Ulcer
in Brazil J Clin Microbiol 38: 2853-2857.
83. Homan M, Luzar B, Kocjan BJ, Orel R, Mocilnik T, Shrestha M,
Kveder M, Poljak M. (2009) Prevalence and clinical relevance of
cagA, vacA, and iceA genotypes of Helicobacter pylori isolated
from Siovenian children. J Pediatr Gastroenterol Nutr 49: 289296.
84. Ko JS, Kim KM, Oh YL, Seo JK (2008) cagA, vacA, and iceA
genotypes of Helicobacter pylori in Korean children. Pediatr Int
50: 628-631.
85. Talarico S, Gold BD, Fero J, Thompson DT, Guarner J, Czinn S,
Salama NR (2009) Pediatric Helicobacter pylori isolates display
distinct gene coding capacities and virulence gene marker
profiles. J Clin Microbiol 47: 1680-1688.
86. Sicinschi LA, Correa P, Peek RM Jr, Camargo MC, Delgado A,
Piazuelo MB, Romero-Gallo J, Bravo LE, Schneider BG. (2008)
Helicobacter pylori genotyping and sequencing using paraffinembedded biopsies from residents of colombian areas with
contrasting gastric cancer risks. Helicobacter 13: 135-145.

197

87. Oleastro M, Gerhard M, Lopes AI, Ramalho P, Cabral J, Sousa
Guerreiro A, Monteiro L (2003) Helicobacter pylori virulence
genotypes in Portuguese children and adults with gastroduodenal
pathology. Eur J Clin Microbiol Infect Dis 22: 85-91.
88. Benenson 5, Halle D, Rudensky B, Faber J, Schlesinger Y, Branski
D, Rabinowitz N, Wilschanski M (2002) Helicobacter pylori
genotypes in Israeli children: the significance of geography. J
Pediatr Gastroenterol Nutr 35: 680-684.
89. Schwarz 5, Morelli G, Kusecek B, Manica A, Balloux F, Owen RJ,
Graham DY, van der Merwe 5, Achtman M, Suerbaum 5 (2008)
Horizontal versus Familial Transmission of Helicobacter pylori.
PLoS Pathogens 4: 1-10.
90. Gulrnaraes N, Azevedo NF, Figueiredo C, Keevil CW, Vieira MJ.
(2007) A Multiroute Way of Transmission for Helicobacter pylori.
Helicobacter 12: 456.
91. Haggerty T, Shmuely H, Parsonnet J. (2003) Helicobacter pylori in
cathartic stools of subjects with and without cimetidine-induced
hypochlorhydria.
J Med Microbiol. J med Microbiol 52: 189-191.
92. Brown LM. (2000) Helicobacter pylori: Epidemiology and Routes of
Transmission. Epidemiologic Reviews 22: 283-297.
93. Momtaz H, Souod N, Dabiri H, Sarshar M. (2012) Study of
Helicobacter pylori genotype status in saliva, dental plaques,
stool and gastric biopsy samples. World journal of
gastroenterology:
WJG 18: 2105-2111.
94. Roman-Roman A, Giono-Cerezo 5, Camorlinga-Ponce M, MartfnezCarrillo ON, Loaiza-Loeza 5, Pernandez-Tllapa G. (2012) vacA
genotypes of Helicobacter pylori in the oral cavity and stomach
of patients with chronic gastritis and gastric ulcer. Enferm Infecc
Microbiol Clin: pii: S0213-0005X(0212)00275-00273.
doi.
95. Lukes P, Pavlik E, Potuznikova B, Plzak J, Nartova E, Dosedel J,
Katra R, Sterzl I, Betka J, Astl J. (2012) Comparison of
Helicobacter pylori genotypes obtained from the oropharynx and
stomach of the same individuals - a pilot study. Prague Med Rep
113: 231-239.
96. Grubel P, Hoffman JS, Chong FK, Bursteion NA, Mepani C, Cave
DR. (1997) Vector potential of House flies (musca domestica) for
Helicobacter pylori. J Clin Microbiol 35: 1300-1303.
97. Allen SJ, Thomas JE, Alexander NO, Bailey R, Emerson PM. (2004)
Flies and Helicobacter pylori infection. Arch Dis Child 89: 10371038.
98. Tytgat GN. (1995) Endoscopic transmission of Helicobacter pylori.
Ailment Pharmacol Ther 9: 105-110.

198

99. Langenberg W, Rauws EA, Oudbier JH, Tytgat GN. (1990) Patient
to patient transmission of Campylobacter pylori infection by
fiberoptic gastroduodenoscopy
and biopsy. J Infect Dis 161: 507511~
100. Chong V H, Lim K C, Rajendran N (2008) Prevalence of active
Helicobacter pylori infection among patients referred for
endoscopy in Brunei Darussalam. Singapore Med J 49: 42-46.
101. Raymond J, Thiberge JM, Chevalier C, Kalach N, Bergeret M,
Labigne A, Dauga C. (2004) Genetic and transmission analysis of
Helicobacter pylori strains within a family. Emerg infect Dis 10:
1816-1821.
102. Frenck RW Jr, Clemens J. (2003) Helicobacter in the developing
world. Microbes Infect 5: 705-713. Review.
103. Windle HJ, Kelleher D, Crabtree JE. (2007) Childhood
Helicobacter pylori infection and growth impairment in
developing countries: a vicious cycle? Pediatrics 119: e754-759.
104. Windle HJ, Kelleher D, Crabtree JE. (1995) Long-term
colonization with single and multiple strains of Helicobacter
pylori assessed by DNA fingerprinting.
J Clin Microbiol 33: 918923.
105. van Doorn L, Figueiredo CE, Sanna R, Plaisier A, Schneeberger P,
De Boer W, Quint W (1998) Clinical Relevance of the cagA, vacA,
and iceA Status of Helicobacter pylori. Gastroenterology
115:
58-66.
106. Akopyants NS, Clifton SW, Kersulyte D, Crabtree JE, Youree BE,
Reece CA, Bukanov NO, Drazek ES, Roe BA, Berg DE. (1998)
Analyses of the cag pathogenicity island of Helicobacter pylori.
Mol Microbiol 28: 37-53.
107. Censini 5, Lange C, Xiang Z, Crabtree JE, Ghiara P, Borodovsky
M, Rappuoli R, Covacci A. (1996) cag, a pathogenicity islandof
Helicobacter pylori, encodes type I-specific and diseaseassociated virulence factors. Proc Natl Acad Sci USA 93: 1464814653.
108. Chattopadhyay 5, Datta 5, Chowdhury A, Chowdhury 5,
Mukhopadhyay AK, Rajendran K, Bhattacharya SK, Berg DE, Nair
GB. (2002) Virulence genes in Helicobacter pylori strains from
West Bengal residents with overt H. pylori-associated diseaseand
healthy volunteers. Clin Microbiol 40: 2622-2625.
109. Tanih NF, McMillan M, Naidooc N, Ndipd LM, Weaver LT, Ndip RN
(2010) Prevalence of Helicobacter pylori vacA, cagA and iceA
genotypes in South African patients with upper gastrointestinal
diseases. Acta Tropica 116: 68-73.

199

110. Caner V, Yilmaz M, Yonetci N, Zencir 5, Karagenc N, Kaleli I,
Bagci H. (2007) H pylori iceA alleles are disease-specific
virulence factors. World J Gastroenterol 13: 2581-2585.
111. Peek, RM Jr, Thompson SA, Donahue JP, Tham KT, Atherton JC,
Blaser MJ, Miller GG. (1998) Adherence to gastric epithelial cells
induces expressionof a Helicobacter pylori gene, iceA, that is
associated with clinical outcome. Proc Assoc Am Physicians 110:
531-544.
112. Kidd M, Peek RM, lastovica AJ, Israel DA, Kummer AF, louw JA.
(2001) Analysis of iceA genotypes in South African Helicobacter
pylori strains and relationshipto clinically significant disease. Gut
49: 629-635.
113. Atherton JC (1997) The clinical relevance of strain types of
Helicobacter pylori. Gut 40: 701-703.
114. Ito Y, Azuma T, Ito 5, Miyaji H, Hirai M, Yamazaki Y, Sato F, Kato
T, Kohli Y, Kuriyama M. (1997) Analysis and typing of the vacA
gene from cagA-positive strains of Helicobacter pylori isolated in
Japan. J Clin Microbiol 35: 1710-1714.
115. Yamaoka Y, Kodama T, Kita M, Imanishi J, Kashima K, Graham
DY. (1998) Relationship of vacA genotypes of Helicobacter pylori
to cagA status, cytotoxin production, and clinical outcome.
Helicobacter 3: 241-253.
116. Yamaoka Y, Kodama T, Graham DY, Kashima K. (1998)
Comparison of four serological tests to determine the CagA or
VacA status of Helicobacter pylori strains. J Clin Microbiol 36:
3433-3434.
117. de Sablet T, Piazuelo MB, Shaffer Cl, Schneider BG, Asim M,
Chaturvedi R, Bravo lE, Sicinschi LA, Delgado AG, Mera RM,
Israel DA, Romero-Gallo J, Peek RM Jr, Cover Tl, Correa P,
Wilson KT. (2012) Phylogeographic origin of Helicobacter pylori
is a determinant of gastric cancer risk. Gut 60: 1189-1195.
118. Kusters JG, van Vliet AH, Kuipers EJ. (2006) Pathogenesis of
Helicobacter pylori infection .. Clinical Microbiology Reviews 19:
449-490.
119. Peek RM. (2008) Helicobacter pylori infection and disease: from
humans to animal models. Dis Model Mech 1: SO-SS.
120. Bauer B, Meyer TF (2011) The Human Gastric Pathogen
Helicobacter pylori and Its Association with Gastric Cancer and
Ulcer Disease. Ulcers 2011: 23
pagesdoi: 10.1155/2011/3401
57Review
121. D'Elios MM, Andersen LP. (2007) Helicobacter pylori
inflammation, immunity, and vaccines. Helicobacter 12: 15-19.
Review.

