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Abstract

Most patients colonized by H. pylori remain asymptomatic. Many patients 

complain of dyspepsia, but any association with H. pylori colonization remains 

controversial. About 20% of colonized individuals develop duodenal or gastric 

ulcers and some develop gastric cancer. Urease, lipopolysaccharide, 

vacuolating cytotoxin (VacA) and cytotoxin associated protein (CagA) are 

potential virulence factors, but their role in different geographical populations 

is unclear.

Therefore this study aimed to determine; H.pylori genotypes found in 

different parts of the world; the host immune response to selected antigens; 

the socio-economic conditions in the study areas; and to correlate bacterial, 

host and environmental, differences with the clinical status of the patient. 

Techniques included ELISA; SDS-PAGE; Westernblotting; Isoelectric 

focusing; PGR; and Southern blotting.

H. pylori prevalence in Sri Lanka, believed to be low, was found to be high, 

similar to other developing countries. Initial infection occurred in early 

childhood, whilst active disease developed in later childhood. Serology and 

antigen detection methods failed to reveal the true prevalence.

Strains from different geographical regions were diverse, with all vacA alleles 

represented. The s1 allele normally predominated. Overall, the genotype was 

not related to disease, but in Italian children there was a significant association. 

In Sri Lanka and Italy, the commonest genotype was s1am1, with greater 

heterogeneity in Sri Lanka. In Zambia s1b was the commonest subtype. In Iran 

s2 and s7 occurred at equal frequency, with s1c observed most commonly.

24



H.pylori strains of similar genotype were associated with different clinical and 

histological presentations.

Serology showed that urban upbringing, Ascaris infection and low CD4+ 

count were inversely related to H. pylori sero-positivity. Antibodies to 

lipopolysaccharide and a 35kDa protein were the only serological markers 

associated with pathology.

In conclusion, /-/.py/or/-associated states results from a combination of 

bacterial, host and environmental factor merit further investigation.
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Chapter 1 

1 General Introduction

1.1 History

Spiral gastric bacteria are not new. Their existence, as organisms colonizing 

the mucus and gastric pits of the stomachs of healthy dogs, was first reported 

by Bottcher over 125 years ago. The earliest reports of the discovery of this 

organism are given in Calam (1996). These are briefly summarized below. 

Nearly twenty years after Blottcher, Saloman in 1896 confirmed the presence 

of spiral gastric bacteria in dogs and also found them in cats and rats.

The first observation of spiral organisms in the human stomach may have 

been by Krienitz (1906) who described three different types of spirochetes in 

the stomach of a patient with cancer. In 1938 Doenges observed spiral 

bacteria that he described as spirochetes in the gastric mucosa of about 50% 

of human stomachs examined at necropsy, but was unable to correlate their 

presence with gastric disease (Marshall and Warren 1984).

Another line of evidence emerged in 1924 when Luck and Seth reported that 

the human stomach contains abundant urease activity. It was shown in 1959 

that this activity disappeared during administration of antibiotics, indicating 

that the enzyme was of bacterial origin. However the connection between 

gastric urease and gastric spiral bacteria was not made until much later 

(Calam 1996).

Following the introduction of flexible, fibreoptic gastroscopy, Steer in 1975 

came near to identifying Helicobacter pylori and its association with gastritis in 

a large study of biopsy specimens. Bacteria were found related to the gastric
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mucosa and the authors had considerable evidence to support the contention 

that these bacteria were not contaminants; but failed to culture the organisms 

(Steer 1984).

in 1982 Robin Warren, a pathologist in Perth, Western Australia, noticed 

that curved bacteria were often present in gastric biopsy specimens submitted 

for histological examination. These organisms were not within the gastric 

mucosa but were present in the mucus layer overlying the tissue. He observed 

that most patients with gastritis were infected with these curved or 

Campylobacter like organisms (Marshall and Warren 1984). Hence, he 

encouraged Barry Marshall to try to culture the bacteria from endoscopic 

biopsies, using methods used to culture Campylobacter (Marshall and Warren 

1984).

The first successful culture occurred by chance in Perth, Australia when a 

biopsy specimen was left in an incubator for 5 days over the Easter holidays in 

April 1982. This led to Marshall and Warren associating infection with gastritis 

and peptic ulcer disease (Marshall and Warren 1984).

In 1984 workers in Selly Oak hospital, Birmingham (Rollason et al., 1984) 

and Steer in Southampton General Hospital (Steer 1984) also reported that 

patients with gastritis or peptic ulcer were infected with the spiral bacteria 

more often than healthy controls. Thus, three groups had independently 

reported the main disease associations of the organism known now as 

Helicobacter pylori (H. pylori).

Initially it was thought that the newly cultured bacterium was a 

Campylobacter found in the pyloric region of the stomach and it was therefore
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called Campylobacter pyloridis. C pyloridis became C pylori when linguists 

pointed out that the former was grammatically incorrect.

A new genus Helicobacter was designated when it was discovered that the16S 

ribosomal RNA of the organism did not have the characteristic sequences found 

in Campylobacter and that there were important chemotaxonomic differences in 

the fatty acid profiles (Goodwin, et al 1989).

Tobay Helicobacter \s a rapidly, expanding genus of bacteria that encompasses 

numerous species, two of which infect human stomachs. H. pylori cause one of 

the most common bacterial infections of humans, second only to.periodontitis.

1.2 Characteristics of H. pylori

H. pylori are Gram-negative bacterium with a helical shape, (Fig 1) measuring 

2.5-3.5 X 0 .5 -1.0 pm wide. It is non-spore forming and motile, with 1-5 unipolar 

sheathed flagella, 2.5nm long and 30 nm in diameter often with terminal bulbs 

although this may be an artifact in preparation (Goodwin and Armstrong 1990). In 

addition to the helical shape, usually seen in biopsy specimens, curved forms 

occur and the bacillus also converts to a coccoid morphology when under 

environmental stress.

It possesses the typical trilaminar cell wall structure of a Gram-negative 

bacillus. Ultra structurally, when tannic acid is used as a mordant, it can be seen 

that the outer membrane of H. pylori is coated with a glycocalyx- like structure in 

gastric biopsy specimens. The surface of individual bacteria may be linked to 

gastric epithelial microvilli by thread - like extensions of the glycocalyx (Goodwin 

and Me Culloch 1987).
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A thin electron dense layer of about 12pm in diameter has been seen covering 

the surface envelope by electron microscopy.
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Figure 1. Electron microscopic photo of H.pylori (New Directions in Gastroenterology, 
Val Heatley, Ed. Duncan Colin-Jones, Wyeth).
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1.2.1 Cell wall and Lipopolysaccharide

A variety of OMPs have been identified. The molecular masses of these 

OMRs range from 31 to 80 kDa (Doig and Trust 1994). The LPS of H. pylori is 

of a generally similar structure to other Gram-negative bacteria, with a 

constant core region and strain specific side chains. The lipid A, which is a 

component of the LPS, contains 3 hydroxy hexadecanoic acid and 3 hydroxy 

octadecanoic acid. The lipid A is under phosphorylated compared to that of for 

example Escherichia coli (E. coli) and thus its endotoxic activity is very much 

less than Enterobacteriaceae. The “O” side chain has Lewis blood group 

antigen structures (Aspinall at ai, 1996).

Studies of H. pylori have suggested the existence of several different sero - 

groups of H. pylori (Simoons at a/., 1996), and considerable variations in the 

”0 ” antigen chain of H. pylori LPS have been described when comparing LPS 

from different H. pyiori strains and when grown under different in vitro 

conditions. Typing of H. pylori can be achieved by the use of lectins (Hynes at 

ai., 1999).

A family of four porin molecules, designated HopA, HopB, HopC and HopD 

with apparent molecular masses of 48 to 67 kDa has been purified and 

characterized from H. pylori (Exner at a/.,1995).

H. pylori is unusual in that a large number of proteins, including urease, 

catalase and heat shock protein, appear to be associated with the outer 

membrane. It remains a mystery how these proteins reached this site, as 

normal secretory mechanisms do not appear to be present. As the bacteria 

age, a proportion lyse releasing intra-cellular enzyme, (hence altruistic lysis).

31



The young progeny of H. pylori have a particularly sticky surface such that 

these proteins coat the bacterium and may play a number of protective roles 

(Phadnis eta!., 1996).

A novel characteristic of H. pylori when grown in vitro is that it sheds a large 

quantity of surface associated proteins, ranging in molecular weight from 

approximately 25-66 kDa. Re-suspending and washing in water or isotonic 

buffered saline releases more of these proteins. Recent work has shown that 

the 66,000 and 31,000kDa proteins possess urease activity and the 62,000 

molecular weight protein can be removed by column chromatography without 

destroying urease activity (Evans et al., 1992). When the N terminal of this 

62,000 kDa protein was sequenced it was seen to be 80% homologous to 

Esherichia coli Gro EL heat shock protein and 75% homologous to the human 

Hsp 60 family of stress proteins. This protein has been shown to be important 

in assembly and protection of urease.

1.2.2.Internal appearance

Sections of H. pylori show that the central region is filled with the filamentous 

nucleoide and is surrounded by a dense ribosomal granular cytoplasm. The 

bacterial cylinder is covered by true plasma membrane, which is covered by 

the membrane-like outer wall component, and a 7-nm gap separates the 

membrane. The terminal region of the flagellated end of the bacterium shows 

an electrolucent area below the terminal region of the plasma membrane, 

which is restricted to that region and probably, represents terminal 

strengthening associated with the flagella insertion.

32



1.2.3.Genome and plasmids

The genome is circular with 16,6767 base pairs (Beji et al., 1988). The 

Guanosine+Cytosine (G+C) composition of the DNA averages 35.2 mol % 

with a range of 34.1 to 37.5% (Beji et a!., 1988). The genome has now been 

sequenced (Tomb et a!., 1997) and possesses at least two copies each of the 

16S and 23S rRNA genes, two insertion sequences (IS) identified as 18605, 

18606, a pathogenicity island containing the cagA locus and several other 

genes (Taylor et a!., 1992), and several genetic determinants which have 

been implicated as markers of virulence. The plasticity region of H. pylori is a 

large chromosomal segment containing 33 strain-specific open reading frames 

(ORFs) with characteristics of a pathogenicity island. Occhialini et al (2001) 

hypothesis that the plasticity region, rather than being considered a 

pathogenicity island per se, should be considered a genomic island, which 

represents a large fragment of foreign DNA integrated into the genome and 

not necessarily implicated in the pathogenic capacity of the strain.

These are the vacuolating gene (vacA)] cytotoxin associated gene {cagA)\ 

induction on contact with epithelium gene {iceA)\ flagella gene (flaA,B)\ and a 

urease gene cluster {ureA+ ureB encoding structural sub-units; ureD of 

unknown function; ureE, F, G, H and I important in urease activity). The ureC 

gene has now been identified as the gene encoding the phosphoglucosamine 

mutase, which is unrelated to urease production and has been, renamed the 

gImM gene.

The variable location of multiple genes (macrodiversity) in the genomic 

maps of different H. pylori strains suggests that extensive rearrangements of
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the H. pylori genome have occurred (Bukanov and Berg 1994). Analysis of the

genetic structures using restriction fragment length polymorphism (RFLP) of a

number of loci on isolates recovered from the different biopsy sites of the

same individual suggest that rearrangement occurs during infection. Such

changes in genetic loci between clones over a short period of time are

referred to as microevoluation. These events occur in most if not all colonizing

H. .pylori strains and are* likely to a rna-jor contributory factor to their 
$

heterogeneous nature in that each individual is colonized by their own unique 

strain (Marshall ef a/., 1998). •

Approximately 40% of H. pylori isolates contain plasmids, but the plasmids 

are not known to contain recognised virulence factors (Kleanthous et al., 

1991).

H. pylori also exhibits significant sequence diversity in multiple genes 

including those for urease (Foxall et al., 1992, Desai et al., 1994); flagellin 

(Forbes et al., 1995); vacA (Cover, et al., 1994); and cagA (Garner and Cover

1995).

Even though H. pylori shows a high level genetic diversity, clinically only a 

modest variation exists in the phenotypic characteristics between different 

isolates (Fujimoto etal., 1994).
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1.3 Transmission

1.3.1 Person to person

The way in which the organism spreads is unknown although person-to- 

person spread is widely considered to be the most prevalent means of 

transmission (Mitchell et al., 1993). It is substantially more common amongst 

first-degree relatives of infected persons than in the general population. Also, 

those strains from family members have been found to be similar on many 

occasions (Blecker et a!., 1994), which supports person- to-person 

transmission as does sero prevalence studies in closed communities.

Person to person spread of pathogens may be via faecal-oral, droplet, or 

oral-oral transmission. Currently there are no data that support sexual 

transmission (Perez Perez etal., 1991)

1.3.2 Faeco oral transmission

Infection is most likely to occur in populations in which faeco-oral transmission 

is common, such as in institutions for the disabled, or families with young 

children (Perez Perez etal., 1991, Berkowicz and Lee 1987). Infection with H. 

pylori has also been related to other markers of faecal-oral transmission such 

as the sibling number, birth order and current number of children in the family 

(Reiff et al., 1989). Hepatitis A is known to be spread by the faecal-oral route 

and comparisons between the sero positivity for Hepatitis A and H. pylori have 

been confirmed (Rudi etal., 1997).

H. pylori has been cultured from faeces of both adults and children, thus 

demonstrating that it can pass through the g astro intestinal tract and remain
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viable (Thomas et al., 1992). The PCR (Gramiey et al., 1999) and a recently 

developed enzyme immuno assay for H. pylori antigen (HpSA premier 

platinum Meridian diagnostics, Cincinnati, USA.) (Vaira et al., 1999) have 

enabled further detection of the organism from stools and is now been used 

diagnostically.

1.3.3.Oral to oral transmission

An oral-oral route of transmission is supported by microbiological but not 

epidemiological studies. H. pylori DNA has frequently been detected by PCR 

from both saliva and dental plaque but only rarely has it been cultured from 

the mouth (Krajden et al., 1989). Malaty et al., in 1992, showed that dentists 

did not appear to be at increased risk compared to the general population 

suggesting that oral secretions may not be an important source of infection 

(Malaty et al., 1992).

1.3.4 Transmission via food and water

The survival of H. pylori in artificially contaminated milk and tap water has 

been investigated and it was found that the organism could survive for up to 

10 days in milk at 4° C but for only 3 days in tap water, with a steady decrease 

of colony forming units. However, electron microscopy clearly showed that the 

non-cultivable coccoid forms were present in tap water, which had been kept 

at 4° C for 7 days. Thus it was concluded that this organism may survive in tap 

water as well as milk, with the implication that both these fluids may thereby 

act as a vehicle of transmission (Fan et a/., 1998).
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However the relevance of the coccoid form to pathogenesis relapse and 

transmission remains an open issue even though it posseses polyphosphate 

granules that could act as reservoirs of phosphate and energy. One study has 

shown reversion to the normal form by injection into mice (Cellini et al., 1994); 

other studies have shown no reversion (Eaton etal., 1995).

Two epidemiological studies from Latin America suggested that water and 

water contaminated food might be vehicles for transmission (Klein et al., 

1991). The water source may also be a risk factor for infection (Klein, et al., 

1991), as seen in a study in Peru where the domestic water was either from 

the municipal supply or from community wells. A high prevalence of H. pylori 

was seen in those with a municipal supply of water irrespective of their 

income.

In a study done in Peru to asses the dietary risk factors associated with 

transmission, no association was seen with the type of food consumed but 

increased prevalence was seen with food prepared under unhygienic 

conditions (Hopkins etal., 1993).

1.3.5 Iatrogenic Transmission

iatrogenic transmission of H. pylori V\a endoscopes has been well documented 

through the isolation of identical strains from patients undergoing endoscopy 

in the same suite. It has been estimated that transmission occurs in 

endoscopy when the endoscope is mechanically cleaned with detergent and 

ethanol alone (Langenberg et al., 1990). More rigorous cleaning methods, 

however, prevent transmission (Pantry et al., 1995).
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1.3.6. Zoonotic sources 

Several studies have highlighted the potential importance of an animal 

reservoir, and the identification of naturally acquired H. pylori in laboratory cats 

(but not pet cats) suggests that domestic animals may carry infection, 

However transmission to humans from animals is not yet supported by 

epidemiological data (Handt etal., 1994).

Early evidence for significant transmission from, animal to man came from 

studies in abattoir workers, who were found to have circulating antibody to H. 

pylori more often than controls. These results are generally rejected because

H. pyiori was not detected in pig stomachs, but H.suis were found to be 

present. In addition, no serological differences were seen between the meat- 

eaters and vegetarians, hence the most likely explanation for the results was 

cross-reacting antibodies.

H. pylori has been recovered from sheep milk thus suggesting a role for 

animal transmission. It is hypothesized that it may be a commensal in the 

sheep which may be H. pyiori’s ancestral host, which would suggest that the 

organism entered the human population with domestication of the sheep 

(Dore etal., 1999).