200

122. Dunn BE, GP Campbell, GI Perez-Perez and MJ Blaser (1990)
Purification and characterization of urease from Helicobacter
pylori. J Bioi Chem 265: 9464-9469.
123. Bickley J, Owen RJ, Fraser AG, Pounder RE (1993) Evaluation of
the polymerase chain reaction for detecting the urease C gene of
Helicobacter pylori in gastric biopsy samples and dental plaque.
J Med Microbiol 39: 338-344.
124. Suerbaum S, Michetti P (2002) Helicobacter pylori infection. N
Engl J Med 347: 1175-1186.
125. Kuwahara H, Miyamoto Y, Akaike T, Kubota T, Sawa T, Okamoto
S, Maeda H (2000) Helicobacter pylori Urease Suppresses
Bactericidal Activity of Peroxynitrite via Carbon Dioxide
Production. Infect Immun 68: 4378-4383.
126. Makristathis A, Rokita E, Labigne A, Willinger B, Rotter ML,
Hirschi AM (1998) Highly significant role of Helicobacter pylori
urease in phagocytosis and production of oxygen metabolites by
human granulocytes. J Infect Dis 177: 803-806.
127. Suzuki M, Miura S, Suematsu M, Fukumura D, Kurose I, Suzuki
H, Kai A, Kudoh Y, Ohashi M, Tsuchiya M. (1992) Helicobacter
pylori associated ammonia production enhances neutrophildependent gastric mucosal cell injury. Am J Physiol 263: G719G725.
128. Peek RM Jr. (2005) Events at the host-microbial interface of the
gastrointestinal tract IV. The pathogenesis of Helicobacter pylori
persistence. Am J Physiol Gastrointest Liver Physiol 289: G8-12.
129. Swidsinski A, Sydora BC, Doerffel Y, Loening-Baucke V,
Vaneechoutte M, Lupicki M, Scholze J, Lochs H, Dieleman LA.
(2007) Viscosity gradient within the mucus layer determines the
mucosal barrier function and the spatial organization of the
intestinal microbiota. Inflamm Bowel Dis 13: 963-970.
130. Makola D, Peura DA, Crowe SE. (2007) Helicobacter pylori
infection and related gastrointestinal diseases. J Clin
Gastroenterol 41: 548-558.
131. Blanchard TG, Drakes ML, Czinn SJ. (2004) Helicobacter
infection: pathogenesis. Curr Opin Gastroenterol 20: 10-15.
132. Chiba T, Seno H, Marusawa H, Wakatsuki Y, Okazaki K. (2006)
Host factors are important in determining clinical outcomes of
Helicobacter pylori infection. J Gastroenterol 2006Jan;41(1): 1-9
Review.
133. Shiotani A, Graham DY (2002) Pathogenesis and therapy of
gastric and duodenal ulcer disease. Med Clin North Am 86: 14471466.
134. Blaser M, JC Atherton (2004) Helicobacter pylori persistence:
biology and disease J Clin Invest 113: 321-333.
201

135. Schubert ML, Peura DA (2008) Control of gastric acid secretion in
health and disease. Gastroenterol 134: 1842-1860.
136. Kamradt AE, Greiner M, Ghiara P, Kaufmann SH. (2000)
Heticobecter pylori infection in wild-type and cytokine-deficient
C57BL/6 and BALB/c mouse mutants Microbes and Infection.
Microbes and Infection 2: 593-597.
137. van Doorn NE, Namavar F, Sparrius M, Stoof J, van Rees EP, van
Doorn LJ, Vandenbroucke-Grauls
CM. (1999) Helicobacter pyloriAssociated Gastritis in Mice is Host and Strain Specific Infect
Immun 67: 3040-3046.
138. Mohammadi M, Nedrud J, Redline R, Lycke N, Czinn SJ (1997)
Murine CD4 T-cell response to Helicobacter infection: TH 1 cells
enhance gastritis and TH2 cells reduce bacterial load.
Gastroenterol 113: 1848-1857.
139. Sutton P (2001) Progress in vaccination against Helicobacter
pylori. vaccine 19: 2286-2290.
140. Fox JG, Beck P, Dangler CA, Whary MT, Wang TC, Shi HN,
Nagler-Anderson C (2000) Concurrent enteric helminth infection
modulates inflammation and gastric immune responses and
reduces helicobacter-induced
gastric atrophy. Nat Med 6: 536542.
141. Passaro DJ, Taylor DN, Meza R, Cabrera L, Gilman RH, Parsonnet
J (2001) Acute Helicobacter pylori Infection Is Followed by an
Increase in Diarrheal Disease Among Peruvian Children
Pediatrics 8: e87.
142. Fraser AG, Scragg R, Schaaf D, Metcalf P, Grant CC (2010)
Helicobacter pylori infection and iron deficiency in teenage
females in New Zealand. N Z Med J 123: 38-45.
143. Fernandez-Bafiares F, Monzon H, Forne M. (2009) A short review
of malabsorption and anemia. World J Gastroenterol 15: 46444652.
144. Akcam M. (2010) Helicobacter pylori and micronutrients.
Indian
Pediatr 47: 119-126.
145. Senkovich 0, Ceaser S, McGee DJ, Testerman TL. (2010) Unique
host iron utilization mechanisms of Helicobacter pylori revealed
with iron-deficient chemically defined media. Infect Immun 78:
1841-1849.
146. Yokota S, Konno M, Mino E, Sato K, Takahashi M, Fujii N. (2008)
Enhanced Fe ion-uptake activity in Helicobacter pylori strains
isolated from patients with iron-deficiency anemia. Clin Infect Dis
46: e31-33.

202

147. Berg G, Bode G, Blettner M, Boeing H, Brenner H. (2001)
Helicobacter pylori infection and serum ferritin: a populationbased study among 1,086 adults in Germany. Am J

Gastroenterol 96: 1014-1018.
148. Milman N, Rosenstock 5, Andersen L, Jerqensen T, Bonnevie 0
(1998) Serum ferritin, hemoglobin, and Helicobacter pylori
infection: a seroepidemiologic survey comprising 2,794 Danish
adults. Gastroenterology
345: 1525-1528.
149. Cardenas VM, Mulla ZD, Ortiz M, Graham DY (2005) Iron
Deficiency and Helicobacter pylori Infection in the United States
American Journal of Epidemiology 163: 127-134.
150. Dale A, Thomas JE, Darboe MK, Coward WA, Harding M, Weaver
LT (1998) Helicobacter pylori infection, gastric acid secretion,
and infant growth. J Pediatr Gastroenterol Nutr 26: 393-397.
151. Prinz C, Schwendy 5, Voland P. (2006) H pylori and gastric
cancer: shifting the global burden. World J Gastroenterol 12:

5458-5464.
152. Yamaoka Y, Kato M, Asaka M (2008) Geographic differences in
gastric cancer incidence can be explained by differences between
Helicobacter pylori strains. Intern Med 47: 1077-1083.
153. Tsugane 5, Sasazuki S. (2007) Diet and the risk of gastric
cancer: review of epidemiological evidence. Gastric Cancer 10:

75-83.
154. Bastos J, Lunet N, Peleteiro B, Lopes C, Barros H. (2010) Dietary
patterns and gastric cancer in a Portuguese urban population.
Int J Cancer 127: 433-441.
155. Epplein M, Nomura AM, Hankin JH, Blaser MJ, Perez-Perez G,
Stemmermann GN, Wilkens LR, Kolonel LN. (2008) Association
of Helicobacter pylori infection and diet on the risk of gastric
cancer: a case-control study in Hawaii. Cancer Causes Control

19: 869-877 ..
156. Campanale M, Nucera E, Bertucci F, Tortora A, Cesario V, Gigante
G, Barbaro F, di Rienzo TA, de Pasquale T, Gasbarrini G, Ojetti V,
Schiavino D, Gasbarrini A. (2011) Nickel free-diet enhances
helicobacter pylori eradication rate. Helicobacter 16: 77-143.
157. Hahm K (2011) Nutritional intervention to tackle helicobacterassociated gastric cancer. Helicobacter 16: 77-143.
158. Lee Y, Chang HC (2008) Isolation and Characterization of Kimchi
Lactic Acid Bacteria Showing Anti-Helicobacter
pylori Activity.
Korean Journal of Microbiology and Biotechnology 2: 106-114.

203

159. Falush D, Wirth T, Linz B, Pritchard JK, Stephens M, Kidd M,
Blaser MJ, Graham DY, Vacher 5, Perez-Perez GI, Yamaoka Y,
Megraud F, Otto K, Reichard U, Katzowitsch E, Wang X, Achtman
M, $uerbaum S. (2003.) Traces of human migrations in
Helicobacter pylori populations. Science 299: 1582-1585.
160. Linz B, Balloux F, Moodley Y, Manica A, Liu H, Roumagnac P,
FalushD, Stamer C, Prugnolle F, Merwe SW van der, Yamaoka Y,
GrahamDY, Perez-Trallero E, Wadstrom T, Suerbaum 5,
Achtman M (2007) An African origin for the intimate association
between humans and Helicobacter pylori. Nature 445: 915-918.
161. Blaser MJ. (2005) An endangered species in the stomach. Sci Am
292: 38-45.
162. Cover TL, Blaser MJ (2009) Helicobacter pylori in health and
disease. Gastroenterology
136: 1863-1873.
163. Perry 5, de Jong BC, Sol nick JV, de la Luz Sanchez M, Yang 5, Lin
PL, Hansen LM, Talat N, Hill PC, Hussain R, Adegbola RA, Flynn J,
Canfield D, Parsonnet J. (2010) Infection with Helicobacter pylori
is associated with protection against tuberculosis. PLoS One 5:
e8804.
164. Arnold IC, Dehzad N, Reuter 5, Martin H, Becher B, Taube C,
MOiler A. (2011) Helicobacter pylori infection prevents allergic
asthma in mouse models through the induction of regulatory T
cells. J Clin Invest 121: 3088-3093.
165. Blaser MJ, Chen Y, Reibman J. (2008) Does Helicobacter pylori
protect against asthma and allergy? Gut 57: 61-67.
166. Graham DY, Yamaoka Y, Malaty HM. (2007) Contemplating the
future without Helicobacter pylori and the dire consequences
hypothesis. Helicobacter 12: 64-68.
167. Wikipedia.
168. Enroth H, Wreiber K, Rigo R, Risberg D, Uribe A, Engstrand L.
(1999) In Vitro Aging of Helicobacter pylori: Changes in
Morphology, Intracellular Composition and Surface Properties.
Helicobacter 4: 7-16.
169. Ndip RN, Malange Takang AE, Ojongokpoko JE, Luma HN,
Malongue A, Akoachere JF, Ndip LM, MacMillan M, Weaver LT.
(2008) Helicobacter pylori isolates recovered from gastric
biopsies of patients with gastro-duodenal pathologies in
Cameroon: current status of antibiogram. Tropical Medicine and
International Health 13: 848-854.
170. Smith SI KC, Oyedeji KS, Arigbabu AO, Coker AO, Bayedroffer E,
Miehke 5 (2002) Prevalence of Helicobacter pylori vacA, cagA
and iceA genotypes in Nigerian patients with duodenal ulcer
disease. J Med Microbiol 51: 851-854.

204

171. National Standard Methods (2008) Identification of Helicobacter
species. National Public Health Sevices for Wales. pp. 1-12.
172. Kusters JG, Gerrits MM, Van Strijp JA, Vandenbroucke-Grauls
CM.
(1997) Coccoid forms of Helicobacter pylori are the morphologic
manifestation of cell death. Infect Immun 65: 3672-3679.
173. Azevedo NF, Pacheco AP, Keevil CW, Vieira MJ. (2004) Nutrient
Shock and Incubation Atmosphere Influence Recovery of
Culturable Helicobacter pylori from Water. Appl Environ Microbiol
70: 490-493.
174. Aim RA, Ling LS, Moir DT, King BL, Brown EO, Doig PC, Smith OR,
Noonan B, Guild BC, deJonge BL, Carmel G, Tummino PJ, Caruso
A, Uria-Nickelsen M, Mills OM, Ives C, Gibson R, Merberg 0, Mills
SO, Jiang Q, Taylor DE, Vovis GF, Trust TJ (1999) Genomicsequence comparison of two unrelated isolates of the human
gastric pathogen Helicobacter pylori. Nature 397: 176-180.
175. Baltrus DA, Amieva MR, Covacci A, Lowe TM, Merrell OS,
Ottemann KM, Stein M, Salama NR, Guillemin K. (2009) The
complete genome sequence of Helicobacter pylori strain G27. J
Bacteriol 191: 447-448.
176. Oh JD, Kllnq-Backhed H, Giannakis M, Xu J, Fulton RS, Fulton LA,
Cordum HS, Wang C, Elliott G, Edwards J, Mardis ER, Engstrand
LG, Gordon JI. (2006) The complete genome sequence of a
chronic atrophic gastritis Helicobacter pylori strain: evolution
during disease progression. Proc Natl Acad Sci USA 103: 999910004.
177. Tomb JF, White 0, Kerlavage AR, Clayton RA, Sutton GG,
Fleischmann RD, Ketchum KA, Klenk HP, Gill S, Dougherty BA,
Nelson K, Quackenbush J, Zhou L, Kirkness EF, Peterson S,
Loftus B, Richardson 0, Dodson R, Khalak HG, Glodek A,
McKenney K, Fitzegerald LM, Lee N, Adams MD, Hickey EK, Berg
DE, Gocayne JD, Utterback TR, Peterson JD, Kelley JM, Cotton
MD, Weidman JM, Fujii C, Bowman C, Watthey L, Wallin E, Hayes
WS, Borodovsky M, Karp PO, Smith HO, Fraser CM, Venter JC.
(1997) The complete genome sequence of the gastric pathogen
Helicobacter pylori. Nature 388: 539-547.
178. Prevost G, Jaulhac B, Piemont Y (1992) DNA fingerprinting by
Pulse-Field Gel Electrophoresis is more effective than ribotyping
in distinguishing among methicillin-resistant
Staphylococcus
aureus isolates. J Clin Microbiol 30: 967-973.
179. Bihlmaier A, Romling U, Meyer TF, Tumler B, Gibbs CP (1991)
Physical and genetic map of Neisseria gonorrhoeae strain MSllN198 chromosome. Mol Microbiol 5: 2529-2539.

205

180. Sabarth N, Lamer S, Zimny-Arndt U, Jungblut PR, Meyer TF,
Bumann 0 (2002) Identification of surface proteins of
Helicobacter pylori by selective Biotinylation, affinity purification
and Two-dimensional
Gel electrophoresis. ] Bioi Chem 277:
27896-27902.
181. Ogura M, Perez JC, Mittl PRE, Lee H, Oailide 0, Tan S, Ito Y,
Secka 0, Oailidiene 0, Putty K, Berg DE, Kalia K (2007)
Helicobacter pylori Evolution: Lineage- Specific Adaptations in
Homologs of Eukaryotic Sell-Like Genes. PIoS Computational
Biology 3: e151.
182. Tanih NF, Ndip LM, Ndip RN (2011) DNA Sequence Analysis of
South African Helicobacter pylori Vacuolating Cytotoxin Gene
(vacA). International journal of molecular sciences 12: 74597468.
183. Bjorkholm B, Sjolund M, Falk PG, Berg OG, Engstrand L,
Andersson OI. (2001) Mutation frequency and biological cost of
antibiotic resistance in Helicobacter pylori. Proc Natl Acad Sci
USA 98: 14607-14612.
184. Salaun L, Linz B, Suerbaum S, Saunders NJ (2004) The diversity
within an expanded and redefined repertoire of phase-variable
genes in Helicobacter pylori. Microbiology 150: 817-830.
185. Falush D, Kraft C, Taylor NS, Correa P, Fox JG, Achtman M,
Suerbaum S. (2001) Recombination and mutation during longterm gastric colonization by Helicobacter pylori: estimates of
clock rates, recombination size and minimal age. Proc Natl Acad
Sci USA 98: 15056.
186. Kersulyte 0, Chalkauskas H, Berg DE. (1999) Emergence of
recombinant strains of Helicobacter pylori during human
infection. Mol Microbiol 31: 31-43
187. Hubble SP (2001) The unified theory of Biodiversity and
Biogeography,Princeton
University Press.
188. Velicer GJ, Lenski RE, Kroos L. (2002) Rescue of social motility
lost during evolution of Myxococcus xanthus in an asocial
environment. J Bacteriol 184: 2719-2727.
189. Zhu YL, Zheng S, Du Q, Qian KO, Fang PC. (2005)
Characterization of CagA variable region of Helicobacter pylori
isolates from Chinese patients. World J Gastroenterol 11: 880884.
190. Bagnoli F, Buti L, Tompkins L, Covacci A, Amieva MR. (2005)
Helicobacter pylori CagA induces a transition from polarized to
invasive phenotypes in MOCK cells .. Proceedings of the National
Academy of Science USA 102: 6339-16344.

206

191. Higashi H, Tsutsumi R, Fujita A, Yamazaki S, Asaka M, Azuma T,
Hatakeyama M. (2002) Biological activity of the Helicobacter
pylori virulence factor CagA is determined by variation in the
tyrosine phosphorylation sites. PNAS 99: 14428-14433.
192. Hsu PI, Hwang IR, Cittelly D, Lai KH, EI-Zimaity HM, Gutierrez 0,
Kim JG, Osato MS, Graham DY, Yamaoka Y. (2002) Clinical
presentation in relation to diversity within the Helicobacter pylori
cag pathogenicity island. Am J Gastroenterol 97: 2231-2238.
193. Tao R, Fang PC, Liu HY, Jiang VS, Chen J (2004) A new subtype
of 3' region of cagA gene in Helicobacter pylori strains isolated
from Zhejiang Province in China. China World J 10: 3284-3288.
194. Cover TL , Blaser MJ. (1992) Purification and characterization of
the vacuolating toxin from Helicobacter pylori. J bioi Chem 267:
10570-10575.
195. Gebert B, Fischer W, Haas R. (2004) The Helicobacter pylori
vacuolating cytotoxin: from cellular vacuolation to
immunosuppressive
activities. Rev Physiol Biochem Pharmacol
152: 205-220.Review.
196. Molinari M, Salio M, Galli C, Norais N, Rappuoli R, Lanzavecchia A,
Montecucco C. (1998) Selective inhibition of Ii-dependent
antigen presentation by Helicobacter pylori toxin VacA. J Exp
Med 187: 135-140.
197. van Doorn L, Figueiredo C, Rossau R, Jannes G, van Asbroeck M,
Sousa J, Carneiro F, Quint W (1998) Typing of Helicobacter
pylori vacA gene and detection of cagA gene by PCR and reverse
hybridization. J Clin Microbiol 36: 1271-1276.
198. Atherton JC, Cao P, Peek RM Jr, Tummuru MK, Blaser MJ, Cover
TL. (1995) Mosaicism in vacuolating cytotoxin allelesof
Helicobacter pylori. Associationof specific vacA types with
cytotoxin production and peptic ulceration. J Bioi Chem 270:
17771-17777.
199. ItoY, Azuma T, Ito S, Suto H, Miyaji H, Yamazaki Y, Kato T, Kohli
Y, Keida Y, Kuriyama M. (2000) Sequence analysis and clinical
significance of the iceA gene from Helicobacter pylori strains in
Japan. J Clin Microbiol 38: 483-488.
200. Shiota S, Watada M, Matsunari 0, Iwatani S, Suzuki R, Yamaoka
Y (2012) Helicobacter pylori iceA, clinical outcomes, and
correlation with cagA: a meta-analysis. PloS one 7: e30354. doi:
30310.31371.
201. Hussein NR, Argent RH, Marx CK, Patel SR, Robinson K , and
Atherton JC (2010) Helicobacter pylori dupA is polymorphic, and
its active form induces proinflammatory
cytokine secretion
bymononuclear cells. Journal of Infectious Diseases 202: 261269.
207

202. Penfold SS, Lastovica AJ, Elisha BG. (1988) Demonstrationof
plasmidsin Campylobacter pylori. J Infect Dis 157: 850-851.
203. Hofler C, Fischer W, Hofreuter D, Haas R. (2004) Cryptic
plasmldsln Helicobacter pylori: putative functionsin conjugative
transfer and microcin production. Int J Med Microbiol 294: 141148.
204. Hofreuter 0, Haas R. (2002) Characterization of two cryptic
Helicobacter pylori plasmids: a putative source for horizontal
gene transfer and geneshuffling. J Bacteriol 184: 2755-2766.
205. Yamaoka Y, Orito E, Mizokami M, Gutierrez 0, Saitou N, Kodama
T, Osato MS, Kim JG, Ramirez FC, Mahachai V, Graham DY
(2002) Helicobacter pylori in North and South America before
Columbus. FEBS Letters 517: 180-184.
206. Suerbaum 5, Achtman M. (2004) Helicobacter pylori:
recombination, population structure and human migrations. Int J
Med Microbiol 294: 133-139. Review.
207. Tay CV, Mitchell H, Dong Q, Goh KL, Dawes lW, Lan R (2009)
Population structure of Helicobacter pylori among ethnic groups
in Malaysia: recent acquisition of the bacterium by the .Malay
population. BMC Microbiology 9: 126
208. Moodley Y, Linz B, Yamaoka Y, Windsor HM, Breurec 5, Wu JY,
Maady A, Bernhoft 5, Thiberge JM, Phuanukoonnon 5, Jobb G,
Siba P, Graham DY, Marshall BJ, Achtman M. (2009) The
peopling of the Pacific from a bacterial perspective. Science 323:
527-530.
209. Holcombe C. (1992) Helicobacter pylori: The African enigma. Gut
33: 429-431.
210. Kersulyte D, Kalia A, Gilman RH, Mendez M, Herrera P, Cabrera L,
velapattn?o B, Balqui J, Paredes FP, Ulloa RCA, Cok J, Hooper
CC, Dailide G, Tamma 5, Berg DE (2010) Helicobacter pylori
from Peruvian Amerindians: Traces of Human Migrations in
Strains from Remote Amazon, and Genome Sequence of an
Amerind Strain. PIoS One 5: e15076
211. Devi SM, Ahmed I, Francalacci P, Hussain MA, Akhter Y, Alvi A,
Sechi LA, Megraud F, Ahmed N. (2007) Ancestral European
rootsof Helicobacter pylori in India. BMC Genomics 8: 184.
212. Wang C, Zhan 5, Dong Q. (2011) Clustering of helicobacter pylori
strains from gastric cancer. Helicobacter 16: 77-143.
213. Saunders NJ, Peden JF, Hood OW, Moxon ER (1998) Simple
sequence repeats in the Helicobacter pylori genome. Molec
Microbiol 27: 1091-1098.