I.4  Epidemiology

Infection is extremely common worldwide, and according to some estimates, 

over one half of the world is infected with this organism (Pisani et al., 1997). 

The prevalence can vary widely between and within population groups. In 

some developing countries most children are infected by 10 years of age and
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infection is almost universal by mid life (Taylor and Parsonnet 1995). In 

industrialized countries, however, prevalence of infection is considerably 

lower. This is not meant to imply that infection is rare in these countries, as at 

least one third of the population is likely to be infected even in the United 

States, Europe and Oceania (Parsonnet 1998).

1.4.1 Age

Prevalence of infection increases with advancing age: from 10% at age 10 

years to 60% at age 60 years in developed countries (Drumm 1993). In non

industrialized countries the prevalence of infection in childhood is high and 

there is little age-related increase. This has been demonstrated in all sero 

epidemiological studies. The explanation of this age related increase in sero- 

positivity to H. pylori in industrialized countries, which is a rate of about 0.5% 

to 1% per year, could be due to a constant risk of acquiring the organism from 

a source(s) or may reflect a birth cohort effect. Similarly, the disproportionately 

high prevalence of H. pylori infection observed in some populations in 

individuals aged over 40 years seems to reflect a birth cohort effect, where 

transmission of this chronic infection was more common years ago than today 

due to improving public health standards (Parsonnet 1998).

In other populations, however, the elderly (those older than 60 or 70 years) 

seem to have a lower rate of infection than would have been anticipated. 

While this too may represent a birth cohort or period effect, a more likely 

explanation is that infection is lost as its niche in the normal gastric 

architecture is destroyed by progressive inflammatory damage.
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Overall, the incidence of H. pylori has been decreasing in industrialized 

countries over recent generations. The rate of decline may have been as high 

as 26% per decade (Taylor and Parsonnet 1995). Several studies have 

confirmed the importance of childhood as a time of acquisition of H. pylori 

infection. Yet even in children, the likelihood of infection seems to be 

diminishing in recent years (Parsonnet 1998).

1.4.2 Geographic origin

The prevalence of H. pylori is very much more common in non-industrialized 

countries compared to Western countries as discussed, but there seem to be 

ethnic differences in certain countries.

In Australia, native Aborigines and Caucasian Australians were compared 

with El Salvadorian and Ethiopian refugees. The sero- prevalence in the 

Australians of Caucasian descent was 15% compared with 40% in the El 

Salvadorians and 43% in the Ethiopians. The native Aboriginal has a sero 

prevalence of only 0.1% (Dwyer et a/., 1988).

Interestingly, members of ethnic groups from developing countries have 

elevated infection rates even if they are born in the West and this in not 

entirely explained by differences in socio-economic status (Calam 1996). 

Second generation immigrants might have greater exposure to infection from 

infected parents or while visiting relatives abroad. In addition, their family 

practices such as, in the case of those of an oriental origin, dipping chopsticks 

into a communal bowl, might be more likely to spread the infection than the 

normal Western habit of eating. A much higher rate of re-infection is seen in
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non-industrialized countries, for example, in Brazil 20% of patients were re

infected within 18 months of having eradication therapy (Calam 1996). These 

ethnic practices may explain the re-infection rate in different cultures although 

the variations in re-infection may reflect host genetic differences in binding 

sites or other host factors indicated in colonization.

1.4.3 Gender and blood group

Most of the studies to date have not shown any correlation*.-, between 

colonization and gender. Although previous studies showed no correlation 

between sero-positivity and ABO blood groups (Holton et al., 1998), Alkout et 

al recently showed an increased density of colonization of epithelial cells and 

higher inflammatory responses (release of IL6, and IN F  to persons with blood 

group “0 “ who displayed increased susceptibility to peptic ulceration (Alkout et 

a/., 2000).

1.4.4.Occupation

Certain occupations have been noted to be risk factors for sero positivity. The 

risk of colonization may be increased in certain health care workers. 

Gastroenterologists seem to be at increased risk compared with a general 

medical population (Lin et a/., 1994). Chong et al., showed that endoscopists 

and endoscopy nurses are at increased risk, leading to calls of H. pylori to be 

designated as an occupational hazard (Chong etal., 1994).
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1.4.5 Socio-economic factors

Low socio economic states are inversely related to the prevalence of H. pylori 

(Sitas et a!., 1992). In one study (Mendall at a!., 1992), strong associations 

were found between childhood living conditions and H. pylori antibodies in the 

adult, which is compatible with the hypothesis that childhood living conditions 

are more important than current socio-economic status in the adult.

In other studies social overcrowding has been revealed as a significant risk 

factor for acquisition of H. pylori. Two hundred and fifteen patients attending a 

health-screening clinic were assessed for antibodies to H. pylori and 

questioned as to their living conditions when aged eight. Two factors that 

correlated well with sero-positivity were lack of a fixed hot water supply and 

domestic overcrowding during childhood (Mendall etal., 1992).

Educational level is also a risk factor for colonization. The Eurogast study 

group (Graham et al., 1988) showed that subjects with higher education had a 

considerably lower level of infection (34.1%) compared to subjects with 

secondary level education (46.9%) and those with primary education only 

(61.6%). This probably relates to socio-economic status.

1.5 Clinical disease

H. pylori is a well-recognized gastroduodenal pathogen (NIH Consensus 

Development Panel: 1994) and a class I carcinogen (lARC Working 

group: 1994). An increasing number of diseases have been ascribed to 

infection with H. pylori, some well documented, others less so. Currently 

accepted roles for H. pylori are duodenal ulcer, gastric ulcer, gastric adeno 

carcinoma and gastric lymphoma. Less well accepted is its putative role in
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non-ulcer dyspepsia and its more indirect influences on coronary artery 

disease, roseola, diarrhoea! disease in children in developing countries, and 

hepatic encephalopathy (Lambert and Lin 1994, Rinaldi etal., 1997).

These latter conditions have all been epidemiologically linked to infection but 

a causal role for the organism has not been proved. However, if H. pyiori is 

confirmed even as a weak causal factor in dyspepsia, heart disease, 

diarrhoea and/or encephalopathy, the overall importance of the organism will 

rise dramatically, as these conditions endanger high world wide morbidity and 

considerable medical expenditure.

If one considers only the diseases most strongly linked to H. pylori, gastric 

adenocarcinoma and duodenal ulcer disease, it is still evident that H. pylori 

infection imposes a heavy toll on world health.

1.5.1 Gastritis

H. pylori is present in the majority of patients with gastritis and is rarely found 

in the stomach without evidence of inflammation. However, there is a patchy 

distribution of the organism in the stomach.

Intentional and accidental ingestion of the organism has been associated 

with transient upper gastro-intestinal symptoms. Initially, about one week after 

ingestion, the subject develops borborygmi with retrosternal discomfort, 

nausea and vomiting, and a transient achlorhydria and gastritis accompany 

this. In children a similar syndrome of upper gastrointestinal symptoms, 

nausea and vomiting has been recorded following recent acquisition of H. 

pylori (Holton at a/., 1998).
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Several studies have shown that H. pylori is present in 50-60% of patients 

presenting with non-ulcer dyspepsia (Kang et a!., 1997), although other 

studies have not found this association (Menegetti 1996). Many relatively 

small studies have addressed the question of symptom improvement in non

ulcer dyspepsia following the eradication of H. pylori. Assessment of these 

studies (Talley 1993) indicates that in nearly all there was some flaw in the 

design of the study and that overall, there is no convincing evidence that H. 

pylori is related to the symptoms of non-ulcer dyspepsia. This remains the 

current situation, although recent Maastricht guidelines have recommended 

eradication of H. pylori in functional dyspepsia as some 10-50% of patients 

may express symptomatic improvement.

1.5.2 Duodenal ulcer disease

A survey in Finland showed that 1.4-% of the entire population has a duodenal 

ulcer at any time (lhamaki 1979). Parsonnet and colleagues showed that 

roughly 2-5% of individuals will have an ulcer at some time in their life. If these 

rates are extrapolated to the world population, then at least 6,000 000 

duodenal ulcers occur annually and at least 120 000 000 people suffer from 

the disease at some point; up to 200 000 will die each year from perforation or 

bleeding (Parsonnet etal., 1997).

The incidence of DU gradually rises with age and peaks at about age 60 

years. Much of the early and international data on the prevalence of duodenal 

ulcers are available only as observations of the ratio of DUs to gastric ulcers 

(GU) s. The findings are nevertheless interesting. In most parts of the world 

DUs are about three times as common as GUs but GUs are more common in
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places such as Japan, Sri Lanka and some islands off Northern Norway 

(Calam 1996).

A highly interesting aspect of ulcer epidemiology is that it is changing quite 

rapidly. William Brinton recorded in late 19*̂  century in England that GUs 

occurred in young women and were much more common than DUs (Calam

1996). From the turn of the century until about 1960, the incidence of DU rose 

until now it is more common than GU, which is now rarely found under the age 

of 40 years. Since 1960, the incidence of DU has stopped rising and may 

even have declined. In 1962, Susser and Stein suggested that the economic 

depression of the 1930’s had created a cohort of individuals at risk of DU and 

it is tempting to suggest that H. pylori was responsible for this increase in DUs. 

The change in the GUs is more difficult to explain but presumably reflects 

altered environmental factors such as diet or drug ingestion, or perhaps a 

different strain of H. pylori has emerged (Calam 1996).

Not all duodenal ulcers can be ascribed to H. pylori; moreover, the proportion 

of disease caused by infection varies from population to population. For 

example, in Rochester, USA H. pylori were found in only 61% of duodenal 

ulcers (Jyotheeswaran et a/., 1998). In other studies, the prevalence of H. 

pylori in association with gastric ulceration has been recorded at above 90% 

(Holton ef a/., 1998).
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1.5.3 Gastric ulcer disease

The lifetime prevalence of GU is similar in males and females. They are rare 

under the age of 40 years and tend to occur in the lower socioeconomic 

groups. Reported rates of H. pylori infection in patients with GU’s vary from 

58%-94% (Lambert and Lin 1994). The lifetime prevalence of GU is 4% in 

males and 3% in females. About 0.02% of the population develops a GU for 

the first time in any year (Bonnevie 1975).

1.5.4 Gastro- oesophageal reflux disease

There is no firm evidence for an association of H. pylori with GORD (O’ 

Connor et al., 1994). Alternatively significantly more GORD was detected 

following successful eradication of H. pylori (Newton etal., 1997).

1.5.5.Gastric Cancer

Despite the decline in the prevalence of gastric cancer in Europe and North 

America over the past 50 years, it still remains a common carcinoma world

wide. It occurs more frequently in persons of low socio economic class and the 

prevalence rates vary substantially between geographic locations.

In China, for example, the prevalence rates between the different regions 

can vary from 3% to 69% per population. Several studies have shown an 

epidemiological association between the prevalence of H. pylori and the 

prevalence of gastric carcinoma Pisani and colleagues calculated that 55% of 

gastric cancers worldwide were due to H. pylori infection (Pisani et al., 1997).
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Based on work done by Parsonnet at least 5 000 000 new cases of gastric 

cancer and duodenal ulcer disease occur each year (Parsonnet et al., 1997).

Several mechanisms have been proposed by which the infection may 

predispose to GC. The bacterium by stimulating a chronic inflammatory 

reaction in the underlying mucosa, may increase DNA turnover and production 

of free radicals by acute inflammatory cells. These may damage, the DNA 

during its division phase resulting in mutations leading to neoplasia.

H. pylori also impairs the active secretion of vitamin C into the gastric juices. 

Vitamin C has been shown to provide a protective function in that it acts as an 

antioxidant. The depletion may thus facilitate DNA damage by free radicals.

Yet another recognized factor is that patients with GC have predominantly 

corpus gastritis with markedly reduced acid secretion, in contrast to those who 

develop DU who have antral gastritis and hyper acid secretion. The 

mechanism by which the reduced acid may predispose to cancer has been 

thought to be due to colonization by a variety of nitrosating bacteria and the 

formation of potentially carcinogenic nitrosamines. Why only a subset of 

bacteria leads to the potential mechanisms of forming a GC is not known.

Recent study reports that I LI gene cluster polymorphism suspected of 

enhancing production of interleukin 1-beta, is associated with an increased risk 

of both hypochlorydia induced GC by H. pylori. The association with disease 

may be explained by the biological properties of I I  1-beta, which is an 

important pro-inflammatory cytokine and a powerful inhibitor of gastric acid 

secretion. Host genetic factors that affect IL 1 -beta may determine why some
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individuals infected with H. pylori develop GC (El Omar et a!., 2000). A high 

salt diet has also been associated with carcinogenesis (Fox et a!., 1999).

1.5.6.Gastric Lymphomas (MALT lymphoma)

The close association between gastric MALT lymphoma and H. pylori is 

beyond doubt and is seen in 72% - 98% of low grade cases (Wotherspoon 

1991). H. pylori is seen in up to 71% of cases with a concomitant low grade 

component, but only in 38%-51% of high grade tumours with no specific MALT 

features.

H. pylori infection is only found in approximately 51% of individuals with 

secondary involvement of the stomach by lymphoma of nodal type. H. pylori 

therapy induces tumour regression in the absence of any other therapy and is 

the first option in cases of early low-grade gastric B cell lymphoma of MALT. 

Eradication of H. pylori has also been reported to reverse high grade MALT 

(Wotherspoon 1991).

1.5.7 Extra - intestinal disease

Evidence relating H. pylori to non-gastrointestinal disease is sparse and 

inconclusive. It has been liked to a number of conditions that include 

ischaemic heart disease, vaso spastic disease, and autoimmune thyroiditis.

1.5.8 Ischaemic heart disease

Initial reports have shown a correlation between H. pylori and ischaemic heart 

disease (Mendall et al., 1994) yet other studies have shown no correlation 

(Wald et al., 1997). Further large scale longitudinal studies are required to
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quantify the predictive value of sero-positivity, to clarify the causal relationship 

and to assess the extent to which the relationship between H. pylori and IHD 

is mediated by known risk factors for atheroma or thrombosis. Cytokines such 

as TNF-alpha, IL6, IL8 are released into circulation following infection, which 

are expected to induce an acute phase inflammatory response which in turn 

increases acute phase reactants such as fibrinogen, high density lipoprotein, 

cholesterol and homocysteine levels. These, together with immunological 

cross-reactivity between bacterial and human heat shock proteins may 

possibly increase cardiovascular risk.

1.5.9 Vascular complications

Recent evidence suggests that there may be an association between 

colonization and the vaso spastic disorders such as Raynaud’s disease, but 

evidence is sparse (Gasbarrini et a!., 1997).

1.5.10 Hepato-pancreato- biliary disease

H. pylori has been detected in the bile but any pathological association 

between H. pylori and gallstones remains an open issue. However, 

Helicobacter has been associated with hepatitis, hepatoma and pancreatitis, 

although to date there are no data to support the role of H. pylori in these 

conditions.
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1.5.11 Inflammatory bowel disease

Very little is known of any impact of H. pylori in IBD. Published data indicate a 

reduced prevalence of H. pylori in IBD when other contributory factors have 

been eliminated (Pearce et al., 2000, Halme et al., 1996). A possible role of 

Helicobacter species in IBD has been demonstrated mainly by the use of 

animal models (Tiveljung et al., 1999). To date, more studies are necessary to 

confirm any pathogenic role of Helicobacter species in animal models of IBD 

and in humans.

1.5.12 Paediatric infection and growth

The majority of children with primary gastritis are colonized by H. pylori', the 

situation is different from adults, as there is predominantly a lymphocytic and 

plasma cell infiltration with neutrophils present.

Because of the high prevalence of Helicobacter in children in developing 

countries it is possible that the concomitant acid suppression in the stomach 

predisposes to their childhood gastrointestinal infection. This can lead to 

diarrhoea and malabsorption with a consequent malnutrition and retardation of 

growth (Weaver 1995).

In developed countries this may lead to a lack of growth spurt in peri- 

pubertal girls leading to short stature. In 554 seven year olds who were 

followed up to age eleven, 11% of the children were colonized by H. pylori and 

also showed a mean reduction of growth of 1.6cm in girls (Patel et al., 1994) A 

similar study of 216 children between 3 and 14 years showed a colonization 

prevalence of 22%, of which 16% were below the 25 percentile compared to
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8% in the non infected children. This difference was particularly marked in the 

8-14 year age group, in which growth reduction was seen in 25% compared to 

8% of controls. Some studies, however, have not found a relationship 

between colonization and growth retardation (Murray etal., 1997).

1.6 Bacterial Factors and immunopathogenesis in infection

The clinical outcome of H. pylori is most likely to be the result of complex 

interactions amongst host, bacterial and environmental factors. The 

pathogenic determinants of the bacteria can be divided into two major groups: 

virulence factors and maintenance factors, which allow the bacterium to 

colonise and remain in the host.

Virulent strains, which have been clinically associated with a severe 

outcome, induce increased gastric mucosal immune responses. Several 

bacterial pathogenic factors have been shown to have a considerable role in 

infection, but variability in host immune responses and environment may also 

contribute to subsequent outcome. Increasing evidence has shown that 

diversity is associated with different levels of gastric mucosal inflammation and 

therefore different clinical outcomes.