208

214. Thompson LJ, Merrell DS, Neilan BA, Mitchell H, Lee A, Falkow S
(2003) Gene expression profiling of Helicobacter pylori reveals a
growth-phase-dependent
switch in virulence gene expression.
Infect Immun 71: 2643-2655.
215. De Boer W, Tytgat GNJ. (2000) Treatment of Helicobacter pylori
infection. BMJ 320: 31-34.
216. Me'graud F (2004) Recent advances in clinical practice H. pylori
antibiotic resistance: prevalence, importance, and advances in
testing. Gut 53: 1374-1384.
217. The European Helicobacter Pylori Study Group (EHPSG). (1997)
Current European concepts in the management of Helicobacter
pylori infection.The Maastricht Consensus Report. Gut 41: 8-13.
218. McNulty C, Owen R, Tompkins D, Hawtin P, McColl K, Price A,
Smith G, Teare L; PHLS Helicobacter Working Group (2002)
Helicobacter pylori susceptibility testing by disc diffusion. Journal
of Antimicrobial Chemotherapy 49: 601-609.
219. O'Connor JP, Taneike I, O'Morain C. (2009) Improving compliance
with helicobacter pylori eradication therapy: when and how?
Therap Adv Gastroenterol 2: 273-279.
220. Lwai-Lume L, Ogutu EO, Amayo EO, Kariuki S. (2005) Drug
susceptibility pattern of Helicobacter pylori in patients with
dyspepsia at the Kenyatta National Hospitla, Nairobi East African
Medical Journal 82: 603-608.
221. Smith SI, Oyedeji KS, Arigbabu AD, Atimomo C, Coker AD (2001)
High amoxycillin resistance in Helicobacter pylori isolated from
gastritis and peptic ulcer patients in Western Nigeria. Journal of
Gastroenterology
36: 67-68.
222. Jeong JY, Mukhopadhyay AK, Dailidiene D, Wang Y, Velapatlfic B,
Gilman RH, Parkinson AJ, Nair GB, Wong BC, Lam SK, Mistry R,
Segal I, Yuan Y, Gao H, Alarcon T, Brea ML, Ito Y, Kersulyte D,
Lee HK, Gong Y, Goodwin A, Hoffman PS, Berg DE. (2000)
Sequential inactivation of rdxA (HP0954) and frxA (HP0642)
nitroreductase genes causes moderate and high-level
metronidazole resistance in Helicobacter pylori. J Bacteriol 182:
5082-5090 ..
223. Albert TJ, Dailidiene D, Dailide G, Norton JE, Kalia A, Richmond
TA, Molla M, Singh J, Green RD, Berg DE. (2005) Mutation
discovery in bacterial genomes: metronidazole resistance in
Helicobacter pylori. Nat Methods 2: 951-953 ..
224. Jeong JY, Mukhopadhyay AK, Akada JK, Dailidiene D, Hoffman
PS, Berg DE. (2001) Roles of FrxA and RdxA nitroreductases of
Helicobacter pylori in susceptibility and resistance to
metronidazole. J Bacteriol 183: 5155-5162.

209

225. Sisson G, Jeong Jy, Goodwin A, Bryden L, Rossler N, LimMorrison S, Raudonikiene A, Berg DE, Hoffman PS (2000)
Metronidazole Activation Is Mutagenic and Causes DNA
Fragmentation in Helicobacter pylori and in Escherichia coli
Containing a Cloned H. pylori rdxA+ (Nitroreductase) Gene. J
Bacteriol 182: 5091-5096.
226. Rimbara E, Fischbach LA, Graham DY. (2011) Optimal therapy for
Helicobacter pylori infections. Nature Reviews Gastroenterology
and Hepatology 8: 79-88
227. Ables AZ, Simon I, Melton ER. (2007) Update on Helicobacter
pylori treatment. Am Fam Physician 75: 351-358.
228. Sherif M, Mohran Z, Fathy H, Rockabrand OM, Rozmajzl PJ,
Frenck RW (2004) Universal high-level primary metronidazole
resistance in Helicobacter pylori isolated from children in Egypt. J
Clin Microbiol 42: 4832-4834.
229. Tanih NF, Ndip LM, Ndip RN (2011) Characterisation of the genes
encoding resistanceto metronidazole (rdxA and frxA) and
clarithromycin (the 23S-rRNA genes) in South African isolates of
Helicobacter pylori. Ann Trop Med Parasitol 105: 251-259.
230. Raymond J, Burucoa C, Pietrini 0, Bergeret M, Decoster A, Wann
A, Dupont C, Kalach N. (2007) Clarithromycin resistance in H.
pylori strains isolated from French children: Prevalence of
different mutations and coexistence of clones harbouring two
different mutations in the same biopsy. Helicobacter.
2007; 12: 157-163. Helicobacter 12: 157-163.
231. Kim JM, Kim JS, Kim N, Kim YJ, Kim IY, Chee YJ, Lee CH, Jung
HC. (2008) Gene mutations of 23S rRNA associated with
clarithromycin resistance in Helicobacter pylori strains isolated
from Korean patients. Microbiol Biotechnol 18: 1584-1589.
232. Cabrita J, Oleastro M, Matos R, Manhente A, Cabral J, Barros R,
Lopes AI, Ramalho P, Neves BC, Guerreiro AS. (2000) Features
and trends in Helicobacter pylori antibiotic resistance in Lisbon
area, Portugal (1990-1999). J Antimicrob Chemother 46: 10291031.
233. Debets-Ossenkopp YJ, Herscheid AJ, Pot RG, Kuipers EJ, Kusters
JG, Vandenbroucke-Grauls
CM. (1999) Prevalence of
Helicobacter pylori resistance to metronidazole, clarithromycin,
amoxycillin, tetracycline and trovafloxacin in The Netherlands.
Journal of Antimicrobial Chemotherapy 43: 511-515.
234. Okamoto T, Yoshiyama H, Nakazawa T, Park ID, Chang MW,
Yanai H, Okita K, Shirai M. (2002) A change in PBPl is involved
in amoxicillin resistance of clinical isolates of Helicobacter pylori.
Antimicrob Chemother 50: 849-856.

210

235. Rimbara E, Noguchi N, Kawai T, Sasatsu M. (2008) Mutations in
penicillin-binding
proteins 1, 2 and 3 are responsible for
amoxicillin resistance in Helicobacter pylori. J Antimicrob
Chernother 61: 995-998 ..
236. Dailidiene 0, Bertoli MT, Miciuleviciene J, Mukhopadhyay AK,
Dailide G, Pascasio MA, Kupcinskas L, Berg DE (2002)
Emergence of Tetracycline Resistance in Helicobacter pylori:
multiple mutational changes in 165 ribosomal DNA and other
genetic loci. Antimicrobial Agents and Chemotherapy 46: 39403946.
237. Trieber CA, Taylor DE. (2002) Mutations in the 165 rRNA genes of
Helicobacter pylori mediate resistance to tetracycline. J Bacteriol
184: 2131-2140.
238. Prouzet-Nauleon V, Hussain MA, Lamouliatte H, Kauser F,
Megraud F, Ahmed N. (2005) Pathogen evolution in vivo:
genome dynamics of two isolates obtained 9 years apart from a
duodenal ulcer patient infected with a single Helicobacter pylori
strain. J Clin Microbiol 43: 4237-4241.
239. Selgrad M, Malfertheiner P (2008) New strategies for Helicobacter
pylori eradication. Curr Opin Pharmacol 8: 593-597.
240. Zaterka 5, Eisig IN, Chinzon 0, Rothstein W (2007) Factors
related to Helicobacter pylori prevalence in an adult population in
Brazil. Helicobacter 12: 82-88.
241. Del Giudice G, Malfertheiner P, Rappuoli R (2009) Development of
vaccines against Helicobacter pylori. Expert Rev Vaccines 8:
1037-1049.
242. Hickey OK, Aldwell FE, Tan ZY, Bao 5, Beagley KW (2009)
Transcutaneous immunization with novel lipid-based adjuvants
induces protection against gastric Helicobacter pylori infection.
vaccine 27: 6983-6990.
243. Malfertheiner P, Schultze V, Rosenkranz B, Kaufmann SH, Ulrichs
T, Novicki D, Norelli F, Contorni M, Peppoloni 5, Berti 0, Tornese
D, Ganju J, Palla E, Rappuoli R, Scharschmidt BF, Del Giudice G
(2008) Safety and Immunogenicity
of an Intramuscular
Helicobacter pylori Vaccine in Noninfected Volunteers: A Phase I
Study. Gastroenterol 135: 787-795.
244. Hoffelner H, Rieder G, Haas R (2008) Helicobacter pylori vaccine
development: optimisation of strategies and importance of
challenging strain and animal model. Int J Med Microbiol 298:
151-159.
245. MOiler A, Sol nick JV. (2011) Inflammation,
immunity, and vaccine
development for Helicobacter pylori. Helicobacter 16: 26-32.

211

246. Vitoriano I, Saraiva-Pava KD, Rocha-Goncalves A, Santos A,
Lopes AI, Oleastro M, Roxo-Rosa M (2011) Ulcerogenic
Helicobacter pylori strains isolated from children: a contribution
to get insight into the virulence of the bacteria. PloS one 6:
e26265.
247. Figueiredo L, Carvalho T, Cadete A, Vitoriano I, Vitor J, Gaspar M,
Roxo-Rosa M, Calado CCR, Almeida AJ, Goncalves LMD. (2011)
Novel vaccine against helicobacter pylori: the effect of the
delivery system. Helicobacter 16: 77-143.
248. Aebischera T, Walducka A, Schroedera J, Wehrensa A, Chijiokea
0, Schreiberb S, Meyer TF. (2008) A vaccine against
Helicobacter pylori: Towards understanding
the mechanism of
protection. International Journal of Medical Microbiology 298:
161-168.
249. Arora S, Czinn SJ. (2005) Vaccination as a Method of Preventing
Helicobacter pylori-Associated
Gastric Cancer. Cancer Epidemiol
Biomarkers Prev 14: 1890-1891.
250. Zhang S, Moise L, Moss SF. (2011) H. pylori vaccines: why we
still don't have any. Hum Vaccin 7: 1153-1157.
251. Thomas JE, Dale A, Bunn JEG , Harding M , Coward WA , Cole TJ ,
Weaver LT (2004) Early Helicobacter pylori colonisation: the
association with growth faltering in The Gambia. Arch Dis Child
89: 1149-1154.
252. Ho SA, Hoyle JA, Lewis FA, Secker AD, Cross D, Mapstone NP,
Dixon MF, Wyatt JI, Tompkins DS, Taylor GR, Philip Q (1991)
Direct Polymerase Chain Reaction Test for Detection of
Helicobacter pylori in Humans and Animals. J Clin Microbiol 29:
2543-2549.
253. Akada JK, Ogura K, Dailidiene D, Dailide G, Cheverud JM, Berg
DE. (2003) Helicobacter pylori tissue tropism: mouse-colonizing
strains can target different gastric niches. Microbiology 149:
1901-1909.
254. Akopyanz N, Bukanov NO, Westblom TU, Kresovich S, Berg DE.
(1992) DNA diversity among clinical isolates of Helicobacter
pylori detected by PCR-based RAPD fingerprinting.
Nucleic Acids
Res 20: 5137-5142.
255. Jolley KA, Feil EJ, Chan MS, Maiden MC. (2001) Sequence type
analysis and recombinational tests (START). Bioinformatics 17:
1230-1231.
256. Saitou M, Neimi N (1987) A new method for reconstructing
phylogenetic trees. Molecular Biology and Evolution 4: 406-425.
257. Falush D, Stephens M, Pritchard JK. (2003) Inference of
population structure using multilocus genotype data: linked loci
and correlated allele frequencies. Genetics 164: 1567-1587.
212