1.6.1 Bacterial virulence factors

Vacuolating cytotoxin, urease, cytotoxin associated gene protein, 

phospholipases A and C, catalase, motility and adherence have all been 

implicated in disease states. Two general types of strains have been 

described: Type I have the phenotype of both CagA and VacA and also 

possess the genes cagA and vacA. The second type (Type II) does not
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posses the cagA gene and do not secrete the vacuolating cytotoxin although 

they have the vacA gene.

1.6.2 Vacuolating Cytotoxin

The vacuolating cytotoxin which induces cytoplasmic vacuolation in eukaryotic 

cells (Leunk et al., 1988) is secreted by approximately 50% of H. pylori strains 

and in some geographic locations is associated with peptic ulcer disease.

Biological activity of the cytotoxin is increased by exposure to acidic pH (de 

Bernard et a/., 1995) and this is currently considered to be an important factor 

causing increased mucosal damage during infection by H. pylori (Shimoyama 

and Crabtree 1998).

The vacA, which encodes the cytotoxin is possessed by all H. pylori strains 

(Atherton et al., 1995). The gene has two divergent regions (Fig 2), one of 

which is in the second half of the signal sequence (s1 and s2). Among strains, 

four distinct types of “s” region alleles have now been described. The 

previously described s1a, s1b, and s2 and the recently described s1c have 

been identified principally from Asia: type s1c shows consistent variation at 

several loci compared to s1a and s1b and is considered a specific 

recombinant of s1a and s1b. Subtype s1c differs from s1a at two positions and 

from s1b at seven positions. It also contains two specific amino acids not 

found in other subtypes (van Doom et al .,1998).

The second region is in mid region of the gene (m1 and m2). Among East 

Asian isolates, a novel m2 subtype (m2b) was designated to distinguish it from
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the original m2a. (van Doom, ef a/.1998). Additional variants of the m1 region 

have been identified, designated m1a and m1b
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Figure 2. Schematic representation of the diversity in the vacA gene

Signal sequence 
s1a, s1b, s1c, s2

Mid region 
m1 m 2

C term inal
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(Strobel et al., 1998). Some strains cannot be typed using the PCR based 

typing system developed previously, which suggests that vacA typing 

schemes may need to be extended.

Recent studies have demonstrated an association between diversity in this 

gene, cytotoxin activity and increased gastric inflammation (Ito at a/., 1997). 

The s1/m1 strains produce higher toxin activity in vitro than s1/m2 strains 

(Leunk at ai., 1988); m1 strains are associated with increased gastric epithelial 

damage (de Bernard at ai., 1995); s1a strains are associated with increased 

mucosal neutrophils and lymphocyte infiltration in vivo (de Bernard at ai., 

1995) and s2/m2 strains produce little or no toxin.

Hence it has been concluded that s1a/m1 strains are the most virulent 

allelic type. Infection with vacA s1 strains are more frequent in patients with 

ulcer disease than in those with chronic gastritis. However, the association 

between vacA diversity and clinical outcome is not as evident in Asian 

populations as it is in Western populations. Recent studies show that most H. 

pylori strains have the s1alm1 genotype, even in patients with no clinical 

correlation (Ito efa/., 1997).

In Europe a distribution gradient of s i subtypes has been observed. In 

Northern and Eastern Europe, 89% of strains were subtype s'/a; s1a and s1b 

were frequently present in France and Italy, whereas in Spain and Portugal 

89% were subtype s1b. (van Doom at a/., 1999).The s1a and s1b subtypes 

were approximately equally prevalent in North America while in Central and 

South America virtually all s1 strains were subtype s1b. Subtype s1c was 

observed in 77% of the s1 isolates from East Asia. The regions m1 and m2a
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had an equal presence except on the Iberian peninsula and in Central and 

South America, where m1 (86.2%) was more prevalent than m2 (13.8%) (van 

Doom etal., 1999).

1.6.3 Gag pathogenicity island

The cagPAI is a part of the genome, which consists of 40 kilobase pairs, and 

over 30 genes (Censini et a!., 1996), possibly of extraneous origin. It is divided 

into two parts: the upstream cagll region contains at least 14 genes (such as 

virD4) and the down stream cagi region contains 16 genes (such as cagA & 

picB). The cagA, the most studied non-conserved gene of H. pylori, is located 

in the cagI region. In some strains the two parts of the cagPAI are reported to 

be interposed by an insertion sequence 605 (IS605),(van Dooran etal., 1998).

The cagA encodes a high (120-140kDa) molecular weight immuno dominant 

protein which is present in approximately 60% of strains which until recently 

had no known function (Covacci et al., 1999) It has been found that a type IV 

secretary system injects this protein to the eukaryotic cell where it becomes 

tyrosine phosphorylated and this triggers profound changes in the host cyto- 

skeleton along with hijacking of cell signaling (Segal et al., 2000). This new 

information will support the role of CagA in research of H. pylori virulence. 

Antibodies developed against this protein are used diagnostically.

The variation in size of the CagA protein has been related to the 3’ region. 

Further analysis of this region identified four different types of cagA structure, 

designated A, B, C and D (Yamaoka et a/.,1998). Type C strains were 

associated with more severe degrees of gastric atrophy, higher levels of
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antibody to CagA, and gastric cancer. These findings suggest that a cagA 

genotype may yet provide a useful marker for identifying virulence strains 

(Yamaoka et a/., 1998). More recently, van Doom et al in (1999) examined the 

variation in the 5’ end of the cagA open reading frame and identified two 

distinct types of cagA. The cagAI was found in strains from Europe, the USA 

and Australia. In strains from East Asia cagAZ was found. The greatest 

diversity between the two type5" was found in the first 2 0  ̂ amino acicfs.. 

Additional cag sequence variants were seen in Peruvian and some of the USA 

samples, suggesting the possibility of another subtype. Most of the cagA2 

strains were seen with s1c, and vacA m1 was seen more frequently with 

cagA1.

Yamaoka et al., (2000) in yet another study determined whether structural 

subtypes of the cagA 3’ repeat region could be used to identify the population 

of H. pylori isolates. The cagA 3’ region was amplified by PCR using primers 

specific to Japanese and Western cagA 3’ gene sequences, and it was 

possible to distinguish between East Asian and Western strains.

Censini et al., (1996) have suggested that genetic organization and 

diversity within the cagPAI may have a role in the pathogenic potential, with 

uninterrupted cagPAI representing the most pathogenic form, and absence of 

it the least pathogenic form. However, more recent studies focussed on other 

gene markers on the cagPAI, have shown that it is not cagA itself, but the 

products of other genes in the cagPAI, that are responsible for IL- 8  induction 

via up regulation of IL-17, as seen in studies with isogenic mutant strains. IL8  

is a potent neutrophil chemoattractant, responsible for the initial host response
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in the gastric mucosa. These studies have shown that the deletion of cagA 

has no effect on epithelial secretion of IL8  (Sharma et al., 1995).

However deletion of many other genes in the cag pathogenicity island, such 

as the loci picA (36 kD protein) and picB, also known as cagE (101 kD 

protein), reduces the induction of IL- 8  by epithelial cells: Recent studies show 

cagE to be associated with H. pylori induced duodenal ulceration in children 

(Day at al .,2000).

Initial studies in adults demonstrates an association between infection with H. 

pylori strains expressing vacA and cagA with peptic ulcer disease atrophic 

gastritis (Beales at al., 1996) and gastric cancer (Parsonnet at al., 1997). 

However, other studies from Japan, Korea and China, have shown conflicting 

results, as more than 90% of H. pylori strains were cagA positive irrespective 

of the clinical presentation (Miehlke atal., 1996, Maeda ef a/ .,1999).

A study in the UK has shown cagPAI to be present in isolates irrespective of 

the disease association, also none of cagA and/or associated markers {picB, 

VirD4, IS605) were uniquely associated with PUD. This suggests that the 

cagPAI may not be the only determinant of the clinical outcome of an infection 

(Slater atal., 1999).
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1.6.4 Induced by contact with epithelium

The searches for genes which are possibly induced by contact with the 

epithelium led to the identification of a locus known as induced by contact with 

epithelium A. There are two distinct subgroups iceA1 and iceA2. Only \ceA1 

increases following adherence to epithelium. It has been proposed that iceA 

and cagA genes are markers of virulence. The iceA1 has shown to be strongly 

associated with duodenal ulcer disease, while iceA2 was present at higher 

frequency in individuals with gastritis (Peek et a!., 1998). More recently, 

studies in four different countries (USA, Colombia Japan and Korea) have 

shown there is no association between the iceA, vacA or cagA status and the 

clinical outcome of the patient in the countries studied. However, there was 

considerable geographic variation in the combination of the allelic types 

(Yamaoka etal., 1999).

1.6.5 Proinflammatory outer membrane protein

The exact mechanism of H. pylori associated I LB production from the epithelial 

cells has not been established as it has been observed that in cagA negative 

cases are higher than the median IL8  values of cagA positive cases and show 

severe cellular infiltration. Yamoaoka et al., (2000) have suggested the 

presence of a functional “on” oipA gene producing the 34 kDa protein as an 

important virulence factor in the production of IL8 .

59



1.6.6.Lipopolysaccharide

H. pylori LPS has also been implicated in the pathogenesis of infection (Moran

1996). The endotoxin activity has been considered to be low, as a result of the 

phosphorylation pattern of its lipid A component, which may prolong H. pylori 

infection and contribute to chronic inflammation in the gastric mucosa. Yokota 

et al., (1997) found that >70% of H. pylori infected patients developed an IgG 

response to LPS from smooth strains, but not against rough strains. Thus, 

they concluded that the “O” polysaccharide region was antigenic in humans. 

However, the antigenicity of the LPS varied with the infecting strain: lower 

antigenicity was detected from smooth strains derived from gastric cancer 

compared with other duodenal diseases. Therefore, it was suggested that 

these strains are more oncogenic. Alternatively, they may be selected during 

infection by evading immune mechanisms. There is, therefore a need to study 

further the LPS response in different ethnic groups in the clinical spectrum.

Early studies showed that the lethal toxicity of H. pylori LPS in mice was 500 

fold lower compared with that of Salmonella LPS (Muotiala et al., 1992; 

Censini et al., 1996). Studies have also shown that secretion of the pro- 

inflammatory cytokines, such as tumour necrosis factor (TNF), IL1, and IL6  

following stimulation with H. pylori LPS was significantly lower than that 

induced by Escherichia co//and Saimonella LPS (Birkholtz 1993).

H. pylori LPS may also have an important role in autoimmune responses in 

the gastric mucosa. The structure of LPS “O” specific antigen in different H. 

pylori strains is similar to that of the host Lewis or Lewis blood group antigens 

Le* Le^ (Aspinall and Monteiro 1996). The Lewis antigens, which are made up
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of fucosylated lactosamines structures, are known to be tumour antigens 

found on on cancer cells They are also expressed in normal gastric mucosae 

and as blood group antigens. This molecular mimicry may account for some 

of the gastric auto-antibodies induced and thereby disease, and also may 

explain why the organism persists in the stomach. Applemelk and colleagues 

showed that the chain of the H+ K+ proton pump has Lewis epitopes and anti- 

Lewis antibodies, induced by H. pylori, may contribute to the disease 

development of atrophic gastritis (Negrini et a!., 1996).

However, more recent reports suggest that anti Le  ̂and Le^ auto antibodies 

have no critical role in the development of H. pylori induced peptic ulcer, as 

seen in the study done by Kamiya et al., where no change in the titres of anti 

Le* Le \ autoantibodies was seen, despite successful eradication of H. pylori 

(Kamiya etal., 1999).

H. pylori LPS partially mediates the binding of the bacterium to laminin and 

interferes with the gastric cell receptor-laminin interaction, hence contributing 

to loss of mucosal integrity. LPS is also important in inhibiting somastostatin, 

which has a negative inhibition for gastric secretion. This induces a 

hypergastronaemia. Finally, LPS may inhibit gastric mucus secretion thus 

diminishing its protective affects.

LPS structures are generated by rfbM and galE genes, which signal GDP 

mannose pyrophosphorylase and galactose epimerase respectively. 

Mutations in these genes results in reduced binding of H. pylori to gastric 

epithelium (Edwards et al., 2000). However, in yet another study, it was seen
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that these genes are not important in IL 8  production in the gastric mucosa 

(Yamaoka et al., 2000).

1.6.7 Urease and heat shock protein

All H. pylori isolates, as well as each of the gastric Helicobacter species 

identified to date, produce large quantities of the enzyme urease, which is 

important in colonization. The mechanism of action of urease in aiding 

colonization has not been elucidated as yet, though the high ammonia levels 

caused by hydrolysing urea in the stomach of colonized patients has a direct 

toxic effect on the epithelium. In vitro urease activity is toxic to human gastric 

epithelial cells (Smoot et al., 1999) and is a potent stimulus of mononuclear 

phagocyte activation and inflammatory cytokine production (Harris et al.,

1996). It also acts by creating a local concentration of bases, which can 

neutralise the acids around the H. pylori thus enabling it to survive. Urease 

also inhibits the phagocytic process, thus protecting the organism from innate 

host defence mechanisms.

1.6 . 8  Heat shock protein complex

Hsps are a family of proteins induced by cell stress, such as microbial 

infections, and are conserved in both prokaryotic and eukaryotic cells. Hsps 

with similar antigenic structures have been shown in H. pylori cells and gastric 

epithelial cells of patents infected with H. pylori (Engstrand et a/., 1991). In H. 

pylori there is a 60kDa heat shock protein (Hsp60; also called Hsp B a Gro EL 

homologue): and there is also a 13kDa HspA protein; a Gro ES homologue. 

Immune responses induced by immunological cross-reactivity between HspB
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of H. pylori and human Hsp60 in gastric epithelium may be involved in the 

development of disease.

1.6.9 Phospholipases A2 and C

H. pylori produces abundant levels of phospholipases A2 (PLA2) and C 

(PLAC), and the gastric juices of colonized patients have higher levels of 

PLA2 and lysolecithin compared to controls. Phospholipase hydrolyses cell 

membranes releasing arachidonic acid. This is converted to inflammatory 

mediators, such as leukotrienes and lysolecithin-a cytotoxic factor that is 

directly ulcerogenic and is also precursor of platelet activating factor (PAF).

1.6.10 Motility

Motility is an essential colonization factor shown by the inability of flagellate 

non-motile variants of H. pylori to infect piglets (Eaton et al., 1992). The 

flagella are encoded by the genes flaA and flaB and the use of induced 

mutations have shown that both these are essential for full motility (Josenhans 

at al., 1995) and thus colonization. Motile strains induce more IL 8  production 

compared to non-motile strains.

1.6.11 Catalase and superoxide dismutase

The genes encoding the superoxide dismutase and catalase enzymes 

demonstrate significant homology to those of other intracellular pathogenic 

microorganisms, which suggests they play a role in resistance to killing by 

polymorphonuclear leukocytes. Of interest is that a significant fraction of the 

catalase and superoxide dismutase is associated with the surface of viable H.
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pylori. Whether or not surface association of these enzymes is essential for 

protection against oxygen dependant killing by neutrophils is not known.

1.6.12 Adherence

The attachment of H. pylori is specific to gastric epithelium. It is principally 

found within the stomach, but can be found attached to areas of gastric 

metaplasia in other regions of the gastrointestinal tract such as duodenum, 

esophagus, Meckel’s diverticulum and rectum. The organism has a narrow 

host range, limited almost exclusively to humans, and displays strict tissue 

tropism. This suggests the existence of receptors on the gastric epithelium to 

which specific bacterial adhesion molecules found on the bacterial surface, 

can bind (Carlo et al., 1997).

The following specific binding sites and adhesins have been identified to 

date; gangliosides (GM1) and (GM2); N-acetyl neuraminyllactose, and 

phosphatidyl ethanolamine. In addition to binding to glycerolipids, H. pylori 

also binds to the Lewis b antigen (Boren at al., 1993) and to extracellular 

matrix proteins such as fibronectin, collagen, laminin and heparin (Kawasaki at 

al., 1996). The potential bacterial adhesions include the flagella, surface LPS, 

outer membrane proteins Bab A 75kDa, 25 kDa, 19kDa -(a  ferratin bile 

compound) and HpaA, shown to be a cytoplasmic lipoprotein.
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1.7 Host inflammatory responses

There are four mechanisms by which H. pylori may produce damage to the 

host: it may directly damage the surface epithelium by adherence and by 

production of toxins, enzymes, and epithelial-derived pro-inflammatory 

mediators. Secondly, H. pylori may induce autoimmune damage. Thirdly, 

damage may be caused by the inflammatory response induced by H. pylori 

and lastly by affecting gut physiology inducing acid secretion.