258. Chattopadhyay 5, Patra R, Ramamurthy T, Chowdhury A, Santra
A, Dhali GK, Bhattacharya SK, Berg DE, Nair GB, Mukhopadhyay
AK. (2004) Multiplex PCR Assay for Rapid Detection and
Genotyping of Helicobacter pylori Directly from Biopsy
Specimens. J Clin Microbiol 42: 2821-2824.
259. Lim CV, Lee KH, Cho MJ, Chang MW, Kim SY, Myong NH, Lee WK,
Rhee KH, Kook YH. (2003) Detection of Helicobacter pylori in
Gastric Mucosa of Patients with Gastroduodenal Diseases by
PCR-Restriction Analysis Using the RNA Polymerase Gene (rpoB).
J Clin Microbiol 41: 3387-3391.
260. Smith SI, Oyedeji KS, Arigbabu AD, Cantet F, Megraud F, Ojo
00, Uwaifo AD, Otegbayo JA, Ola SO, Coker AD (2004)
Comparison of three PCR methods for detection of Helicobacter
pylori DNA and detection of cagA gene in gastric biopsy
specimens. World J Gastroenterol 10: 1958-1960.
261. Thoreson AC, Borre M, Andersen LP, Jerqensen F, Kiilerich 5,
Scheibel J, Rath J, Krogfelt KA. (1999) Helicobacter pylori
detection in human biopsies: a competitive PCR assay with
internal control reveals false results. FEMS Immunology and
Medical Microbiology 24: 201-208.
262. Cardinali L A, Rocha GA, Rocha AMC, de Moura SB, Soares T,
Esteves AMB, Nogueira AMMF, Cabral MMDA, de Carvalho AST,
Bitencourt P, Ferreira A, Queiroz DMM. (2003) Evaluation of
[13C] urea breath test and Helicobacter pylori stool antigen
testfor diagnosis of H. pylori infection in children from a
developing country Clin Microbiol 41: 3334-3335.
263. Park CV, Kwak M, Gutierrez 0, Graham DY, Yamaoka Y. (2003)
Comparison of Genotyping Helicobacter pylori Directly from
Biopsy Specimens and Genotyping from Bacterial Cultures. J Clin
Microbiol 41: 3336-3338.
264. Kim VS, Kim N, Kim JM, Kim MS, Park JH, Lee MK, Lee DH, Kim
JS, Jung HC, Song JS (2009) Helicobacter pylori genotyping
findings from multiple cultured isolates and mucosal biopsy
specimens: strain diversities of Helicobacter pylori isolates in
individual hosts. Eur J Gastroenterol & Hepatol 21: 522-528.
265. Ren L, Liao YL, Song Y, Guo Y, Mao XH, Xie QH, Zhang WJ, Guo
G, Zou QM. (2012) High frequency variations of Helicobacter
pylori isolates in individual hosts in a Chinese population. Int J
Infect Dis 16: e358-363. doi: 310.1016.
266. Danon SJ, Luria BJ, Mankoski RE, Eaton KA. (1998) RFLP and
RAPD Analysis of In Vivo Genetic Interactions Between Strains of
Helicobacter pylori. Helicobacter 3: 254-259.

213

267. Yamaoka Y, Kodama Tadashi, Gutierrez 0, Kim J, Kashima K,
Graham D. (1999) Relationship between Helicobacter pylori iceA,
cagA, and vacA Status and Clinical Outcome: Studies in Four
Different Countries. J Clin Microbiol 1999; 37:7, 2274-2279. J
Clin Microbiol 37: 2274-2279.
268. Blaser M, Berg DE. (2001) Helicobacter pylori genetic diversity
and risk of human disease. J Clin Invest 107: 767-773.
269. Sugimoto M, Yamaoka Y (2009) The association of vacA genotype
and Helicobacter pylori-related disease in Latin American and
African populations. Clin Microbiol Infect 15: 835-842.
270. Rieder G, Fischer W, Haas R. (2005) Interaction of Helicobacter
pylori with host cells: function of secreted and translocated
molecules. Curr Opin Microbiol 8: 67-73.Review.
271. Boyanova L, Markovska R, Yordanov 0, Marina M, Ivanova K,
Panayotov 5, Gergova G, Mitov I. (2009) High prevalence of
virulent Helicobacter pylori strains in symptomatic Bulgarian
patients. Diagnostic Microbiology and Infectious Disease 64:
374-380
272. Matteo MJ, Granados G, Perez CV, Olmos M, Sanchez C; Catalano
M. (2007) Helicobacter pylori cag pathogenicity island genotype
diversity within the gastric niche of a single host. Journal of
Medical Microbiology 56: 664-669.
273. Miernyk K, Morris J, Bruden D, McMahon B, Hurlburt 0, Sacco F,
Parkinson A, Hennessy T, Bruce M (2011) Characterization of
Helicobacter pylori cagA and vacA Genotypes among Alaskans
and Their Correlation with Clinical Disease. J Clin Microbiol 49:
3114-3121.
274. Momynaliev K, Smirnova 0, Kudryavtseva L, Govorun V (2003)
Helicobacter pylori Genotypes in Russia. Eur J Clin Microbiol
Infect Dis 22: 573-574.
275. Ahmed N, Sechi LA. (2005) Helicobacter pylori and
gastroduodenal pathology: new threats of the old friend. Ann
Clin Microbiol Antimicrob 4: 1.
276. Owen RJ, Hurtado A, Banatvala N, Abdi Y, Davies GR, Feldman R,
Hardie JM. (1994) Conservation of the cytotoxin-associated
(cagA) gene of Helicobacter pylori and investigation of
association with vacuolating-cytotoxin
activity and
gastroduodenal disease. FEMS Immunol Med Microbiol 9: 307315.
277. Secka 0, Antonio M, Tapgun M, Berg DE, Bottomley C, Thomas V,
Walton R, Corrah T, Adegbola RA, Thomas JE. (2011) PCR-based
genotyping of Helicobacter pylori of Gambian children and adults
directly from biopsy specimens and bacterial cultures. Gut
Pathog 3: 5.
214

278. Ben Mansour K, Fendri C, Zribi M, Masmoudi A, Labbene M, Fillali
A, Ben Mami N, Najjar T, Meherzi A, Sfar T, Burucoa C. (2010)
Prevalence of Helicobacter pylori vacA, cagA, iceA and oipA
genotypes in Tunisian patients. Annals of Clinical Microbiology
and Antimicrobials 9: 10.
279. Kim JJ, Reddy R, Lee M, Kim JG, EI-Zaatari FA, Osato MS,
Graham DY, Kwon OH (2001) Analysis of metronidazole,
clarithromycin and tetracycline resistance of Helicobacter pylori
isolates from Korea. Journal of Antimicrobial Chemotherapy 47:
459-461.
280. Chen XJ, Van J, Shen YF (2005) Dominant cagA/vacA genotypes
and coinfection requency of H. pylori in peptic ulcer or chronic
gastritis patients in Zhejiang Province and correlations among
different genotypes, coinfection and severity of the diseases.
Chin Med J (Engl) 20: 460-467.
281. Nguyen LT, Uchida T, Murakami K, Fujioka T, Moriyama M (2008)
Helicobacter pylori virulence and the diversity of gastric cancer in
Asia. J Med Microbiol 57: 1445-1453.
282. Pan ZJ, Berg DE, van der Hulst RW, Su WW, Raudonikiene A, Xiao
SO, Dankert J, Tytgat GN, van der Ende A. (1998) Prevalence of
vacuolating cytotoxin production and distribution of distinct vacA
alleles in Helicobacter pylori from China. ] Infect Dis 178: 220226.
283. Breurec 5, Michel R, Seck A, Brisse 5, Come 0, Dieye FB, Garin
B, Huerre M, Mbengue M, Fall C, Sgouras ON, Thiberge JM, Dia
0, Raymond J. (2012) Clinical relevance of cagA and vacA gene
polymorphisms in Helicobacter pylori isolates from Senegalese
patients. Clin Microbiol Infect 18: 153-159.
284. Karlsson A, Ryberg A, Dehnoei MN, Borch K, Monstein HJ. (2012)
Association between cagA and vacA genotypes and pathogenesis
in a Helicobacter pylori infected population from South-eastern
Sweden. BMC Microbiol 12: 129. doi: 110.1186.
285. Tegtmeyer N, Zabler 0, Schmidt 0, Hartig R, Brandt 5, Backert S.
(2009) Importance of EGF receptor, HER2/Neu and Erkl/2
kinase signalling for host cell elongation and scattering induced
by the Helicobacter pylori CagA protein: antagonistic effects of
the vacuolating cytotoxin VacA. Cell Microbiol 11: 488-505.
286. Alam SI, Bansod 5, Singh L (2008) Immunization against
Clostridium perfringens cells elicits protection against Clostridium
tetani in mouse model: identification of cross-reactive proteins
using proteomic methodologies. BMC Microbiology 8: 194.

215

287. Berg S, Trollfors B, Persson E, Backhaus E, Larsson P, Ek E,
Claesson BE, Jonsson L, Radberg G, Johansson S, Ripa T, Kaltoft
MS, Konradsen HB (2006) Serotypes of Streptococcus
pneumoniae isolated from blood and cerebrospinal fluid related
to vaccine serotypes and to clinical characteristics. Scandinavian
Journal of Infectious Diseases 38: 427-432.
288. Panangala VS, Shoemaker CA, Klesius PH, Mitra A, Riccardo A.
(2009) Cross-protection elicited in channel catfish (lctalurus
punctatus Rafinesque) immunized with a low dose of virulent
Edwardsiella ictaluri strains. Aquaculture Research 40: 915-926.
289. Serge B, Boivin R, Menanteau P, Lantier F. (2002) Crossprotection of Salmonella abortusovis, S. choleraesuis, S. dublin
and S. gallinarum in mice induced by S. abortusovis and S.
gallinarum: bacteriology and humoral immune response Vet Res
33: 55-69.
290. Wang J, Blanchard TG, Ernst PB (2001) Host Inflammatory
Response to Infection. In: Mobley HLT MG, Hazell SL, editor.
Helicobacter pylori: Physiology and Genetics. Washington (DC):
ASM Press.
291. Cavalcante MQ, Silva Cl, Braga-Neto MB, Fialho AB, Nunes Fialho
A, Barbosa AM, Cruz FW, Rocha GA, Queiroz OM, Braga LL.
(2012) Helicobacter pylori vacA and cagA genotypes in patients
from northeastern Brazil with upper gastrointestinal diseases.
Mem Inst Oswaldo Cruz 107: 561-563.
292. Figueiredo C, Van Doorn U, Nogueira C, Soares JM, Pinho C,
Figueira P, Quint WGV, Carneiro F. (2001) Helicobacter pylori
Genotypes Are Associated with Clinical Outcome in Portuguese
Patients and Show a High Prevalence of Infections with Multiple
Strains. Scandinavian Journal of Gastroenterology 36: 128-135.
293. Palacios G, Hornig M, Cisterna 0, Savji N, Bussetti AV, Kapoor V,
HuiJ, Tokarz R, Briese T, Baumeister E, Lipkin WI. (2009)
Streptococcus pneumoniae Coinfection Is Correlated with the
Severity of H1Nl Pandemic Influenza. PloS One 4: E8540.
294. Soto G, Bautista CT, Roth DE, Gilman RH, Velapatifio B, Ogura M,
Dailide G, Razuri M, Meza R, Katz U, Monath TP, Berg DE, Taylor
ON ; Gastrointestinal
Physiology Working Group in Peru. (2003)
Helicobacter pylori reinfection is common in Peruvian adults after
antibiotic eradication therapy. J Infect Dis 188 1263-1275.
295. Blaser MJ (1998) Helicobacter pylori and gastric diseases. BMJ
316: 1507-1510.
296. Isaacson G, Du MQ (2005) Gastrointestinal lymphoma: where
morphology meets molecular biology. Journal of Pathology 205:
255-274.

216

297. Perry S, de Jong BC, Solnick JV, de la Luz Sanchez M, Yang S, Lin
PL, Hansen LM, Talat N, Hill PC, Hussain R, Adegbola RA, Flynn J,
Canfield D, Parsonnet J. (2010) Infection with Helicobacter pylori
is associated with protection against tuberculosis. PLoS One 5:
e8804.
298. Weyermann M, Rothenbacher D, Brenner H. (2009) Acquisition of
Helicobacter pylori infection in early childhood: independent
contributions of infected mothers, fathers, and siblings. Am J
Gastroenterol 104: 182-189.
299. Everhart JE, Kruszon-Moran D, Perez-Perez GI, Tralka TS and
McQuillan G. (2000) Seroprevalence and ethnic differences in
Helicobacter pyloriinfection among adults in the United States. J
Infect Dis 181: 1359-1363.
300. Norazah A, Rasinah WZ, Zaili Z, Aminuddin A, Ramelah M (2009)
Analysis of PCR-RAPD DNA and antibiotic susceptibility profiles of
antrum and corpus isolates of Helicobacter pylori from Malaysian
patients. Malays J Pathol 31: 29-34.
301. Suerbaum S, Smith JM, Bapumia K, Morelli G, Smith NH,
Kunstmann E, Dyrek I, Achtman M (1998) Free recombination
within Helicobacter pylori. Proc Natl Acad Sci USA 95: 1261912624.
302. McNulty SL, Mole BM, Dailidiene D, Segal S, Ally R, Mistry R,
Secka 0, Adegbola RA, Thomas JE, Lenarcic EM, Peek RM Jr,
Berg DE, Forsyth MH (2004) Novel 180- and 480-Base-Pair
Insertions in African and African-American Strains of
Helicobacter pylori. J Clin Microbiol 42: 5658-5663
303. Kersulyte 0, Mukhopadhyay AK, Velapatifio B, Su W, Pan Z,
Garcia C, Hernandez V, Valdez Y, Mistry RS, Gilman RH, Yuan Y,
Gao H, Alarcon T, Lopez-Brea M, Balakrish Nair G, Chowdhury A,
Datta S, Shirai M, Nakazawa T, Ally R, Segal I, Wong BC, Lam
SK, Olfat FO, Boren T, Engstrand L, Torres 0, Schneider R,
Thomas JE, Czinn S, Berg DE. (2000) Differences in Genotypes
of Helicobacter pylori from Different Human Populations. J
Bacteriol 182: 3210-3218.
304. Shoup JA (2011) Ethnic groups of Africa and the Middle East, an
Encyclopaedia.
305. Dunn BE, Cohen H, Blaser MJ. (1997) Helicobacter pylori. Clin
Microbiol Rev 10: 720-741.
306. Herrera PM, Mendez M, Velapatifio B, Santivafiez L, Balqui J,
Finger SA, Sherman J, Zimic M, Cabrera L, Watanabe J,
Rodriguez C, Gilman RH, Berg DE. (2008) DNA-level diversity
and relatedness of Helicobacter pylori strains in shantytown
families in Peru and transmission in a developing-country
setting. J Clin Microbiol 46: 3912-3918.
217

307. Versalovic J, Shortridge 0, Kibler K, Griffy MV, Beyer J, Flamm
RK, Tanaka SK, Graham DY, Go MF. (1996) Mutations in 23S
rRNA are associated with clarithromycin resistance in
Helicobacter pylori. Antimicrob Agents Chemother 40: 477-480.
308. Bruce MG, Bruden DL, McMahon BJ, Hennessy TW, Reasonover A,
Morris J, Hurlburt DA, Peters H, Sacco F, Martinez P, Swenson M,
Berg DE, Parks 0, Parkinson AJ. (2006) Alaska sentinel
surveillance for antimicrobial resistance in Helicobacter pylori
isolates from Alaska native persons, 1999-2003. Helicobacter
11: 581-588.
309. Dore MP, Graham DV, Sepulveda AR. (1999) Different penicillinbinding protein profiles in amoxicillin-resistant
Helicobacter
pylori. Helicobacter 4: 154-161.
310. Gerrits MM, Schuijffel 0, van Zwet AA, Kuipers EJ,
Vandenbroucke-Grauls
CM, Kusters JG. (2002) Alterations in
penicillin-binding
protein lA confer resistance to beta-Iactam
antibiotics in Helicobacter pylori. Antimicrob Agents Chemother
46: 2229-2233.
311. Paul R, Postius S, Melchers K, Schafer KP. (2001) Mutations of
the Helicobacter pylori genes rdxA and pbpl cause resistance
against metronidazole and amoxicillin. Antimicrob Agents
Chemother 45: 962-965.
312. Qureshi NN, Morikis 0, Schiller NL. (2011) Contribution of specific
amino acid changes in penicillin binding protein 1 to amoxicillin
resistance in clinical Helicobacter pylori isolates. Antimicrob
Agents Chemother 55: 101-109.
313. Martfnez-Julvez M, Rojas AL, Olekhnovich I, Angarica VE,
Hoffman PS, Sancho J. (2012) Structure of RdxA: an oxygen
insensitive nitroreductase essential for metronidazole activation
in Helicobacter pylori. FEBS J 2012 Dec;279 (23):4306-17.
314. Choi SS, Chivers PT, Berg DE. (2011) Point mutations in
Helicobacter pylori's fur regulatory gene that alter resistance to
metronidazole, a prodrug activated by chemical reduction. PLoS
One 6: e18236.
315. Lin EA, Zhang XS, Levine SM, Gill SR, Falush 0, Blaser MJ. (2009)
Natural transformation
of helicobacter pylori involves the
integration of short DNA fragments interrupted by gaps of
variable size. PLoS Pathog 5: el000337.
316. Holcombe C. (1992) Helicobacter pylori: The African enigma. Gut
33: 429-431.
317. Seck A, Burucoa C, Dia 0, Mbengue M, Onambele M, Raymond J,
Breurec S (2013) Primary antibiotic resistance and associated
mechanisms in Helicobacter pylori isolates from Senegalese
patients. Ann Clin Microbiol Antimicrob 12: 3.
218

318. Seck A, Mbengue M, Gassama-Sow A, Diouf L, Ka MM, Boye CS
(2009) Antibiotic susceptibility of Helicobacter pylori isolates in
Dakar, Senegal. J Infect Developing Countries 3: 137-140.
319. Eisig IN, Silva FM, Barbuti RC, Navarro-Rodriguez T, Moraes-Filho
JP, Pedrazzoli Jr J. (2011) Helicobacter pylori antibiotic
resistance in Brazil: clarithromycin is still a good option. Arq
Gastroenterol 48: 261-264.
320. Goodwin A, Kersulyte 0, Sisson G, Veldhuyzen van Zanten SJ,
Berg DE, Hoffman PS. (1998) Metronidazole resistance in
Helicobacter pylori is due to null mutations in a gene (rdxA) that
encodes an oxygen-insensitive
NADPH nitroreductase. Mol
Microbiol 28: 383-393.
321. Chisholm SA, Owen RJ. (2003) Mutations in Helicobacter pylori
rdxA gene sequences may not contribute to metronidazole
resistance. J Antimicrob Chemother 51: 995-999.
322. Kwon OH, Hulten K, Kato M, Kim JJ, Lee M, EI-Zaatari FA, Osato
MS, Graham DY. (2001) DNA sequence analysis of rdxA and frxA
from 12 pairs of metronidazole-sensitive
and -resistant clinical
Helicobacter pylori isolates. Antimicrob Agents Chemother 45:

2609-2615.
323. Ben Mansour K, Burucoa C, Zribi M, Masmoudi A, Karoui 5, Kallel
L, Chouaib 5, Matri 5, Fekih M, Zarrouk 5, Labbene M, Boubaker
J, Cheikh I, Ben Hriz M, Siala N, Ayad A, Filali A, Ben Mami N,
Najjar A, Maherzi A, Tahar Sfar M, Fendri C. (2010) Primary
resistance to clarithromycin,
metronidazole and amoxicillin of
Helicobacter pylori isolated from Tunisian patients with peptic
ulcers and gastritis: a prospective multicentre study. Annals of
Clinical Microbiology and Antimicrobials 9.
324. Sezgin 0, Asian G, Altintas E, Tezcan 5, Serin MS, Emekda~ G.
(2008) Detection of point mutations on 235 rRNA of Helicobacter
pylori and resistance to clarithromycin with PCR-RFLP in gastric
biopsy specimens in Mersin, Turkey. Turk J Gastroenterol 19:

163-167.
325. Tagliabue C, Techasaensiri

C, Torres JP, Katz K, Meek C, Kannan
TR, Coalson JJ, Esposito 5, Principi N, Leff R, Baseman JB, Hardy
RD. (2011) Efficacy of increasing dosages of clarithromycin for
treatment of experimental Mycoplasma pneumoniae pneumonia.
J Antimicrob Chemother 66: 2323-2329.
326. Osato MS, Reddy R, Reddy SG, Penland RL, Malaty HM, Graham
DY. (2001) Pattern of primary resistance of Helicobacter pylori to
metronidazole or clarithromycin in the United States .. Arch
Intern Med 161: 1217-1220.