The overwhelming majority of the antigenic mass of H. pylori resides in the 

gut luminal wall. However, the interaction between H. pylori and the epithelium 

provides a key focal point of examination of the induction of the host 

response. H. pylori can bind to the epithelium via numerous receptors. To date 

the only host receptor that has been shown capable of signal transduction is 

the class II MHC. As a consequence of binding these molecules on the apical 

surface, gastric epithelial cells begin to die by apoptosis. The host 

gastrointestinal epithelium is stimulated to produce chemokines such as IL8 , & 

IL17, which in turn increase neutrophil infiltration. These result in the induction 

of inflammation, with disruption of the mucosal barrier.

H. pylori derived soluble proteins activate peripheral blood monocytes, 

leading to increased expression of HLA DR and IL2 receptors, production of 

the inflammatory cytokine 1 1 1 , now thought to be important in gastric cancer, 

tumour necrosis factor, and secretion of the superoxide anion.
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1.7.1 B and T cell responses

Trans-epithelial migration of neutrophils, by disruption of the epithelial tight 

junctions, facilitates both bacterial antigen uptakes via the para-cellular route 

and the stimulation of specific B and T cell responses. CD4+ T cells play a 

pivotal role in antigen specific immune responses and infection is associated 

with an increase in gastric CD4+ T cells.

Accumulating evidence from both human and murine studies shows that the 

T helper response in chronic H. pylori infection has a TH type 1 profile (D’Elios 

et a!., 1997), as it induces IFN gamma and IL12. IL12 is the key cytokine in the 

induction of this response, and leads to the production of IFN gamma, which is 

the driving factor in inducing gastritis. Interleukin 10 (IL10), in contrast, inhibits 

the production of 1112 and thus down regulates the pro - inflammatory TFI1 

type response (O'Andrea et a!., 1993).

The possible consequence of TH1 pathway stimulation is that it will result in 

increased mucosal damage. The local production of interferon will modify the 

epithelial phenotype, increasing the expression of (FILA)-DR (Garra and 

Murphy 1995). These epithelial phenotypic changes, together with changes in 

the epithelial barrier function induced by interferon and tumor necrosis factor 

(TNF), are likely to increase antigen presentation, antigen uptake and to 

exacerbate the chronic inflammatory response. This Th i predominant 

lymphocyte response favoring cell-mediated immunity may not promote the 

elimination of H. pylori as it is non-invasive and may lead to cytotoxic damage 

of the epithelium.
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The gastric-specific T helper cells are important in B class proliferation and 

immunoglobulin secretion. The mucosal production of immunoglobulin 

associated complement activation will amplify the neutrophilic responses and 

thus increase the mucosal damage. Furthermore, cross-reactive bacterial and 

host determinant may result in a component of this immunoglobulin response 

being autoimmune.

Much less is known about the natural antagonists of these cytokines 

involved in pathology. The balance between pro inflammatory and immuno - 

suppressive cytokines is likely to be a critical determinant of the severity of H. 

pylori -associated inflammation. An explanation for the persistence of infection 

despite apparent activation of cellular and humoral immunity may be immune 

down - regulation. Increased levels of IL10 have recently been reported from 

gastric mucosa, with levels increasing with severity of gastritis. IL10 is a 

potent inhibitor of both phagocyte and lymphocyte responses. Sutton et a!., 

(2000) have demonstrated that non-responsiveness of mice to injected H. 

pylori antigens may be due to secretion of IL10, which may be a dominant 

factor over IFN gamma.

Research in murine models has shown that the TH2 cell mediated immune 

response (predominantly IL4 - mediated) elicited by the host against H, pylori 

is associated with protection and control of infection (Mohommade et a/.,

1997).

The role of innate immunity has received little attention: Harris et al., have 

shown that H. pylori induces local gene expression of monocyte/macrophage 

derived inflammatory cytokines ILip, IL6 , and TNFa which induce the release
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of acute phase reactants, promote inflammation and enhance functions of 

other effector cells (Harris et a/., 2000).

The role of MHC class I and ll-restricted functions have been studied 

previously in mice and the findings suggest that MHC deficiency exacerbates

H. pylori infection, further emphasizing the regulatory role of CD4+ and CD8 + 

T cells and/or their secreted cytokines during the early course of infection. 

Oral immunization with H. pylori lysate resulted in clearance of infection in the 

MHC1 deficient and control mice but not in the MHC II deficient group (Pappo 

at al., 1999). These observations show that CD4+ T cells after oral 

immunization may be important in the generation of a protective anti-immune 

response, and that CD4+, and CD8 + T cells regulate the extent of H. pylori 

infection.

I.7.2 Gut and IgA response

H.pylori infection gives rise to elevated levels of specific antibodies in the 

serum, and significantly increased antibody levels have also been seen in 

saliva, gastric juices, and faeces (Mattsson at a/., 1998). These authors 

showed that H. pylori infected subjects had significantly higher antibody titres 

against whole membrane proteins, flagellin, and urease in both sera and 

gastric aspirates, compared with the non-infected subjects. Despite the strong 

antibody responses against H.pylori the bacteria are rarely eliminated and 

infection is usually life-long. However, animal studies have demonstrated a 

protective effect with mucosally-derived IgA antibodies against urease.
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1.7.3 Factors associated with disease development

Certain factors appear to predispose to infection. Clearly, the bacterium 

possesses a well-defined battery of virulence factors (urease, flagella, 

adhesins, acid inhibitory protein, iron acquisition proteins, and Hsp) that allow 

the organism to colonize the gastric mucosa. Second, H. pylori evades host 

defenses by shedding its surface protein; and via the action of catalase, 

superoxide dismutase and poorly reactive LPS; adaptation to noxious stimuli; 

and the considerable phenotypic diversity in antigen expression between 

strains from different hosts. It damages host tissue with vacuolating cytotoxin, 

protease, CagA-related factors, and the induction of cytokines and 

chemotaxins. Together, these factors allow H. pylori io persist in the host and 

to establish a chronic infection.

1.8 Current problems associated with H. pylori

The vast majority of patients colonized by H. pylori remain asymptomatic. A 

high proportion complain of dyspepsia but the association with H. pylori is 

controversial. Some patients develop duodenal ulcers, some gastric ulcers 

and some develop gastric cancer. Why some develop disease (20%) and not 

others is unknown. Patients who develop peptic ulcer disease do not generally 

also develop gastric cancer. The former is associated with hyperacidity, the 

latter with hypoacidity, yet both are supposedly related to colonization by 

Helicobacter(E\ Omar etal., 1997).

The prevalence of GO is high in some areas of the world such as South 

America (Castro et al., 1998), but not in Africa, yet the prevalence of H. pylori
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is similar in both countries. In Africa and Asia over 50% of lOyear olds are 

colonized, and there is no difference between the colonization rates in males 

compared to females. In summary, the male/female ratio of gastric cancer 

ranges from 4 to 1.5 in most studies whereas the prevalence of H. pylori 

infection is the same in both sexes. Secondly the prevalence of H. pylori 

infection is as high as 90% in several developing countries where the 

frequency of GC is very low. Thirdly, the acquisition of the infection at a young 

age is considered important in the risk for cancer and is seen to vary from 

4.2% to 83%. However, the average mortality for cancer is 10/100,00.

These epidemiological facts about H. pylori are not reflected in the 

epidemiology of duodenal ulceration. There is male preponderance of 2:1, and 

high or low prevalence of DU occurs in areas in Africa, which do not correlate 

with the universally high prevalence of H. pylori, (Holcombe et al., 1992). For 

example, in Northern Nigeria, a sero-prevalence study showed that 50% of 5 

year olds were colonized but duodenal ulceration only occurred at a rate of 

111/1000 in patients who complained of dyspepsia (Jones and Lydeard 1989). 

This is much less than the rate of duodenal ulceration in the UK, where the 

rate is about 350/1000 (Weir and Backett 1968). Colonization of H. pylori in 

Europe is known to increase with age so that by 60 years, over 50% of the 

population are colonized (Jyotheeswaran et al., 1998).

Similar discrepancies exists between the prevalence of PUD and 

colonization by H. pylori , shown in a study to determine whether racial 

differences exist in the sero-prevalence of H. pylori infection in Singapore, and 

whether these differences correlated with racial differences in peptic ulcer
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frequency. Three racial groups namely Indians, Chinese and Malay participated 

in the study. Indians had the highest rate of infection followed by Chinese and 

Malays. Peptic ulcer prevalence is known to be highest in Chinese, followed by 

Indians and Malays. The Malays have the lowest prevalence of H. pylori and 

peptic ulcer among the races in Singapore. Indians have a higher prevalence, but 

a lower frequency of peptic ulcer disease than the Chinese. Racial differences in 

peptic ulcer frequency between .Chinese and Indians are not explained, only by, 

the prevalence of H. pylori Infection (Kang, et al 1997).

1.8.1 Possible explanation for the enigmas • •

As mentioned the development of disease in any particular individual depends on

any combination of three factors: -

The virulence of the infecting H. pylori strain;

The susceptibility of the host;

Environmental co factors.

Research into bacterial virulence factors has concentrated on determining whether 

certain strains are more virulent than others. This work has led to several non - 

conserved bacterial virulence factors and the assumption that their identification 

may suggest a role in pathogenesis of disease. These include studies on vacA, 

IceA and the cag A (Censini, et al 1996).

The list of H. pylori virulence factors is steadily increasing. All H. pylori strains 

should be considered fully virulent independent of any pathological
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findings, as their presence in the stomach virtually always causes a solid local, 

and systemic, cellular and humoral immune response (Figura 1997). The 

concept of the " good “H. pylorP' (Blaser 1997) seems improbable as there is 

no evidence that the presence of H. pylori has a beneficial effect.

No gene or its product has been shown conclusively to be universally 

prevalent, So it is not possible to readily discriminate between strains that 

cause less virulent disease (simple gastritis) and more virulent disease, such 

as peptic ulcer disease and gastric cancer (Go 1997). However some bacteria 

subtypes may possess particular factors that increase virulence.

Data indicate a geographic distribution of genotypes and may aid in 

understanding the various disease patterns observed in different geographic 

populations (Van Doom etal., 1999).

There are several reasons why the link between H. pylori virulence 

determinants and peptic ulcer disease is unlikely to be absolute. Perhaps 

most important are the potential contribution of host and environmental factors 

to pathogenesis. The infection has to be acquired initially and several factors 

may contribute to this. It is more frequently detected in developing countries 

and also detected in individuals of low socio economic status with poor 

sanitation and hygiene, crowded living conditions and poor water supplies.

Repeated exposure to a microbial antigen may have more severe 

consequences, as seen in dengue hemorrhagic fever. Previous infection with 

a heterologous dengue virus sero-type may result in the production of non 

protective antiviral antibodies that nevertheless bind to the virion surface and 

through interaction with the Fc receptor, focus secondary dengue viruses on
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the target cell, the result being enhanced infection. A similar sequence may 

happen in H. py/on infection.

The role of dietary factors in H. pylori associated disease remains unclear. 

A review of the literature reveals a very consistent association between gastric 

cancer and low intake of fruits and vegetables. This has been documented in 

many countries, where low serum levels of beta-carotene but not vitamin C 

have been seen in-patients with gastric .dysplasia, H. pyjofi perhaps has aioTe 

in metabolizing ascorbic acid thus facilitating cell damage caused by reactive 

oxygen radical’s.

An adequate intake of antioxidants and micronutrients, particularly vitamin 

C, was negatively associated with infection prevalence (Correa et al., 1998). 

Further studies in mice suggested that chronic high salt intake enhances H. 

pylori colonization in mice, causing exacerbation of gastritis by increasing 

colonization and H. pylori associated carcinogenesis by inducing pit cell 

hyperplasia and glandular atrophy (Fox etal., 1999).

Polymorphism in the IL 1 gene may be associated with development of 

gastric cancer. Studies done so far have looked at the response to various 

associated virulence factors, such as CagA and LPS. Variation in response to 

certain antigens such as LPS, have been seen patients with cancer when 

compared to patients with gastritis and peptic ulcer disease (Yokota et al.,

1997).

Other potential host factors influencing disease outcome include the genes 

regulating the immune response, including MFIC genes. It was shown that 

FILA-DQ A l alleles belonging to HLA II genes could influence the
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susceptibility to or the outcome of H. pylori infection (Azuma et a!., 1994, 

1995). However, more recent reports suggested that no single HLA DQ A l 

allele is associated (Yoshitake at al., 1999, Karhukorpi at al., 1999), thus 

leaving the subject open for further research.

Little has been learned about the geographic distribution of the host 

response to various antigens of H. pylori and its correlation to strain type. 

Geographic factors probably play an important role in modulating H.pylori 

associated gastro-duodenal pathology, as there is striking variability in these 

diseases.

The aim of this project is to study the strain variation and immune 

responses of the host to various virulence antigens such as CagA, LPS 

and urease in different geographic populations, and to attempt to 

correlate strain variation and immune responses to environmental 

factors and the diet of each population.
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1.9 Objectives

Major

To determine the different strains commonly found in different parts of the 

world.

To determine the host immune responses to reference antigens.

To determine the socio - economic circumstances of the population in the area 

identified.

To correlate the environmental, strain and host differences with the clinical 

status of the patient.

Minor

To observe the immune response to CagA, LPS, VacA, and the urease/Hsp 

complex.

To correlate the different immune responses observed with each of these 

antigens with age, sex, socio economic status and clinical presentation.

To determine the immune response to specific antigens in children (4-19yrs).
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Chapter 2

2 Material and Methods

The project consisted of immunoassays and molecular biological studies. 

Serum from subjects were studied by ELISA for an IgG response to H. pylori, 

Gag A, LPS and urease. Salivary antibodies to H. pylori and stool antigen 

were determined as appropriate using ELISA.

Immunoblotting was performed* to determine the antibody response - to 

selected bands of H. pylori lysate. Molecular biological studies consisting of 

PGR and probing was done to determine the prevalence and strain types of H. 

pylori. Demographic data was obtained by questionnaire (Appendix I).

2.1 Enzyme linked immunosorbent assay

Principle

ELISA is based on the premise that one immuno-reagent can be immobilised 

on the carrier surface and the reciprocal immuno-reagent can be attached to 

an enzyme in a manner that the activity of both can be retained. The antigen 

is adsorbed to a solid -phase support (usually plastic microplates) by passive 

adsorption. The test samples (usually serum) thought to have antibodies 

present are incubated in this sensitised support.

Excess serum components are washed away and an enzyme-labelled anti 

human immunoglobulin conjugate is added. The conjugate will become 

attached to the antigen -antibody complexes on the surface. Excess un

reacted conjugate is washed away after an incubation period, and enzyme 

substrate solution is added to the reaction on the solid phase. The amount of 

conjugate attached is measured by the amount of substrate that it degrades.
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The rate of degradation of the substrate is usually indicated by the colour 

intensity of the substrate solution, which is proportional to the antibody 

concentration in the test sample. Finally the reaction is stopped and the colour 

of the reaction is measured in a spectrophotometer.

This indirect method has been widely used for the measurement of 

antibodies in virtually all human and animal infections. This is a very useful 

method since a single labelled antihuman globulin, can be used to detect any 

antibodies regardless of the disease state that is being investigated. More 

sophisticated investigations can be done using separate enzyme conjugated 

antibody to IgG, IgM, IgA and subclasses of IgG and IgA. In this way class 

specific antibodies can be detected and measured as described by Voiler et 

al., (1976).

2.2 ELISA assays using prepared kits (commercial kits)

2.2.1 Detection of IgG to high molecular weight cell associated proteins of H.

pylori

Principle

This assay is based on an indirect ELISA to detect IgG formed against high 

molecular weight cell associated proteins of H. pylori. If antibody is present in 

the patient’s serum antigen/antibody complexes are formed. After washing the 

unbound sample from the well, peroxidase conjugated antihuman IgG is 

added to the wells. During incubation the conjugate will bind to human
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antibody. After washing the unbound conjugate from the well, substrate is 

added and incubated.

The enzyme conjugate present will react with the tetramethylbenzidine 

(TMB) substrate, resulting in colour development. The absorbance of the 

solution measured at 450nm is directly related to the concentration of antibody 

to H. pylori.

Materials -(SIATM' SIGMA DIAGNOSTICS- UK)

Wash buffer

1% (w/v) Proclin ™ 300 as preservative.

H. pylori antigen coated wells

H. pylori antigens (high molecular weight proteins including urease ) coated 

wells.-1 2 x8

Controls

Calibrator 1- negative 

Calibrator 2- low positive 

Calibrator 3- positive

(All sera contained Proclin ™ 300 as preservative.)

Conjugate

Antihuman IgG (gamma-chain-specific) peroxidase-linked, affinity purified with 

preservative Proclin ™ 300
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Substrate

3,3% 5,5' tetramethylbenzidine (TMB)

Stop solution 

1 M sulphuric acid 

Method

The test was performed according to the manufacturer's instructions.

Patients’ serum was diluted 1/100 in wash buffer; the working volume was 

lOOpI, the standard controls and diluted sera were added to pre-coated wells 

and incubated for 20 minutes at 26°C. The plate was washed three times with 

wash buffer; left in buffer for 1 min and removed by striking the plate on a firm 

surface. The conjugate (lOOpI) was added to all wells and the plate re

incubated. After 20 minutes at 26° C, the plate was washed three times as 

described, substrate added and re-incubated for 10 minutes. The reaction 

was stopped with lOOpl of stop solution.

The absorbency was measured at 450nm using an ELISA reader (Dynatech 

MR5000). The average optical density (OD) values of blank wells were 

determined, and this was deducted from all experimental results. Results were 

calculated manually using a linear graph paper. The calibrator values were 

plotted on the X-axis versus their corresponding absorbence value on the Y- 

axis. The best-fit straight line between the three points was drawn. The value 

of each patient’s sample was obtained from this calibration curve.
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Interpretation of the results

Values > 2.2 were considered positive and <1.8 were considered negative. If 

borderline values (1.8-2.2) were obtained, the samples were re- tested. If a 

repetition of the test showed a negative result, the sample was recorded as 

negative. If repetition of the test showed a positive result then the sample was 

taken as positive. If border line value persisted after repetition then that 

sample was excluded from the study.

2.2.2 Test for IgG to cytotoxin associated protein A (CagA)

Principle

This is an indirect enzyme immunoassay. The purified antigen is attached to 

microtitre wells, and antigen -specific antibodies in the patient’s serum will 

bind to the antigen. Non- specific antibodies are removed by washing. 

Horseradish peroxidase labelled-goat anti-human IgG is added and binds to 

any human antibodies in the well. The excess conjugate is washed away and 

after appropriate incubation, the OD of the substrate is measured.

Materials - (HELORI (CTX 08723), EUROSPITAL, ITALY)

Wash solution

Concentrate solution with a detergent and preservative 

Microtitre plate coated with purified recombinant CagA antigen
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Controls

Positive control -  human sera with preservative 

Negative control -  human sera with preservative 

Calibrator - positive control human serum in buffer solution

Conjugate Horseradish peroxidase conjugated labeled goat-antihuman-IgG 

antibodies in a buffer solution with preservatives

Substrate 3,3‘, 5,5' tetramethylbenzidine (TMB) in buffer with a preservative.

Diluent 

For samples

Stop solution 

1 M sulphuric acid

Method

Serum samples were diluted 1/100 in the sample diluent provided. The 

working volume was lOOpl. Diluted serum was added in duplicate, as were the 

calibrator, positive and negative controls. The plate was incubated for 60 

minutes at 37° C and washed x3 with wash buffer provided (as described 

previously). Conjugated anti-human IgG was added to each well and re- 

incubated for 60 minutes at 37°C. After washing as described chromogenic 

substrate was added to each well and incubated for 30 minutes at 37°C. The
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reaction was stopped with stop solution and the results were read at 450nm 

using an ELISA Reader, The OD values of blank wells, were deducted from all 

results.

Interpretation of results

The concentration of each sample was expressed as units obtained from the 

following formula;

No of Units = (Sample O D x Calibrator value)

Calibrator O D

Negative = <5 units

Borderline = 5-7.5 units

Positive = >7.5 units

2.2.3 Detection of IgG to H. pylori in saliva 

Principle

The test employs a H. pylori antibody- antigen capture ELISA format; the wells 

of the plate are coated with antibodies directed against human IgG. When 

undiluted samples are incubated in the wells a constant representative sample 

of IgG antibodies present are captured. After a washing step, any specific 

antibodies are subsequently captured by H. pylori antigen, which has been 

labelled with biotin. After further washing, any captured biotinylated. H. pylori 

antigen binds to avidin-labelled peroxidase reagent. After a final wash, the 

peroxidase enzyme reacts with TMB substrate solution to give an intense blue
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colour. Addition of acid stops the reaction and readings are then taken with an 

ELISA reader.

Materials- (Hp-AAC, CORTECS DIAGNOSTICS, UK.)

Wash solution

Concentrate Tris buffered saline with wetting agent and preservative.

Antibody sensitised microwell plate coated with a predetermined amount of anti 

human IgG antibody.

Controls

Positive control-human serum containing H. py/on-specific antibodies, in PBS 

with carrier protein and thiomersal as a preservative.

Negative control-human serum containing low (undetectable) levels of H. py/on- 

specific antibodies in PBS with carrier protein and thiomersal preservative.

H. pylori biotinylate reagent freeze-dried H. pylori antigen labeled with biotin in 

PBS with carrier protein and thiomersal preservative.

H. pylori biotinylate reconstitution buffer containing PBS with carrier protein 

and thiomersal preservative.
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Avidin peroxidase reagent a solution of streptavidin-labeled with horseradish 

peroxidase enzyme in phosphate enzyme in PBS with carrier protein and 

thiomersal preservative.

Substrate -3,3% 5,5' tetramethylbenzidine (TMB) in buffer with a preservative.

Stop solution 

25% phosphoric acid.

Saliva collectors (Omnisa R Saliva collectors, Tepnel Biosystems Ltd, UK) 

Saliva left at 4° C until use (24 hours).

Method

Saliva and controls (50 pi volumes) were added to appropriate wells, mixed 

gently and left at room temperature for 15 minutes. The plate was washed X 5 

and tapped dry. H. pylori biotinylate was added to each well and left for 30 

minutes at room temperature. The plate was washed as before and 50 pi of 

avidin peroxidase was added and left for 15 minutes. After washing again as 

above, lOOpI of TMB substrate was added and left for 30 minutes. The 

reaction was stopped by the addition of 50pl stop solution per well. The plate 

was read in an ELISA plate reader at 450 nm with blanking on air, and the 

results calculated according to the formula given below.

(Mean OD Negative) x 2= cut off
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The positive control OD must be above the cut off for the test to be valid. All 

samples within an indeterminate range (OD 450 in range 1.5-2 x OD of 

negative) were repeated.

2.2.4 ELISA for the detection of H. pylori antigen in stool specimens 

Principle

The test utilises polyclonal anti H. pylori capture antibody adsorbed to 

microwells. Diluted patient samples and a peroxidase conjugated antibody is 

added to the wells and incubated for 1 hour at room temperature. A wash is 

performed to remove unbound material; substrate is added and incubated for 

10 minutes at room temperature. Colour develops in the presence of bound 

enzyme. Stop solution is added and the results are interpreted visually or 

spectrophotometrically.

Materials- (HpSA, PREMIUM PLATINUM, MERIDIAN DIAGNOSTICS, 

ITALY.)

Wash buffer-180mM PBS with preservative (pH 6 .8 )

Antibody coated microwells- coated with rabbit polyclonal antibodies specific for

H. pylon

Controls

Positive control - inactivated H. py/or/American tissue culture collection (ATCC) 

43504 in a concentration of 37.5g protein/ml in lOmM PBS and preservative 

Negative control -1 OmM PBS with preservative
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Sample diluent-1 OmM PBS and preservative

Conjugate- rabbit polyclonal antibody specific for H. pylori conjugated to horse 

radish peroxidase in 50mM Tris buffered solution containing preservative (pH 

7.8)

Substrate-citrate acetate buffered solution containing urea peroxidase and TMB 

Stop solution-2M sulphuric acid (pH < 1)

Method

Diluted stool (according to manufacturers instructions) and controls (50pl) 

were added to the appropriately marked wells on the micro plate. Conjugate 

(50 pi) is added to each well and incubated for an hour, then washed three 

times and padded dry. Substrate (100 pi) was added and incubated for 10 

minutes at room temperature. The reaction was stopped with stop solution and 

a visual reading was taken with negatives defined as colourless to faint yellow 

and positives a definite yellow.
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2.2.5 In - House assays

2.2.5.1 Extraction of LPS - Phenol water extraction (Westphal 1965)

H. pylori NCTC 11638 was grown on 20 Columbia, horse blood agar plates 

(Oxoid, UK .cat -P0812A) in a closed jar in an atmosphere of 5-15% O2 and 

10% CO2 at 37°C for 5 days; the growth was scrapped off and suspended in 

20ml of distilled water and centrifuged at 2000 g for 20 minutes. The sediment 

was suspended in 35ml of water and placed, irî’ à water bath at 65- 6 8 °. An » 

equal volume of 90% phenol (Merck, UK, CL0120), pre-heated to 65- 6 8 ° 0 

was added with vigorous stirring and the mixture was incubated for 10-15 

minutes at 65- 6 8 ° 0. After cooling to about 10°C in an ice bath, the emulsion 

was centrifuged at 3000 g for 30 -45 minutes, which resulted in the formation 

of 3 layers: water, phenol and an insoluble residue, the latter occasionally 

forming a layer at the water phenol interface. The water phase (with the LPS) 

was removed and the phenol layer and the insoluble residue were treated at 

65° 0  with another 35ml of water as above. The combined water extracts were 

dialysed for 3-4 days against distilled water to remove phenol and any low 

molecular weight bacterial substances. This solution was then concentrated to 

about 5 ml and freeze- dried (Hetovac, Heto lab equipment, UK).

The extracted LPS was electrophoresed on a 12% polyacrylamide gel and 

silver stained to determine the step ladder pattern seen with LPS, using the 

Biorad Silver stain plus kit (Bio Rad laboratories, UK.cat no-161-0449) (Tsai 

and Frasch 1982). (Figure 3)
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2.2.5.2 Urease extraction (Bruce et al., 1989)

H. pylori was grown as above on 20 plates of Columbia horse blood agar 

(Oxoid, UK. cat P0812A). The growth was harvested, by flooding the plates 

with 2ml of 0.15M NaCI, kept on ice and centrifuged at 5000g for 20 minutes 

at 4 °C. The sediment was suspended in 30ml of distilled water and vortex 

mixed for 45-60s. The cells were sedimented by centrifugation at 10,000 g, for 

20minutes at 4°C. The supernatant was concentrated sequentially using a

100,00 centri-plus (Millipore, UK. - cat no-4424). Gel electrophoresis was 

performed as above to determine the molecular weight of the substances 

extracted. (Fig 4). The protein concentration was estimated by the Warburg 

and Christian method (Warburg at a!., 1941).



Figure 3. SDS-PAGE profile of H. pylori lipopolysacharide stained in silver

Figure 4. SDS-PAGE of H.pylori crude extract urease /Hsp complex
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2.2 .5.3.ELISA for LPS and urease 

Principle- indirect ELISA as described above.

Materials

Coating Buffer -0.05M Carbonate buffer pH 9.6 

Sodium Carbonate (Na2C0 3  anhydrous)

Sigma, U.K. S-2127 2g

Sodium Hydrogen Carbonate (NaHCOs)}

Merck, U.K.- 10247 2.23g

Non pyrogenic water 1 litre

Washing Buffer- PBS (pH7.4)

Potassium dihydrogen orthophosphate 0.2g

(KH2PO 4 ) (Merck, U.K. 102034B)

Potassium Chloride (KCL) (Sigma, U.K.- P4504) 0.2g

Di-Sodium hydrogen orthophosphate dihydrate 1.135g

(Na2HP0  4) (Merck, UK cat no-102494C)

Sodium Chloride (NaCI) (Merck, UK cat n o -10241) 8.0g

Polyoxyethylene sorbitan monlaurate 0.5ml

(Tween 20) (Sigma, U.K. P I379)

Non pyrogenic water 1 litre
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Substrate

2,2 Azino-di-(3-ethyl benzthiazoline sulphonic acid) (ABTS)

(Sigma, UK cat no-A1888)

Citrate/phosphate Buffer (CPB) pH 4.1 

Solution A-

Citric acid (COON- CH2-CH2-COOH) 21.02g

(Merck, UK. cat no-10081)

Ultra pure water 1 litre

Solution B- Di Sodium hydrogen

orthophosphate dihydrate 17.79g

(Na2HP0 4 .2 H20 )

(Merck, UK. cat no- 103834G)

Ultra pure water 1 litre

Solution A -14.7 ml to 12.2 ml of solution B gives a CPB (pH 4.1) ABTS 50mg 

in lOOmIs of CPB and 72 pi of 30% H2 O2 (Sigma, UK)

Stop Solution

Sodium fluoride (NaF) (Sigma, UK. cat no S7920) 96mg 

De-mineralised water 50ml
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Secondary antibody

Horseradish peroxidase conjugated goat anti human IgG 

(Sigma, UK. -A2290)

Micro titre plates

Nunc immuno plates (Maxisorp F 96, Nunc, Denmark)

Method

The antigen concentrations to be used in the ELISA were determined using a 

checker board titration, with known positive and negative sera from each of 

the populations tested (Kurstak 1985)

The antigen was coated in NaHCOa buffer (pH9.6) in microtitre plates 

(100pl/per well) by incubation at 37° C for 2 hours. Plates were washed 3X with 

1% PBS, Tween 20 (buffer left for 1 minutes and removed by striking the plate 

on to a firm surface), and were blocked with 1% bovine serum albumin (BSA) 

in PBS overnight at 4°C. The following day the plates were washed again X 3 

the patients’ serum (diluted 1/100 in 1% BSA /PBS) was added (lOOpl/well) 

and incubated for 2 hours at room temperature. Plates were washed 3X and 

antigen-bound IgG antibodies were detected with peroxidase -conjugated 

secondary antibody (Goat anti human IgG- Sigma) by incubating at 4°C 

overnight. The following day plates were washed 3X as before, ABTS was 

added for 20 minutes, the reaction stopped with the stop solution and the OD 

read at 650nm using an ELISA reader (Dynatech MR500). The average optical 

density (OD) values of background control (antigen +conjugate+substrate)

92



control wells were determined, and this was deducted from all experimental 

results.

For each of the different populations tested the cut off was determined by 

using 2 0  known negative serums from healthy individuals from that population 

and was defined as the mean +/- 2 SD. All tests were carried out with a 

background control (antigen + conjugate+ substrate), positive control and 

negative control.

2.3 Murine assays

2.3.1 Cytokine assays 

Principle

These assays are quantitative sandwich enzyme immuno assays.

Monoclonal antibodies specific for IFN gamma, IL12, 4, and 10 had been 

precoated to microplates. Standards, controls and samples for the respective 

assays were added to wells so that any specific cytokines for each assay 

performed would bind the immobilised specific antibody.

The unbound substances were then washed away, enzyme linked polyclonal 

antibodies specific for each of the cytokines was added to the specific assays. 

This was again washed to remove unbound substances and a substrate solution 

was added, the reaction was then stopped with a stop solution provided and the 

intensity of the colour was measured.
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Materials - (Quantikine M Murine R&D Systems, UK)

Microplates- coated with monoclonal antibody specific for IL4,

IL12, IL10, IFN gamma

Conjugate concentrate- containing antibody to each of the cytokines 

IL4, IL12, IL10 or IFN gamma

Conjugate diluent-diluent for antibody conjugate with preservatives.

Standard- for each of the assays diluted according to manufacturer’s instructions 

for each assay.

Control- for each of the assays with specified value for each assay.

Assay diluent -  PBS

Calibrator diluent- A buffered protein solution with preservatives.

Wash buffer concentrate- concentrated solution of buffered 

surfactant

Colour reagent A- Stabilized hydrogen peroxide

Colour reagent B- Stabilized chromogen (Tetramethylbenzidine)

Stop solution- diluted hydrochloric solution
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Method

Samples were prepared for each of the assays according to the 

manufacturer's instructions using the calibrator diluent. Sample, control, and 

standards were added to the wells (50pl volumes) and incubated for 2 hours at 

room temperature. The plate was washed x3 and the plate was tapped dry 

before adding 100 pi of conjugate to each well. This was incubated for another 

2 hours washed x3 as before and 100 pi of substrate added avoiding direct 

light. This was incubated for 30 minutes at room temperature and stop solution 

was added to stop the reaction. The optical density was recorded at 450nm. 

Interpretation of results

A standard curve was created by plotting the mean absorbance of each 

standard on the Y-axis against the concentration on the X-axis and drawing the 

best fitting curve thought the points. Each cytokine level was determined using 

specific curves for that cytokine.

2.3.2 in house assay for mouse IgG to LPS, urease/Hsp,rCagA, rVacA and

whole cell lysate

The antigen concentrations (LPS, urease, rCagA, rVacA) used in the ELISA 

were determined using a chequer board titration, with sera obtained from 

C57BL/6 mice in each group at 6  months (as positive control) and from mice 

injected with saline as the negative group (Kurstak 1985).

Microtitre plates were coated with 10 pg/ml of antigen in NaHCOs buffer 

(pH9.6) in a volume of lOOpl/per well) and incubated at 37° C for 2 hours. 

The plates were washed three times with 1% PBS, 0.05% Tween 20 (the
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buffer was left for 1 minute and removed by striking the plate on to a firm 

surface). Non specific binding was prevented by blocking with 1% bovine 

serum albumin (BSA) in PBS incubated overnight at 4°C. The following day 

the plates were washed again three times. The mouse serum (diluted 1/10 in 

1% BSA /PBS) was added (lOOpl/well) and incubated for 2 hours at room 

temperature. Plates were washed three times and antigen- bound IgG 

antibodies were detected with peroxidase-conjugated secondary antibody 

(1/200 dilution-Goat anti mice IgG- Sigma, UK) by incubating at 4°C overnight. 