219

327. Marie MA (2012) Relationship between Helicobacter pylori
virulence genes and clinical outcomes in Saudi patients. Journal
of Korean medical science 27: 190-193.
328. Saxena A, Shukla S, Prasad KN, Ghoshal UC. (2011) Virulence
attributes of Helicobacter pylori isolates & their association with
gastroduodenal disease. The Indian journal of medical research

133: 514-520.
329. Watada M, Shiota S, Matsunari 0, Suzuki R, Murakami K, Fujioka
T, Yamaoka Y. (2011) Association between Helicobacter pylori
cagA-related genes and clinical outcomes in Colombia and Japan.
BMC gastroenterology
11: 141.
330. Crew KO, Neugut AI. (2006) Epidemiology of gastric cancer.
World J Gastroenterol 12: 354-362. Review.
331. Arismendi-Morillo G, Hernandez i, Mengual E, Fuenmayor A,
Romero G, Llzarzabal M. (2011) Comparison of three methods
based on endoscopic gastric biopsies for diagnosis of
Hellcobacter pylori active infection in a clinical setting. Arquivos
de gastroenterologia
48: 190-194.
332. lehours P, Siffre E, Megraud F (2011) OPO multiplex PCR as an
alternative to culture and susceptibility testing to detect
Helicobacter pylori and its resistance to clarithromycin.
BMC
gastroenterology
11: 112.
333. Alakkari A, O'Connor A, O'Morain C (2011) High incidence of
microscopic gastric intestinal metaplasia in patients with
endoscopically normal stomach in a low prevalence gastric
cancer region. Helicobacter 16: 77-143.
334. McClain MS, Shaffer Cl, Israel OA, Peek RM Jr, Cover TL. (2009)
Genome sequence analysis of Helicobacter pylori strains
associated with gastric ulceration and gastric cancer. BMC
Genomics 10: 3.
335. Oleastro M, Monteiro l, lehours P, Megraud F, Menard A (2006)
Identification of markers for Helicobacter pylori strains isolated
from children with peptic ulcer disease by suppressive
subtractive hybridization. Infect Immun 74: 4064-4074.
336. Chen Y, Zhang W, Knabel SJ (2005) Multi-virulence-Iocus
sequence typing clarifies epidemiology of recent listeriosis
outbreaks in the United States. J Clin Microbiol 43: 5291-5294.

220

Chapter 11 Appendix A - Study approvals

DMID IRS Approval Certification
Purpose
A completed and signed IRS Approval Certification form certifies that the documents
listed in section III were submitted and approved by the IRS listed In section II and does not
replace a valid IRS approval letter or stamped informed consent form.
COMPLETION
INSTRUCTIONS
1 Provide information requested In sections I, II and III.
: 2 The Srte Prindpal Investigator must review, hand sign and date the completed form.
'3 Please read carefully. If any information is incorrect, please contact the PPD-CTM Essential
Documents group at email address: dmidregdoc.distribution@wilm.ppdl.com.
'4
"ax the completed, signed and dated form to FAX (919) 654-4665 or send as an attachment to
i

th~.~~.~~I._a.~_~:~.S..s~_.d.mi.ct.Ee8~"'E
.<1.Is~r.i~~tic>n..@~ill!,l.PP.ct.I
...c?m •....
I. GENERAL

INFORMATION:

DMID Protocol
Full Protocol

Number:

06-0053

Title:

Genotypes
Adults:

of Helicobacter

Part 1: The Development
Techniques for Obtaining
in The Gambia
Site Principal
II.

Investigator.

IRSI1EC INFORMATION:
IRSIIEC Name·

III.

pylori in West African

Children

and

and Evaluation of Minimally Invasive
H. pylon'lsolates
from Adults and Children

Prof Richard A Adegbola
Please complete

The Gambian

one form for each IRS/IEC,

GovernmenVMRC

if applicable.

Elhics Committee

DOCUMENT INFORMATION:
Provide a complete list of the IRS appnoved documents, including
version number andlor date with corresponding
approval date. Examples of document types:
protocol, protocol amendments
and 'protocol-associated'
documents, such as the informed
consent form. study advertisements,
or written information given to study subjects.
Document(s)

I

Submitted

06-0053

Pnotocol Number
Information

sheet

Information

sheet and Consent

and Conse_r:!!_forrn (Adults)_ __ ._
form (Children)

PI Signature

Version Number
andlor Version Date

IRS/IEC
Approval

_1, 1.9 March 2007

April 27'" 2007

1. 19 March 2007

April 27" 2007

1, 19 March 2007

April 27" 2007

Date

Date

Richard A Adegbola
PI Name (please

print)

DMIO IRS Approval Certification Form

vs 0 dated 09-Apr-08
Page 1 of 1

221

. )..: ", """1'
. Medical:.
.;\~;..,.,
,.

<M'l:" [),

. "C
4.:,·,"\

J

z" April

Scientific Coordinating Committee
Medical Research Council Laboratories Fajnra
Tel (220) 4494564/4496715
FAX (220) 44965 J 3/4494498
Email: scc@mrc.gm
Website (intranet): \\open.mrc.gmlscclhome.asp

Research
Council',
,.

'''<I,f

2007

Dr Richard Adegbola
MRC
Fajara

Dear Richard
RE: L2007.23· 19" March Z007. Genotypes of Helicebacter pylori in West African children and
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Thank you for your letter which was considered at the recent SCC meeting on April 7'". As the
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Chapter 12 Appendix B - Information
Bi -Adult

information

sheets and consent forms

sheet

DMID Protocol 06-0053 (Part 1) Appendix A: Information
Version 1.0 19 March 2007

Sheets

Medical Research Council Laboratories

Genotypes of Helicobacter pylori in West African children and
adults
Research study information

sheet for adults

Your illness is suggestive of a disease that is caused by infection with a
bacterial germ called Helicobacter pylori. This infection results in
damage to the lining of your gut and this leads to the pain that you
are experiencing. Your doctor will like to examine the lining of your gut
to investigate the cause of your illness by passing a scope into your
gut in order to decide which is the appropriate treatment for your
illness. This test is called an endoscopy. In addition to your doctor's
examination, we would like to study this problem in a research study
to help us to develop better ways of caring for people who are infected
and are sick. This research project will be studying a germ called
Helicobacter pylori. The results of our findings will be available for the
use of your doctor at the MRC ward.
Infection with this germ can be treated. If you are found to have this
infection and signs of disease, you will be given antibiotic treatment
that normally kills the germ.
When you have your endoscopy test, the doctor will take some tiny
pieces of tissue (about 10 to 14 mg), called biopsies, from your
stomach to see if this germ is present. If the germ is detected, the
doctor will arrange for you to have appropriate treatment. We will also
squirt a small amount of liquid (2-5 mL or a teaspoonful) down the
endoscope, with a syringe and suck this back with a syringe to look for
the germ. This process will not cause you any extra health risk.
We hope that up to 75 adults and 20 children who have endoscopy
tests here at the MRC ward will join this study this year. All
information collected as part of this study will remain confidential and
can only be seen by scientists and doctors working on the study, the
ethical review board and by representatives of the study sponsor.
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If we detect the germ in your stomach, then we will store samples for
future studies in The Gambia and overseas.
You should-not participate in this study if you have a history of serious
organ disease or have a history of bleeding problems.
You are free to decide whether or not you will participate in this study
or not. If you decide not to participate in this study, this will not affect
the standard of clinical care that you would normally receive. Your
attending physician will continue to treat you even if you decide not to
participate in this study. There will be no compensation for you for
participating in the study and it will be done at no extra costs to you.
If the results of the study are written up for publication your identity
will remain confidential.
This study is sponsored by USA National Institute of Allergy and
Infectious Diseases (NIAID).
The Joint Gambia Government and MRC Ethics Review Board can
review the subject records whenever required.
You may ask any questions that you have. Further information can be
sought from Dr. Corrah (who is also a member of the Ethics Review
Board, and can answer any questions you might have about your
rights and the way in which this study is being conducted) and Sr.
Vivat Thomas. We hope that you will agree to participate in this study
and thank you very much for your cooperation.
I further agree that specimens obtained from me for research
purposes may be kept for further study of bacterial infections at some
future date.
Do you have any questions?
Contact for further information:
Dr. Tumani Corrah
MRC Laboratories, Fajara
Banjul, The Gambia
Phone (+220) 4495442
Email: tcorrah@mrc.gm

Dr. Richard A. Adegbola
MRC Laboratories, Fajara
Banjul, The Gambia
Phone (+220) 4494491
Email: radegbola@mrc.gm

Sr. Vivat Thomas
MRC Wards, Fajara
POBox 273, The Gambia, Phone (+220) 4497114
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Bii - Adult consent form
Medical Research Council Laboratories
Genotypes of Helicobacter pylori in West African children and
adults
Consent Form for Adults
The information sheet has been explained to me and I understand it or
I have read and understood the information sheet.
I understand what participation in this study means to me.
I understand the information regarding me in the course of this study
will remain confidential.
I understand that laboratory tests will be done tissues and fluid that I
will provide and that, parts of these will be stored for further tests at
Fajara and abroad.
I understand that I am free to take part in this study or refuse and
that I can withdraw from the study at any time. If I decide to withdraw
from the study I understand that this will not in any way affect the
standard of clinical care I would normally receive.
I have asked all the questions that I wanted to ask and they have
been answered to my satisfaction.
I further agree that specimens may be kept for further study at some
future date
I agree to take part in the study.
Signature or thumbprint

of participant:

-----------------------------------

This form has been read by/I have read and explain the form to (write
name of participant) in a language that s/he understands. I believe
that s/he has understood what I explained and that s/he has freely
agreed to participate in the study.
Signature of field worker: -------------------------------------------------Name and code of field worker--------------------------------------------Date: 1_1_1/1_1_111_1_1_1_1

I have witnessed that this form has been read and explained to (write
name of participant) in a language that s/he understands. I believe
that s/he has understood what has been explained and that s/he has
freely agreed to participate in the study.
Sig natu re of witness: ------------------------------------------------------Name of witness-----------------------------------------------------------Date:

1_1_111_1_1/1_1_1_1_1
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Biii - Children information

sheet

DMID Protocol 06-0053 (Part 1) Appendix A: Information SheetsVersion 1.0
19 March 2007
Medical Research Council Laboratories
Genotypes of Helicobacter pylori in West African children and
adults
Study participant information sheet
Your child has severe malnutrition and is not growing well as other
children. An important cause of this problem is bacterial infections that
cause damage to the gut. This causes the child to be sick and not
absorb food well. We would like to study this problem to help us
develop special treatments that may be necessary to heal the gut and
help the child to grow better.
To know this we will need to examine your child's gut for infections. To
do this we will look at the gut with a special camera and also take fluid
and very small pieces of tissue from the gut lining. Your child will be
asleep throughout this examination. This has been done many times
before to other children with severe malnutrition and there have been
no problems with the procedure.
If your child gets sick at any time, your child can receive medical
treatment at the MRC Fajara Ward and the Royal Victoria Teaching
Hospital.
You are free to decide whether or not your child will participate in this
study. You may ask any questions that you have. Further information
can be sought from Dr. Corrah and Sr. Vivat Thomas. We hope that
you will agree that your child will participate in this study and thank
you very much for your cooperation.
Do you have any questions?
Contact for further information:
Dr. Tumani Corrah
MRC Laboratories, Fajara
Banjul, The Gambia
Phone (+220) 4495442
Email: tcorrah@mrc.gm

Dr. Richard A. Adegbola
MRC Laboratories, Fajara
Banjul, The Gambia
Phone (+220) 4494491
Email: radegbola@mrc.gm