The following day the, plates were washed three times as before, ABTS was 

added for 20 minutes whilst left in dark. The reaction was stopped with the 

stop solution and the OD read at 650nm using an ELISA reader (Dynatech 

MR500).

2.4 immunoblot

Principles of SDS PAGE and Western blotting

This method was initially described by Ornstein (Ornstein 1964) and Davis 

(Davis 1964) modified subsequently by Laemmli (Laemmli 1970). It is a 

system of zone electrophoresis of proteins in polyacrylamide gel using a buffer 

system, which is designed to dissociate proteins into their individual 

polypeptide subunits. The most common dissociating agent used is the ionic 

detergent sodium dodecyl sulphate (SDS). The protein mixture is denatured 

by heating at 1000° in the presence of excess SDS and a thiol reagent ((3 

mercaptoethanol) to cleave the disulphide bond. Under these conditions most
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polypeptide binds SDS in a constant weight ratio. The intrinsic charges of the 

polypeptides are insignificant compared to the negative charges provided by 

the bound detergent so that the SDS- polypeptide complexes have essentially 

identical charge densities and migrate in polyacrylamide gels of the correct 

porosity strictly according to polypeptide size (Shapiro et al., 1967), (Weber 

and Osborn 1969).

A discontinuous buffer system is used, where the samples and stacking gel 

contain Tris HCL (pH6 .8 ), whilst the upper and lower buffer reservoirs contain 

Tris-glycine (pH8.3). At pH 6 . 8  in the sample and stacking gel, glycine is 

poorly dissociated so that effective mobility is low. Cl' ions have a much 

higher mobility at this pH whilest the mobility of the protein is intermediate. 

The moment the voltage is applied, the Cl' ions migrate away from the 

glycine leaving behind a zone of lower conductivity.

The moving boundary sweeps the proteins so that they become 

concentrated into very thin zones or stacks one upon the other. The 

concentration of protein in the moving boundary depends only on the 

concentration of Tris-HCI in the stacking gel and not on the initial 

concentration of the protein in the sample. When the moving boundary 

reaches the interface of the stacking and resolving gels, the pH value in the 

gel increases markedly and this leads to a large increase in the degree of 

dissociation of the glycine.

Therefore, the effective mobility of the glycine increases so that glycine 

overtakes the protein and now migrates directly behind the Cl' ions at the 

same time the gel pore size decreases markedly, retarding the migration of
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the protein by molecular sieving. These two effects un-stack the protein and it 

now moves in a zone of uniform voltage gradient and pH value, thereby 

separating proteins according to their intrinsic charge and size, the latter 

depending on the molecular sieving effect of the small pore resolving gel.

When the SDS PAGE is finished, the proteins can be detected by 

Coomassie brilliant blue or silver staining. However, if the proteins are to be 

recognized by polyclonal or monoclonal antibodies an immunoblotting step is 

necessary (often referred to as Western blotting), where the proteins are 

transferred on to a nitro-cellulose membrane (0.45pM pore size). The proteins 

bind to the surface of the membrane and can react with immuno detection 

reagents. The remaining binding sites are blocked by immersing the 

membrane in a solution that contains either a protein or a detergent blocking 

agent.

After being blocked, the membrane is treated with the primary antibody 

(usually serum), the excess is washed away and the antibody-antigen 

complex is identified with horseradish peroxidase or alkaline phosphatase 

(enzyme bound to the secondary antibody, which requires an avidin-biotin 

bridge). Finally, bound antigens are typically visualized with a chromogenic 

substrate, such as 4-chloro-1-naphthol, which is commonly used with 

horseradish peroxidase. Protein bands usually appear within a few minutes.
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Materials 

Gel preparation

Separating gel buffer-1.5M Tris MCI (pH8 .8 )

Tris hydromethyl aminomethane 9 9 %(NH2(CH2 0 H)3)

(Lancaster, UK. cat no-2010644 ) 27.23g

Distilled water 80ml

Tris base (hydroxymethyl methylamine) 27.23g is dissolved in 80ml,of ultra 

pure water and the pH adjusted to 8 . 8  with 6 M MCI, ultra pure water is added 

to give a final volume of 150ml and stored at 4°C.

Stacking gel buffer 0.5M Tris MCI (pH6 .8 )

Tris hydromethyl aminomethane 99% (NH2(CH2 0 H)3) (Lancaster, UK. cat 

no-2010644) 6 g

Distilled water 60ml

Tris base 6 g is dissolved in ultra pure water and the pH adjusted 

the to 6 . 8  with 6 N HCI and made up to 100ml with ultra pure 

water. Stored at 4°C.)

10% Sodium diodecyl sulphate (SDS)

Sodium diodecyl sulphate (SDS)

(Sigma, UK cat no -L6026) lOg

Distilled water 90ml
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SDS 10g is dissolved in 90ml of distilled water with gentle stirring 

and made up to 100ml with distilled water, stored at 4°)

10% ammonium persulphate (APS)

APS (Sigma, UK. cat no A9164) O.lg

Distilled water 1ml

APS O.lg is dissolved in 1ml of distilled water. Made freshly.

Temed- (N,N,N,N-tertramethylethylenediamine) (Sigma ,UK. cat no-T7024)

30% Acrylamide (Biorad laboratories, UK. cat no-1610158)

2 X protein Loading buffer (National diagnostics, UK. cat no-EC8 8 6 ) 

Glycerol 20%

p mercaptoethanol

10% SDS 4.6%

Stacking buffer, Tris HCL 0.125 M, pH 6 . 8  2.5ml

Bromophenol blue 0.1%

ultra pure water 0 . 1  ml

Molecular weight markers

(SDS-PAGE standard, broad range. Biorad, UK. cat no 1610317) 

Molecular weight marker 1 |il
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Distilled water 10|il

Loading buffer. 15)il

Preparation of Antigen

Helicobacter siram NCTC 11638 strain was grown for 5 days on 10 plates of 

Columbia horse blood agar as described previously (Oxoid, IÎK. cat P0812A). 

•The growth was scraped'off into 5. ml o f  distil led water, chiltecfon ice/and 

sonicated, using a vibra cell sonicator at an amplitude of 60 for 6  minutes. The 

protein concentration was estimated by the Warburg anà Christian method 

(Warburg et a/.,1941).

Nitro-cellulose membrane: (Amersham Life Sciences. U.K. Hybond-C-extra, 

Nitrocellulose supported, 0.45 micron, SOcmx 3M roll- RPN 3034).

Bio Rad transfer kit

(Bio Rad, U. K. Mini protean II electrophoresis cell, mini transblot 

electrophoresis transfer cells, cat- no 1703930 )

Filter paper ( Whatman, UK. cat no 3030917)

Transfer buffer

Glycine (Merck, U.K.-1 Oil96X) 14.4g

Tris hydromethyl aminomethane 3.03g

(NH2 (CH2 0 H)3) -(Lancaster, U.K. 2010644)
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Methanol 2 0 0 ml

Reagents were dissolved in 200ml of methanol and made up to 1000ml with 

distilled water.

Ponceau S solution- (Sigma, U.K. cat no P7170) 

Ponseau 8  

Trichoroacetic acid 

Sulphosalicilic acid 

Distilled water

2 g

30g

30g

1 0 0 ml

Choloronapthol solution

4 chloro 1 naphthol (Sigma C8890)

methanol

PBS

H2O2 (30vols)

O. lg

1 0 ml

1 0 ml

30ml

4-choloro-1 -napthol was dissolved in 10ml of methanol

and lOOpI of this solution was added to 10ml of PBS and 30pl of 30% H2O2 .

Peroxidase conjugated goat immunoglobulin to human IgG 

(Harlan Sera Lab, UK. cat no- SBA 2040 05)

Method

Preparation of stacking and separating gel for protein separation (Table 1)
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The BioRad gel kit was assembled and checked for leakage. The separating 

gel was poured with ink flater up to the level. Immediately some distilled water 

was added very slowly over the separating gel and left to solidify. The stacking 

gel was then added over the separating gel and the combs placed carefully 

and left to solidify.

Preparation of serum samples

The appropriate concentration of antigen (50 pg/well) (after chequer board 

titration) and the molecular weight marker was boiled with loading buffer in a 

boiling water bath for Sminutes.The first well in the gel was loaded with 

molecular weight marker and the rest with the sonicated antigen. This was 

carried out in a fume cupboard.

Running the gel

The Bio Rad kit was assembled according to the manufacturer’s instructions 

and connected to the power pack. The running buffer was added to the tank 

and a constant voltage of 200V constant and 60mA/gel was maintained for 45 

minutes.

The gel was then removed and equilibrated in the transfer buffer before 

blotting to membrane, the separated antigens, (see below): followed by nitro

cellulose blotting and immuno-fixation with enzyme-labelled antiserum.
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Transfer

The tank was assembled according to the manufacturer’s instructions The 

assembled gel-membrane was placed in the tank with transfer buffer, cooling 

pack and a magnet. The tank was kept on a stirrer connected to a power pack 

and the transfer done at a constant current of 350mA and 100V for GOminutes.

Blotting

The membrane was stained with Ponceau S to visualise the transfer of 

antigens and protein marker. Light pink bands indicated successful transfer. 

Using this as a guideline, the lanes were marked with pencil and cut into 

single lane strips.

The marker band was left and the rest of the strips washed in PBS/ Tween 

for 10 minutes and then washed off with distilled water. The washes were 

repeated twice. These strips were then blocked in 5% milk (Marvel) overnight 

at 4° C.

The primary antibody was diluted at 1:100 (after chequer board titration to 

conclude the dilution factor) in 1% milk and SOOpI added to each strip. These 

were placed in a BioRad tray and incubated on a shaker for 2 hours at room 

temperature. Blots were washed 3 times in PBS/ BSA/Tween 20 for Sminutes, 

with a final wash of distilled water.

The secondary antibody peroxidase conjugated immunoglobulin to human 

IgG- (Harlan) was diluted 1:1000 (after chequer board titration) in PBS/ 

BSA/Tween 20, poured into wells and incubated for 1 hour on a shaker.
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The strips were washed as before, given a final wash in PBS and rinsed in 

distilled water. The bands were detected with chloronapthol solution (made 

just before use using gloves) for 20minutes at room temperature. Once the 

colour developed the dye was removed by rinsing the strips in tap water. The 

blots were dried, placed along the markers and stored.

Reading of results

Six to seven commonly noted bands which were considered to be major 

bands were studied. These were chosen because they are usually clear and 

unequivocal and can be measured with a certain degree of confidence (Hook 

et a!., 1997). The molecular masses of the bands were as follows. CagA (120 

kDa), VacA (89 kDa), urease sub-units (urease H 30 kDa, 6 6  kDa and urease 

A 26.5 kDa), and outer membrane proteins (35 kDa, &19 kDa) (Mayo at al., 

1998). The positions of the immuno reactive bands were assessed with a 

calibration curve constructed by plotting the distance migrated against the log 

of molecular masses (in kilo Dalton).
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2.5 Isoelectric focusing

Principles

The principle of lEF was applied to separate amino acids as early as 1912, but 

the techniques did not become practical for the fractionating macromolecules 

such as a protein until the introduction of natural pH gradients and suitable 

ampholytes.

Isoelectric focusing is based on electrophoresis but instead of the separation 

being at a constant pH, the separation is carried out over a pH gradient, which 

is established between the two electrodes within the ampholytes. The pH 

range covered by the gradient and the stabilisation of the gradient are 

dependent upon zwitterionic ampholytes present in the gel. Proteins migrate 

until they align themselves at their isoelectric point (pi) where they have no net 

overall charge and therefore concentrate at this point where their migration 

ceases.

lEF is an ideal method for concentrating small amounts of proteins into tight 

bands. These are subjected to passive protein transfer onto a nitro-cellulose 

membrane (NCM) where their immuno detection is achieved by horseradish 

peroxides as a visualising agent.

lEF is therefore an equilibrium technique in which the effects of diffusion are 

over come. It is the electrophoretic technique with the highest resolution, for 

separation of components that differ by 0.001 pH unit or less. The pi of a 

protein is defined as the physiochemical constant pH at which electrophoretic 

mobility stops.
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One of the important considerations recognised by Svensson, who developed 

the technique (Svensson 1962), concerns the electrochemical reactions, 

which take place in the electrodes.

Anode: 6 H2 0 ~ - 0 2 + 4 H3 + 4e becoming acidic 

Cathode: 4 H2 0 +4 e-— -2H2+ 40H naturally becoming alkaline 

The amphoteric property is fundamental to the principle of lEF, because at 

some point the overall charge of the amino acid or protein of lEF, will be zero 

and this is the pi.

A homogenous protein such as albumin gives a single band on lEF. 

Heterogenous proteins, such as the immunoglobulins comprise a large 

number of charge isomers; due to polymorphism. Usually there are so many 

polymorphic immunoglobulins that they are not resolved into separate 

components by lEF, thus oligoclonal bands which are homogenous products 

of individual lymphocyte clones show themselves as homogenous 

components super imposed upon a heterogeneous background.

Materials 

Aqueous glycerol

Glycerol (Merck, U.K.-cat 101186M) 10ml

Distilled water 90ml
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Saline

Sodium chloride (NaCI) (Sigma,U.K. cat no 10241) 8.5g

Distilled water 1 litre

Sodium hydroxide 1M 

Sodium hydroxide (NaOH)

(Merck, UK. cat no 102524X) 40g

Distilled water 1 litre

Sulphuric acid 0.05M

Sulphuric acid (H2SO4) (Merck, UK.cat no-10276) 1.4ml 

Distilled water 500ml

Sodium acetate buffer.2M stock solution

Sodium acetate (Merck, UK. cat no 1023) 27.5g

Distilled water 1 litre

Preparation of the gel (Prepared on the day of use)

D Sorbitol (Sigma.UK.cat no - S I876) 3.6g

Agarose lEF

(Pharmacia, UK.cat no 17 0468 01) 0 .3 gm

Pharmalyte pH 3-10

(Pharmacia, UK. cat no 17 0456 01) 2ml
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Pharmalyte pH8-10

(Pharmacia, UK. cat no 17 045501) 0.5ml

Gel casting frame (Pharmacia, M/8-1016-82)

Gelbond film (Pharmacia, M/8-1016-82)

D-sorbitol and agarose were added to distilled water, containing 30ml, 10% 

V/V glycerol boiled to dissolve and cooled to 65°C in a water bath. 

Pharmalyte pH 3-10 2ml and 0.5ml Pharmalyte 8-10 were added to the cooled 

solution and cast on a gel casting frame and when set, was stored at 4°C 

overnight in a moist chamber.

Nitrocellulose membrane (NCM)

(Gelman Sciences, U.K. Biotrace ™ NT .45^ M (P/N 76158 B) No 66489- 

2 0 x2 0 cm)

The membrane was cut to size of the gel and incubated in 50ml of saline 

containing 50pl of antigen (sonicated whole cell lysate prepared as described 

above) overnight at 4°C. Before use the membrane was blocked in 2% milk in 

saline for Ihour.

Goat anti-human Fc specific IgG (DAKO, Denmark cat no P 0160)

Rabbit immunoglobulin to goat radish peroxidase (Sigma, UK. cat no A 8419)
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Colour detection

Ethyl aminocarbozole (Sigma, U.K A5754) 0.01g

Methanol 10ml

Acetate buffer-(0.02M pH5.1) 50ml

(30%) 100mI

Method

Running the gel

Serum samples were diluted 1:3, in distilled water. The gel was allowed to 

equilibrate, to room temperature in a moist chamber. The frame and edge of 

the gel were removed by cutting the outermost 2 mm from the gel using a 

surgical blade. The gel was sealed on the lEF apparatus using 50% aqueous 

methanol after the apparatus had cooled. Excess fluid was removed with 

tissue paper and the surface of the gel was dried using a sheet of NCM. The 

sample application foil (Pharmacia) was placed 2.5cm from the anodic edge of 

the gel. The sample (5pl) was loaded, taking care not to damage the gel 

surface. An electrode wick soaked in 0.05M sulphuric acid was used as the 

anode. A second electrode wick was soaked in 1M sodium hydroxide for the 

cathode. Paper towels were folded to form soak always and placed on the two 

edges of the gel. lEF tank electrodes were placed above in wicks and the lid 

was placed on the tank. Electrophoresis was performed at maximum voltage; 

maximum current with the power set at 18W. Initially gels were run for 

SOminutes. The application foil was removed and the gel was run again for a 

further SOminutes.
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The previously prepared antigen-bound NCM was taken rinsed in saline and 

dried between sheets of filter paper; excess fluid from the electrodes were 

removed, the gels surface pre-blotted and the antigen bound membrane then 

placed on the gel. A filter paper dampened with water, were placed on top of 

the membrane, several sheets of filter paper was placed on this followed by a 

glass plate and a 3 kg weight. The proteins were allowed to transfer for 

SOminutes.

After the transfer, all the filter paper was removed and discarded, the NCM 

was peeled from the gel and immersed in saline with the protein uppermost, 

and washed 3 times in distilled water. The membrane was then placed in 50ml 

of 0.2% milk containing 50pl goat anti -human Fc specific IgG on a rocker for 1 

hour.

The membrane was washed 3 times in distilled water, given a final wash in 

saline for at least Sminutes, and then left in 50ml of 0.2% milk containing 50pl 

of rabbit anti goat IgG with horse radish peroxidase 1 hour. The NCM was 

washed as above, and rinsed in 50ml distilled water.

The NCM was immersed for 30minutes to develop colour, washed in tap 

water, rinsed in distilled water and air-dried.
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Figure 5. 1ER - Oligoclonal response to H.pylori specific antigen

Oligoclonal >
bands ?
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Interpretation (Fig 5) 

lEF patterns are usually interpreted in terms of bands, in an oligoclonal 

response there are multiple bands from a single clone product. Showing 

typically 3-5 periodically spaced bands, which decrease in intensity from 

cathodic to anodic regions. A monoclonal response is a single set of 3-5 

bands. A polyclonal response is not re-solved into separate components by 

lEF and gives diffuse bands.

This test can be utilised as a serum marker for long term colonization by H. 

pylori as a small number of cells responding to a single or limited number of 

epitopes are characterised by the appearance of oligoclonal bands.
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2.6 Polymerase chain reaction

Principle

The discovery of PCR was a key to the development of rapid diagnosis of 

infectious diseases, with an increased sensitivity. The basis of the method is 

the recognition of a specific nucleic acid sequence by a specific pair of short 

oligonucleotides (primers) that bind to opposite ends and to different strands 

of the target sequence. During the repetative thermocycling of the reaction 

mixture, the target sequence is amplified exponentially (Mullis and Faloona 

1987).

In a simple enzyme reaction consisting of buffer containing target DNA 

template, a primer pair, nucleotides and DNA polymerase, the reaction is 

undertaken in a series of 3 steps; thermal dénaturation, annealing and 

extension; these are repeated in a series of about 40 cycles. Thus PCR has 

become a very simple technique over the years, especially with the 

introduction of thermostable DNA polymerase, Taq polymerase purified from 

Thermus aquaticus (Chien etal., 1976).

During dénaturation, double stranded DNA template is exposed to high 

temperatures to allow separation. The de-naturation temperature depends on 

the G+C content of the template with a higher temperature needed for a 

higher G+C content. The temperature used for dénaturation is usually 94°- 

97°C. The time range varies from 30 sec to 5 minutes depending on the DNA. 

if the temperature is too high or held for too long the activity of the enzyme 

could be reduced unnecessarily. On the other hand, if insufficient heating is
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applied DNA strands snap back resulting in incomplete dénaturation, which 

reduces product yield.

In annealing, the reaction mixture is cooled to a temperature to permit single 

stranded DNA to anneal to its primer or complementary strand in the mix. 

Annealing conditions depend on the base composition, as well as the length 

and concentration of the primers to be amplified.

Typically only a few seconds are required for annealing. Stringent annealing 

temperature control will increase the reaction specificity and best results are 

achieved with annealing temperatures in the range of 55°C to 72°C.

In the last step of the reaction, extension of the annealed DNA strands 

depends on the length and concentration of the target sequence and 

temperature. This is carried out between the range of 70°-72° C. The 

extension time depends on the concentration of material to be extended and 

usually an incubation time of 1 min is required for each kilobase of sequence 

to be extended. These three phases form a thermocycle, which is repeated 

normally between 35-40 times.

To avoid cross contamination that is a major problem in PCR, a set of 

micropiptettes were devoted exclusively for preparation of reaction mixtures, 

at a designated bench. Products from completed PCR were handled with a 

different set of micropipettes at a different location, all steps were handled with 

gloves and gown with change of gloves frequently and change of gowns pre 

and post PCR. Known positive and negative controls were included in all 

reactions after optimizing each set of primers used initially.
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Use of PCR in He//co/)acfer infections

PCR allows the in vitro production of large amounts of specific DNA and it 

provides a new approach to diagnosis; it has been used to detect H. pylori in 

gastric biopsies, gastric juice, dental plaque and faeces. It is also used as a 

method of typing, either from culture or directly from a specimen. Several loci 

have been used as targets for amplification e.g. 16SrRNA (Gramely, et al 

1999); the urease locus (A, B and C), (Lu et al., 1999); the vacuolating 

cytotoxin locus; (van Doom et al., 1998, Strobel et al., 1998); the cytotoxin 

associated protein.
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Materials

X 10 Tris borate buffer (TBE) (pH 8.3)

Tris base (Life technologies, U.K. Ultrapure) 53.3g

Boric acid (Life technologies, U.K. Ultrapure) 27.5g

NazEDTAzHzO (EDTA) (Sigma, U.K.) 3.73g

Distilled water 500ml

200ml of water was brought to a temperature of 52° C, the Tris was dissolved

followed by the EDTA and boric acidand the volume adjusted to 500ml

Agarose gel

Distilled water 45ml

Agarose-

(Life technologies, UK. Ultrapure- cat no-15510027 0 .5g

Boiled for a few minutes to dissolve the agarose and the following were 

added

X 10 TBE (pH 8.3) 5ml

Ethidium Bromide- (Sigma catalogue E 1385) 0.5pl

Electrophoresis tank buffer

Distilled water 270ml

X 10 TBE pH 8.3 30ml

Ethidium bromide (Sigma, UK cat no E 1385) 5pl

Gel loading buffer (MBI Fermentas, U.K. SMO 243S)

0.2% bromophenol blue 

0.2% Xylene cyanol
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60% glycerol and BOmM EDTA 

Marker

100bp DNA ladder, ready to use Gene Ruler (Concentration 0.1 mg DNA/ml) 

(MBI Fermentas, UK. cat no SMO 2438)

Ready to use master mix (45}il )

(AB Gene, UK Ltd cat no- AM 350-415)

Taq DNA polymerase 1.25 units 

75mM Tris -HOI ( pH 8.8 at 25° 0)

20mM(NH4SO4)

1.5mM MgCL.

01% (v/v Tween20 )

0.2mM each deoxy nucleotide triphosphate 

(d ATP, d OTP, d GTP, d TTP)

The following were added.

DNA template 3 \i\

Primer Ijul each

Primers were diluted to 25 micromolar with sterile PCR grade water and stored 

at -20°C in suitable aliquots for daily use, normally 25 pi. Once defrosted for

use, primer dilutions were not refrozen but any excess was stored at 4°C until 

required. 25pl master mix (AB Gene UK cat- AM 350-815/b) was made up to 

50pl with the following.
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PCR water (Promega, USA cat no P119 0) 12^1

MgCb, 25mM (Roche, Germany cat E 2059 ) 5

Bovine serum albumin (Sigma, U.K. cat B 8667 ) 5 |il

Template 3 pi

Primer (Oswel, Southampton, UK.) 1pl each

(Final conc.ofO.5pM of each primer)
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Methods

DNA extraction by boiling

A 10 pi loopful of whole cell lysate of H. pylori NCTC 11638 was transferred to 

an Eppendorf tube containing 100 pi of PCR grade water (Sigma, U.K.) boiled 

for 10 minutes and centrifuged to pellet the bacteria. The supernatant was 

stored at 4°C until use.

Puregene method for extraction of DNA from Stomach biopsies (Flowgen, 

USA. Puregene D-5500A). The biopsy was ground in a sterile Griffiths tube 

after cutting it to smaller pieces with a sterile blade, 300 pi of Puregene cell 

lysis solution was added to the ground biopsy which was homogenised with a 

sterile wire loop and 1.5pl Proteinase K solution (20 mg/ml) was added to the

lysate. This was incubated at 65°C until the tissue particles had dissolved and 

the suspension became viscous. RNAase A solution (1.5pl) was added and

the mixture incubated at 37°C for 60 minutes. The sample was cooled on ice 

and 100 pi of Puregene Protein Precipitation Solution was added; the mixture 

was vortexed for 20 secs and centrifuged at 13000 rpm for 3 minutes to pellet 

the proteins.

The supernatant was carefully transferred to a fresh tube containing 300 pi

of isopropanol (-20°C) vortexed gently and centrifuged at 13000 rpm for 1 

min to precipitate the DNA. The supernatant was discarded and the pellet

washed twice with cold (-2000) 70%(VA/) ethanol. The pellet was allowed to 

drain and air-dried.
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Puregene Rehydration Solution (50 1̂) was added and the sample was 

incubated at 65^0 for 1 hour, with occasional gentle vortexing, to re -dissolve 

the pellet and stored at 4°C until use.

The Extraction of DNA using silica (Boom et al., 1990).

Preparation of reagents

Washing buffer - L2

lOmM Guanidium thiocyanate (Sigma, U.K.- G 9277) 10g 

50mM Tris HCI pH 7.5

(Sigma, U.K.- 1m stock solution- T 2413) 8.3ml

(This was kept in a water bath at 57°C to dissolve)

Lysis buffer -L6

10M Guanidium thiocyanate

(Sigma, UK., cat no G 9277) lOg

50mM Tris MCI (pH 7.5)

(Sigma,UK. 1m stock solution cat no - T 2413)

(8.3ml to 10 ml of this solution the following were added.)

2 mM EDTA (pH 8.0) (Sigma, UK. cat no -E 5134) 0.5ml

1.3% w/v Triton X 100 (Sigma, U.K cat no x-100) 7 drops

Silica suspension (Sigma, UK cat no S 5631) lOOg

Silica was added to 500ml of ultra pure water, left overnight,
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the supernatant was discarded and another 500ml of H2O

was added and left overnight. The supernatant was discarded

again and 40pl of aliquots made and stored at room temperature until use.

Method

Cell destruction

The specimen (100pl) was added to a 0 .5ml microcentrifuge tube, 2/3 full of 

0.5mm zirconium beads (Stratech scientific) and this tube with the sample was 

placed into a eppendorf, 1.5ml screw capped tube and sealed with parafilm. 

The tube was placed in a mini bead beater set at 6000 rpm for 160 sec. The 

parafilm was removed and the base of the 0.5ml tube was pierced, placed 

back in the 1.5ml tube and centrifuged at full power for 1 min to transfer the 

sample to the large tube.

Binding of DNA

Lysis buffer L6 (0.5ml) was added to the Eppendorf tube, which was vortexd to 

re-suspend the contents and shaken at room temperature for SOminutes. 

Silica suspension (40pl) was added and the sealed tube was shaken at room 

temperature for at least 20minutes.

Purification

The sample tube was centrifuged at 13000 rpm for 1 min, the supernatant 

discarded and 1 ml of L2 was added. The tube was re-suspended by 

vortexing and this step was repeated. The sample was then re-centrifuged at
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13000 rpm the supernatant discarded and 1ml of 70% (v/v) (-20°C) ethanol 

was added. The contents were re-suspended and this alcohol wash was 

repeated once more. The tube was centrifuged for Imin, the supernatant 

discarded and 1ml of acetone (-20C°) added, the contents resuspended, Re

centrifuged, the acetone discarded and the samples were dried in a 56°C 

oven for 20minutes.

Elution of DNA

Sterile PCR grade water (Sigma, U.K) (100^1) was added to the sample tube 

and contents were re -suspended and incubated for 1 hour at 56°C in a water 

bath. The tube was spun for 1 min at 13000 rpm and the supernatant used as 

the DNA template. It was stored at -20°C until use. When biopsies were used 

DNA extraction was confirmed by using the following human mitochondrial 

primers for region V which give a product of 130bp (Thomas et al., 1998)

Primer- (Oswel Southampton, UK)

RVM2 -ATTTAGTTGGGGCATTCCACTG

RVM1- AGGGGGGGTATTTACCCTATAG

The cycle -94° G xSminutes -1 cycle, follwoed by 30 cycles of

94° G X 45 s

50 ° G X 45 s

72° G X 45 s

Finally DNA extension was completed at 72° G x 5minutes.

The PGR were carried out as described in Table 2
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Visualisation of the amplicon

PCR product (0.5pl) was mixed with 7pl of loading buffer (Sigma, UK.). It was 

added to a 1% agarose gel and electrophoresed at 88 volts for approximately 

SOminutes in x10 TBE buffer. The PCR product was visualized by UV light 

using a transilluminator and recorded by Polaroid photography.

2.7 Southern blotting

Southern blotting, hybridisation and detection- [Boehringer Mannhein Gmbh 

(Roche Biochemicals), Germany, DIG user guide for filter hybridisation].

Materials and method 

Preparation of reagents

Dénaturation solution

0.5M NaOH ( Merck, UK. cat no 102524) 10g

1.5M NaCI (Merck, UK. cat no 10241 ) 43.83g

Dissolved in 500ml of distilled water

Neutralisation solution -pH 7.5

0.5M Tris-HCL (Sigma, UK cat no T 8524) 78.8g

3M NaCI (Merck, UK cat no 10241) 87.66g

Dissolved in 500ml of distilled water

20x SSC -pH  7
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3M NaCI (Sigma, UK cat no 10241) 175.32g

0.3M sodium citrate (Merck UK, cat no 10242) 88.23g 

Dissolved in 1000ml of distilled water and autoclaved

Maleic acid buffer-pH 7.5

0.1m Maleic acid (Sigma, UK cat no M 0375) 11.61g 

0.15M NaCI (Merck, UK cat no 10242) 8.76g

Dissolved in 1000ml of distilled water,

pH was corrected with sodium hydroxide pellets and autoclaved 

Blocking reagent

Blocking reagent lOg

(Roche biochemicals, Germany, DIG nucleic acid detection kit, 

cat n o l175041)

maleic acid buffer 100ml

Dissolved by heating, lOmIs aliquots made and stored at -20° C.

N -lauroylsarcosine stock solution 10%

N -lauroylsarcosine (Sigma, UK cat no L 9150) 1g 

Sterile water 10ml

SDS solution

Sodium dodecyl sulphate

(Sigma, UK cat no -L6026j 1g
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sterile water 10ml

Pre-hybridisation solution 

5x SSC 25ml

0.1 % N -lauroylsarcosine 1 ml

0.02% SDS 200|jl

1% blocking reagent (10ml of the stock solution)

Hybridisation solution

To 10 ml of the pre hybridisation solution 20pmol/pl probe was 

added after optimization.

Washing buffer for color detection

3% v/v Tween 20 added to maleic acid buffer.

Wash buffer for hybridisation

2x SSC 50ml

0.1%SDS 500pl

Blocking buffer

10ml of blocking reagent dissolved in 90 ml of maleic acid buffer.
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Detection buffer-pH 9.5

lOOmM Tris MCI 3.95g

lOOmM NaCI 1.46g

Distilled water 250ml

50mM MgCb 1.81g

Hybridisation transfer membrane -  (Amersham pharmacia, UK, 

Hybond N nylon membrane cat no RPN 303N)

Anti Dig -AP conjugate (Roche, Germany cat no 1175041)

Fab fragments from an anti digoxigenin antibody from sheep 

Conjugated with alkaline phosphatase

Colour detection

Detection buffer 10ml

Nitroblue tétrazolium salt in 70% (v/v) 

dimethylformamid(NBT) 45pl

5 bromo-4 chloro 3 indolyl phosphate (BCIP), 35pl

toluidinium salt in 100% dimethylformamide 

(made just before use in a dark bottle)
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Method

The gel with PCR products was cut to the size necessary and submerged in 

dénaturation solution and rocked gently at room temperature for 15 minutes, 

the solution was then changed and rocked for another 15 minutes, followed by 

rinsing in water. The gel was then submerged in neutralization solution and 

rocked at room temperature for another 15 minutes. This was repeated once 

again.

Preparation of the membrane

The surface area of the gel was measured and wearing gloves the membrane 

was cut to size. Similarly 4 pieces of filter paper were cut to size, and one larger 

sheet of filter paper to completely cover the gel tray and reach down to touch 

the bottom of the plastic tray. The larger filter paper was placed on the gel tray, 

which was placed in the larger plastic tray and 20x SSC was poured over the 

center, all air bubbles were removed from under the filter paper and more 

20xSSC was poured in to a depth of 1.5cm, to ensure that all flaps of the filter 

paper were fully submerged.

Blotting

The gel was removed from the neutralisation fluid and a corner marked, and 

placed upside down on top of the wet filter paper covered tray, carefully the

nylon membrane was laid on top of the gel to allow buffer to soak through by
*

capillary action. The edges of the filter paper were cut to the corresponding size
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of the gel. Cling film was laid form the edges of the gel to over the edges of the 

plastic tray to prevent evaporation of buffer. Four sheets of filter paper were laid 

on top of the membrane and pile of paper towels was laid on top of the filter 

paper. A glass tile was laid on top of the paper towels and balance weight and 

left over night at room temperature.

Fixation

All filter paper and paper towels, were removed and discarded into, buckets aTid 

using forceps the membrane was removed and placed between 2 sheets of 

filter paper. The 20x SSC was poured in to a bottle for further blotting. The 

membrane was then baked at 80° C at 30 minutes to fix DNA. This membrane 

was stored at room temperature for future use.

The method was later shortened to blotting 3pl of PCR product directly on to 

the membrane and this was then baked at 80° C at 30 minutes to fix DNA and 

hybridisation carried out as below.