Sr. Vivat Thomas
MRC Wards, Fajara
POBox 273, The Gambia Phone (+220) 4497114
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Biv - Children consent form
Medical Research Council Laboratories
Genotypes of Helicobacter pylori in West African children and
adults
Consent Form for Parents
The information sheet has been explained to me and I understand it or
I have read and understood the information sheet.
I understand what participation in this study means to me and my
child.
I understand the information regarding me in the course of this study
will remain confidential.
I understand that laboratory tests will be done on tissues and fluid that
my child will provide and that, parts of these will be stored for further
tests at Fajara and abroad.
I understand that we are free to take part in this study or refuse and
that I can withdraw from the study at any time. If I decide to withdraw
from the study I understand that this will not in any way affect the
standard of clinical care that my child would normally receive.
I have asked all the questions that I wanted to ask and they have
been answered to my satisfaction.
I further agree that specimens may be kept for further study at some
future date
I agree my child taking part in the study.
Signature

or thumbprint

of parent:

Name of Child: ---------

---------------------------------------

This form has been read by/I have read and explain the form to (write
name of parent) in a language that s/he understands. I believe that
s/he has understood what I explained and that s/he has freely agreed
for his/her child to participate in the study.
Signature

of field worker: --------------------------------------------------

Name and code of field worker--------------------------------------------Date:

1_1_1/1_1_1/1_1_1_1_1
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I have witnessed that this form has been read and explained to (write
name of parent) in a language that s/he understands. I believe that
s/he has understood what has been explained and that s/he has freely
agreed for his/her child to participate in the study.
Signature of witness: ------------------------------------------------------Name of witness-----------------------------------------------------------Date:

1_1_1/1_1_1/1_1_1_1_1
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Chapter 13 Appendix C - GCP/GCLP training and certificates
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\

Completion Certificate
·1hi, i, to certify that
Julian

Thomas

has completed the Human Participnnts
Protection Education for Research Teams
online course. sponsored by the National Institutes of Health (NIH). on 0712912004.
This course included the following:

key historical events and current issues that impact guidelines and legislation
on human participant protection in research.
ethical principles and guidelines that should assist in resolving the ethical
issues inherent in the conduct of research with human participants.
the usc of key ethical principles and federal regulations to protect human
participants at various stages in the research process.
a description of guidelines for the protection of special populations in
research.
a definition of informed consent lind c.OI11Pnents necessary for a valid
consent.
a description of the role of the IRB in the research process.
the roles, responsibilities. and interactions of red era I agencies. institutions, and
researchers in conducting research with human participants.

National Institutes of Health
b11p:illl WI, .nih.l2o\'
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\

Completion Certificate

----,_,--

-------,

This i> to certify that

Juli:1II Thomas
ha_ completed the Human

Partlclpants

Protection

Eductnion

for Research

TI!~HI1S

online course, sponsored by the National Institutes of Health (NTH), on 07/2912004,
This cours

in luded the following:

key historical vents lind current issues that impact guidelines and legislat.ion
on human pantclpamprotectlon
in research.

•

ethical principles and guidelines that hould assist in resolving tbcethical

•

the use of key ethical principl and federal regulations to protect human
participants at various stages ill the research process,
n description of guidelines for the protection of'speetal POPUI,ltiOl1f> in
research.

•

a definition of informed consent lind components ne .essary for a ,'slid
con cm.
a descript ion of the role of the IRS in the research process,
the roles, responsiblliries, andinteractions of federa! agencies, institutions. and

issues inherent in the conduct of research with human participants.

•

researcher

in conducting research with human participants.

or

National Institutes
Health
ht' !\\,w\\.nill._gru;
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OIlSR

Page 1 of 1

Certificate of Completion
The NIH Office of Clinical Research Training and Medical Education certifies
that Ousman Secka completed the computer-based Clinical Research
Training course.
Completion Date: 10/15/2007

http://\v\,w.nihtraining.com/CI1pub

_508/certify.hunJ?kiUycache=854352&userlD=seck74...
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TRAINING ON THE PROTECTION OF HUMAN SUBJECTS IN CLINICAL
RESEARCH: DMID/PPD- Essential Documents Collection and Submission
Process CD package
Protocol

Number: 06-0053

Protocol title: Genotypes of Helicobacter pylori in West African children and adults:
Pan I: The development and evaluation of a minimally invasive technique for obtaining
H pylori isolates from adults and children in The Gambia
Topics:
~ History and Ethics of Clinical Research
• Investigator Responsibilities
• Informed Consent
• Ethics committees

This is to confirm that I have received training on the above topics.
No
1

Name
Or. Ma

2
3
4
5
6
7

Ousman Secka
Recard Richards
Buba Camara
Estina Luc Thomas
Kutub Hydara

Nurse
Nurse
Laboratory Technician

Signature PJ. ..~~[~

Date: ..
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Chapter 14 Appendix D - Media preparations
Di - Preparations of antibiotic stock solutions
1. Trimethoprim*
(Sllg/ml = SOOOllg/1000ml

=

Smg/L)

To make 20ml stock solution
i. SX20 000 = 100 0001lg/20ml = 100mg/20mls
ii. Therefore lml = 100 000 X 1 = SOOOllg/ml = Srnq/rnl of stock
20
iii. lml of stock to 1000ml = Sllg/ml

2. Vancomycin
(6Ilg/ml = 6000llg/1000ml

= 6mg/L)

To make 20ml stock solution
i. 6X20 000 = 120 0001lg/20ml = 120mg/20mls
ii. Therefore lml = 120 000 X 1 = 6000llg/ml = 6mg/ml of stock
20
iii. lml of stock to 1000ml = 6llg/ml
3. Polymixin B
(lOllg/ml = 100001lg/1000ml

=

10mg/L)

To make 20ml stock solution
i. 10X20 000 = 200 0001lg/20ml = 200mg/20mls
ii. Therefore lml = 200 000 X 1 = 10 OOOllg/ml = 10mg/ml of stock
20
iii. lml of stock to 1000ml = lOllg/ml
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4. Bacitracin
(200llg/ml = 200 0001lg/1000ml = 200mg/L)
To make' 20ml stock solution
i. 200X20 000 = 4000 0001lg/20ml = 4000mg/20mls = 4g/20ml
ii. Therefore lml = 4000000 X 1 =200 OOOllg/ml = 200mg/ml of
stock
20
iii. lml of stock to 1000ml = 200llg/ml

5. Nalidixic acid
(lOllg/ml = 100001l9/1000ml = 10mg/L)
To make 20ml stock solution
i. 10X20 000 = 200 0001lg/20ml = 200mg/20mls
ii. Therefore lml = 200 000 X 1 = 10 OOOllg/ml = 10mg/ml of stock
20
iii. lml of stock to 1000ml = lOllg/ml
6. Amphotericin B
(8Ilg/ml = 80001l9/1000ml = 8mg/L)
To make 20ml stock solution
i. 8X20 000 = 160 0001lg/20ml = 160mg/20mls
ii. Therefore lml = 160 000 X 1 = 80001lg/ml = 8mg/ml of stock
20
iii. lml of stock to 1000ml = 8llg/ml
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7. Amoxicillin, Clarithromycin, Erythromycin and
Tetracycline
(2Ilg/ml.= 20001l9/1000ml = 2mg/L
To make 20m I stock solution
iv. 2X20 000 = 40 0001lg/20ml = 40mg/20mls
v. Therefore 1ml = 40 000 X 1 = 2000llg/ml = 2mg/ml of stock
20
vi. 1ml of stock to 1000ml = 2llg/ml

8. Metronidazole
(8Ilg/ml = 80001lg/1000ml = 8mg/L)
To make 20ml stock solution
vii.
8X20 000 = 160 0001lg/20ml = 160mg/20mls
viii.
Therefore 1ml = 160 000 X 1 = 8000llg/ml = 8mg/ml of
stock
20
ix. 1ml of stock to 1000ml = 8llg/ml

*NB: Trimethroprim

is first dissolved in Ethanol
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Dii - Ordinary H. pylori media for subculturing & antibiotic
susceptibility
1. Weigh '39g of Columbia agar (Unipath; Cat no CM331B) powder
2. Suspend in 900mls of distilled water and mix gently to dissolve.
3. Sterilize by autoclaving at 121°C for lSmins
4. Cool to 55°C in cooling water bath
S. Add 20mls of 2% vitox (Unipath; Cat no SR090A) and mix
6. Add 100ml Laked Horse blood (Unipath; cat No SR0048C) and
mix.
7. Pour 20mls of media in single compartment petridish and allow
to set.
8. Flame, label and store in plastic bag at +4°C until use.
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Diii - Selective Columbia blood agar media
1. Weigh 39g of Columbia agar (Unipath; Cat no CM331B) powder
2. Suspend in 900mls of distilled water and mix gently to dissolve.
3. Sterilize by autoclaving at 121°C for 15mins
4. Cool to 55°C in cooling water bath
5. Add 20mls of 2% vitox (Unipath; Cat no SR090A) and mix
6. Add 1ml of the following antibiotics: Trimethoprim

(5/-lg/ml),

Vancomycin (6/-lg/ml), Polymixin B (10/-lg/ml), Bacitracin
(200/-lg/ml), Nalidixic acid (10/-lg/ml), Amphotericin B (8/-lg/ml).
7. Add 100ml Laked Horse blood (Unipath; cat No SR0048C) and
mix.
8. Pour 20mls of media in single compartment petri-dish and allow
to set.
9. Flame, label and store in plastic bag at +8°C until use.
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Div- Semi-Selective

Columbia blood agar media

1. Weigh 39g of Columbia agar (Unipath; Cat no CM331B) powder
2. Suspend in 900mls of distilled water and mix gently to dissolve.
3. Sterilize by autoclaving at 121°C for 15mins
4. Cool to 55°C in cooling water bath
5. Add 20mls of 2% vitox (Unipath; Cat no SR090A) and mix
6. Add Iml of the following antibiotics: Trimethoprim

(5J.lg/ml),

Vancomycin (6J.lg/ml), Amphotericin B (8J.lg/ml).
7. Add 100ml Laked Horse blood (Unipath; cat No SR0048C) and
mix.
8. Pour 20mls of media in single compartment petri-dish and allow
to set.
9. Flame, label and store in plastic bag at +8°C until use.

NB. This media with trimethroprim, vancomycin and amphotericin that
do not act against H. pylori as described by Akada [253] suppresses
possible contaminating bacteria and moulds.
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Dv - Glycerol broth (200/0)
Procedure
1. Prepare Brain Heart Infusion broth as described.
2. Weigh 47 g of Brain Heart Infusion broth (Unipath; Cat No.
CM022SB)
3. Add 1000ml of Distilled water

To prepare 100ml of glycerol broth

1. Brain Heart Infusion Broth......................

80ml

2. Glycerol (Sigma; Cat No. G8773).............

20ml

3. Mix well and distribute in Smls amounts in screw-cap tubes or
bottles
4. Sterilise by autoclaving at 115°C for 20 minutes
5. This medium should be within the range pH 7.2 - 7.6 at room
temperature.
6. Put in the fridge for longer storage.
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Dvi - Urea (O.03M solution)
1. Weigh 0.18g of urea (Sigma; cat. No. U6504)
2. Dissolve in lOOmis of distilled water
3. Add a small amount of phenol red
4. Sterilize by filtration
5. Aliquot in eppendorf tubes
Store at +4 to +8°C. Solution is stable for 4 weeks.
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