Fiybridisation

The hybridisation oven was set at 44° C and wearing gloves the membrane was 

dropped in to a hybridisation bottle and 20ml/100cm^ of pre hybridisation fluid 

was poured in to the bottle and incubated rotating for 2 hours. The pre- 

hybridisation was carefully poured out of the bottle and hybridisation fluid 

containing the dig labeled probe was added and placed in oven at the same 

temperature as above and incubated for 4 hours. This solution could be reused
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when stored at-20° C up to a maximum of 3 times. The membrane was then 

washed twice for 5 minutes each in wash solution for hybridisation, washed 

again twice at hybridisation temperature and proceeded to colour detection.

Colour detection

A rocker was used for all steps and it was ensured that the membrane was 

covered in solution at all times. The membrane was laid in a dish containing 

wash buffer for 1 minutes to allow membrane to equilibrate. Using a fresh dish 

to block the membrane the membrane was blocked for 30 min. Anti DIG AP (6pi 

) was diluted in 30mi of blocking solution making a working conc. of 150MU/ml. 

The membrane was incubated for 30 minutes in this solution and the antibody 

solution discarded. The membrane was then washed twice in 100ml washing 

buffer allowing 15minutes for each wash.

Colour substrate was made as indicated.The membrane was equilibrated for 

two minutes in 20-ml detection buffer before pouring it out and adding the 

colour substrate. The dish was covered with cling film and incubated until 

colour developed without rocking. Adding 100ml of water stopped the colour 

development. The membranes were dried between two filter papers.

The primers used for were as described before for vacA- VAIF

and VAIXR Table 2 . Table 3- describes probes used (vanDoorn et al., 1998)
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Table 1

Preparation of stacking and separating gel for protein separation

Material Stacking gel Separation gel

Acryiamide 2ml 7ml

Distilled water 7ml 4ml

pH 8.8 - 2.9ml

pH 6.8 2.9ml -

10% SDS lOOpI lOOpI

10% APS 200pl 200|nl

Temed 25pl 25pi
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Table 2

The primers and cycles for PCR

Target

Sequence

Primer sequence (5’-3’) Cycle Product

vac A s region 

(van Doom et 

a!.. 1998) 

Va lF -

ValR -

ValXR-

ATGGAAATACAACAAACACAC

CTGCTTGAATGCGCCAAAC

CCTGARACCGTTCCGTTGCTACAGC

95°C X 2

min

x1

♦

95°C

xlmin,

50°C

xlmin,

74

°Cx1min,

X40

74°C x

5min.

s1;259bp

s2:286bp
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yacA m region 

(van Doom, at 

al., 1998) 

HPMGF- 

HPMGR-

CACAGCCACTTTCAATAACGA

CGTCAAAATAATTCCAAGGG

95°C X 2

min x1

95°C x1 

min,

50 °C 

xlmin, 

74 °C x1 

min 

x40

74°C x5 

min

m1:401bp

m2;476bp

cagA -  region 

(vanDoorn, et 

a!., 1998, 

Labigne, et 

al., 1991)

Cag AF- 

Gag AR-

Cag 1-93089 

Cag 2- 93261

TTGACCAACAACCACAAACGAAG

CTTCCCTTAATTGCGAGATTCC

AATACACCAACGCCTCCAAGTTGTTGCCG

CTTTTGCTTTTGCTCTC

95° O x  

2min x1 

95°G x1 

min,

5 0 °

Gximin,

74 °C

xlmin

x40

74°C

x5min.

183bp

396bp
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vacA s allelic 

variation 

(Strobel, et al., 

1998)

551-F^

SS3-F^

552-F^

GTCAGCATCACACACCGCAAC

AGCGCCATACCGCAAGAG

GCTAACACGCCAAATGATCC

95°C x

5min

95°C x

Imin.

52°C x

Imin

72°C

xlmin.

X35

s1a:190bp 

s1b;187bp 

s2;199bp

16srRNA 

(Gramely, et 

al., 1999) 

JW21 

JW 22

GCG ACCTGCTGGAACATT AC 

GGT TAG CTG CAT TGG AGA

93°C x  

Imin 

55°C x1 

min 

72°C 

xlmin.

138bp
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oipA gene 

(A Yamaoka, 

et al., 2000)

HP0638 F 

HP0638 R

CAAGCGCTTAACAGAT

GCTTCACGAGAAAACGCCTT

95° Ox

5min

95°C x

1min.

52°C x

1min

72°Cx

1min.

X35

480bp

gimM gene 

(Lu, et al., 

1999)

AAGCTTTTAGGGGTGTTAGGGGTTT

AAGCTTACTTTCTAACACTAACGC

93°C 

xlmin 

55°C x  

1min 

72° 0  

xlmin 

x35

301 bp
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CAGTF ACCCTAGTCGGTAATG 95°C

CAGTR GCTTTAGCTTCTGAYACYGC xlmin

(B Yamaoka 52° 0

etal., 2000) xlmin 

72° 0  

xlmin

[(218-227)

+57r]bp

Western

CAGTF/CAGWR

x35 [(174-177)

+102r]bp

CAGWF/CAGTR 72° 0  x5 

min

CAGWR TGCCCTACAMCACCSAAACCAC

CAGWF
AAAAATTGACCRACTCAATC

East Asian
[(236-242)

CAGTF/CAGJR
+57r

CAGJF/CAGTR +162(n-

1)]bp

CAGJR GCAATTTTGTTAATCCGGTC 222+162(n-

CAGJF
GCATCGGCAGGTAAAGGAGT 1)bp
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Table 3

Probes for “s ic ” segment

Probe Probe sequence 

(5’-----3’)

Position Specificity

P3s1 GGGCTTATTGGTCTAGCATCATCAC 26-45“ s1c

P4s1 GCTTTAGTAGGGGCTTATTGGT 17-36“ s1c

Positions according to the vacA s1am1 open reading of H. pylori TxZOa (Gene 

banks accession no. U05676).
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Chapter 3

3 Apparent low prevalence of Helicobacter pylori In Sri Lanka? An 

enigma to be solved 

3.1 Introduction

Sri Lanka is an island in the Indian Ocean of 65000 square kilometers, 

situated south of India and categorized as a developing country, with 35.3% of 

the population below the poverty line. The country has a population of 18.5 

million and about 20% of them live in the Western province, which includes the 

capital city Colombo. It has a density of 218 people per square Km, with 74% 

of the population belonging to the ethnic group Sinhala probably of Indo-Aryan 

decent. Eighteen percent of the population consists of Tamils, which is the 

second largest group and about 7% are Muslims, Moors and Malays derived 

from East Asia, India or the Middle East. The island was colonized in about 

1500 by the Portuguese, in 1630 by the Dutch and in the late 18*̂  century by 

the British. It is thus at a crossroads of ethnic migration and immigration.

Sri Lanka’s traditional economy has been agriculture, with rice as the staple 

diet. Bread, pulses and vegetables contribute significantly. Spices and chillies 

are important additives to food. Meat, fish or eggs are consumed less 

frequently; tea is a beverage consumed in large amounts. The predominant 

diet of the average Sri Lankan is omnivorous. Morbidity and mortality reports 

from Sri Lanka for 1999/2000 show that malignant neoplasms of the stomach 

occurred in 550 individuals with 62 deaths per annum; These are
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approximately 2000 cases per annum of helminthiasis, with Ascaris 

predominating.

The prevalence of H. pylori differs according to geographical location, with a 

higher prevalence rate in developing countries and a lower rate in developed 

countries. Thus far, only three studies have reported on the prevalence of H. 

pylori in Sri Lanka. All three were from the Western province: in one study 

using the biopsy urease test ë -prevalence rate of 46% was recorded in an 

adult population (Fernando 1992) whilst more recently, in a population aged 

18-80 years, using culture and the biopsy urease tesrt, only 12% were 

recorded as colonized (Chandrasiri et a/., 1998). The third study which also 

used the biopsy urease test, showed only a 3% prevalence in a dyspeptic 

group of patients (De Silva 1999).

Studies carried out in neighbouring countries show the following 

prevalences: in Bangladesh, 61% of 1-3 months old infants tested positive for 

H. pylori] this rate declined steadily to 33% in children aged 10-15 months and 

then increased to 84% in children aged 5-8 years (Sarker at a/., 1997). In 

India, prevalence rates have been variously reported as ranging between 

31%-84% (Gill at al., 1993) with sero-prevalence in children ranging from 22% 

in 0-4 year old to 87% in 10-19 year olds(Gill, atal. 1994). In China, which has 

one of the highest rates of cancer in the world, one study reported a 

prevalence of 69% in children between age of 3 to i2 years (Ma at al., 1998).

Overall, the published data for the prevalence of H. pylori in dyspeptic adults 

in Sri Lanka seems to correspond more to that of an industrialized country 

(ranges from 20-50%) rather than a non-industrialized country, such as the
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geographically adjacent India. There the prevalence of H. pylori in patients 

with dyspepsia and those asymptomatic was 65% and 46% respectively, and 

the age related prevalence in these two groups was seen to increase with age 

(50 to 70% and 45 to 60%) leading to the conclusion that exposure occurs 

early and is widespread in both symptomatic and asymptomatic individuals.

There are no published data on the colonization of children nor healthy 

adults in Sri Lanka; Epidemiological studies from other geographic location 

have shown that childhood infection with H. pylori in the west is generally low: 

less than 5% (Lindkvist et al., 1996). In non-industrialized countries, however, 

there is higher prevalence of infection with this organism. Once contracted, the 

infection usually persists indefinitely unless treated with specific eradication 

therapy. The infection is thought to be most commonly contracted in the first 

few years of life and its prevalence is closely related to the socio economic 

status. Over crowding in childhood, water and water contaminated foods 

eaten raw, or unhygienic cooking have all been associated as vehicles for 

transmission (Klein etal., 1991, Mendall etal., 1992).

The reasons for the low prevalence of H. pylori in Sri Lanka is not at all clear 

and is a matter of interest. One explanation for the low prevalence in these 

studies may relate to the methods used to detect the organism. It is 

recognized that biopsy urease tests suffer from sampling errors and that prior 

antibiotics can affect both the biopsy urease test and culture results. 

Alternatively, the prevalence may be genuinely low, possibly due to various 

environmental factors and/or host factors inhibiting the colonization of the 

organism. It may also be due to ethnic differences as seen in previous

140



-  6 5 / i
- 4 6  V '

L -̂u  ̂ tU-Ci'fcnjp a tJCilLi c-y -  ̂^
(^Ol '  - : r .

(̂ xo\̂ 'L̂  - t x f « i ^ v j C  Iuib< rko-^^CJL'i

e . -n r ^ v ,  ^-ncrrc^vLCLkoiolu?
tOrv tuJi cAjC-̂ A-Sa-It^ •

EF£}fORXL



studies. For example, individuals studied in Vietnam, Algeria and the Ivory 

Coast have higher sero prevalence rates compared to France (Megraud et a/., 

1989).

Thus more extensive studies are required, encompassing different study 

groups: with typing of H. pylori to identify and compare the prevalent strains in 

the country with those from other regions; to study the host response to 

specific antigens and to correlate results with demographic data.

The present study was carried out with samples from the Western province 

of Sri Lanka, with the following aims:

1 To determine the prevalence of H. pylori by stool antigen and salivary 

antibody (IgG) among school children in Sri Lanka and to correlate with 

demographic features.

2 To determine the sero- prevalence of H. pylori (IgG^ in an age representative 

healthy population from Sri Lanka.

3 To determine the prevalence of H. pylori in a group of patients with 

dyspepsia using the H. pylori genome DNA as a marker, and to identify allelic 

variation in the vac A gene; the prevalence of the cagA locus and the 

correlation of both with disease outcome.
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3.2 Helicobacter pylori in school children from the Western province of 

Sri Lanka using antigen detection in stool and antibody to H. pylori in 

saliva.

3.2.1 Materials and methods

Ethical clearance was granted for this project by the Ethical Committee of the 

Faculty of Medicine, University of Colombo, Sri Lanka. Informed consent was 

obtained from the children or parent. It was not possible to obtain ethical 

clearance to collect blood samples for serology.

One hundred and eighty four children in the Western Province-Colombo 

district of Sri Lanka aged between 5-19 years of age were randomly picked for 

the study. The children attended two separate schools. The two schools were 

from the same social background and were situated within the same town 

council limits. There were no major differences between the ethnic origin of 

the children attending the school with >90% belonging to the ethnic group 

Sinhala.

The children were asked to provide a sample of faeces and saliva. 

Additionally, they or the parent was asked to provide information in order to 

complete a questionnaire that included factors such as age, gender and living 

conditions. In order to obtain some global value for overcrowding the ratio of 

the number of persons divided by the number of rooms was calculated and 

the statistical difference was estimated between those with a ratio of less than 

one, one, or greater than one (Table 4). Additionally, the following recent 

symptoms and signs were recorded; weight loss, “heartburn” (identified to the 

child as discomfort behind the breastbone), and recurrent abdominal pain.
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Stools were collected in clean containers. Samples were assayed using a 

microwell based enzyme linked immunosorbent assay (ELISA) that detects H. 

pylori antigens present in human stools (HpSA, Meridian Diagnostics USA) as 

described in Chapter 2 (2.2.4). This test has been validated in children in Italy. 

Oderda et a!., (2000) found that the sensitivity of the assay kit when 

compared with urea breath test and biopsy urease test, and reading at 450nm 

was100%, but the specificity and accuracy decreased to 93% and 95% 

respectively when the cut off suggested by the manufacturer for adults was 

used. With direct visual reading sensitivity slightly decreased (94%) but 

specificity and accuracy significantly increased (p=0.01). The assay had a 

sensitivity of 94% and specificity of 99% with direct visual reading the method 

used in this study. Specimen processing with stools was carried out according 

to the manufacturer’s instructions. A visual colour change made the 

interpretation of results objective and simple.

Saliva was collected and immediately put on ice. Antibodies were detected 

by a capture enzyme immune assay (EIA) using an anti H. pylori antibody 

(Hp AAC, Cortecs Diagnostics, UK), according to the manufacturer’s 

instructions as described in Chapter 2 (2.2.3). Salivary IgG assays to diagnose 

He/Zcobacfer infection in children has been validated. In one study a sensitivity 

of 93% and a specificity of 82% was reported (Luzza et al., 1997), whilst a 

more recent study (Malaty et al., 2000) has a sensitivity of 65% and specificity 

of 95% when compared to urea breath test. Both studies concluded that 

among asymptomatic children salivary antibody detection is a useful 

diagnostic tool.
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3.2.2 Statistical analysis

The association of salivary positivity and stool antigen positivity with age sex 

and other demographic factors was tested by Chi squared and Fisher’s exact 

test, based, on a difference in proportions.

3.2.3 Results

Overall, only twelve (6.5%) out of one hundred and eighty four children had 

detectable H. pylori antigen in their stools and were considered infected with 

H. pylori, while 51/184 (27.7%) had H. pylori IgG in saliva.

The age distribution of the children ranged from 5 to 19 years and there were 

97 boys and 87 girls. Although the numbers were low there was a trend for H. 

pylori antigen in stools to increase with age and a higher percentage of 

children over 12 years had H. pylori antigen in stools 7.5 % (9/120) in contrast 

to 4.7% (3/64) in those aged below 12 (p=0.54). In contrast H. pylori IgG 

antibodies in saliva showed a decline with increasing age with more children 

positive under 12 years, 34.4% (22/64), in contrast to 24.2% (29/120) of 

children over 12 years being positive for H. pylori IgG in saliva (p=0.08) (Fig 

6).

There was no significant association between H. pylori antigen in stool and 

H. pylori IgG antibodies in saliva and the gender of children. More than 50% of 

children with H. pylori infection were completely asymptomatic. Recurrent 

epigastric pain and abdominal pain were the commonest symptoms noted
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among the symptomatic children, although not significantly associated with a 

positive result (Fig 7).

H. pylori infection was greater with increasing overcrowding as determined 

by salivary antibody (66%), although this was not statistically significant. 

However this association was not seen with stool antigen (Table 4). The 

majority of children drank tap water. There was no significant difference in the 

prevalence according to source of water or whether water was boiled before 

consumption (Fig 8). Eighty-three children reared pets at home, but there was 

no significant association with pet rearing (15 cats, 9 dogs and 2 other non

defined pets) and H. pylori infection (Table 5) (p=> 0.05). All the samples had 

an omnivorous diet hence a difference according to diet could not be 

determined.
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Figure 6. Presence of H.pylori as detected by stool antigen 
and salivary antibody (Sri Lanka) according to age.
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Figure 8. Association of H.pylori positivity with source of water and boiling 
for consumption (Sri Lanka)
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3.2.4 Discussion

This study investigated the prevalence of H. pylori infection amongst healthy 

children in a sample population from the Western Province of Sri Lanka. The 

prevalence of disease appeared to be very low compared to the neighbouring 

countries. In some countries colonization of the stomach by H. pylori is 

uncommon in the first decade, but in African and Asian countries many 

children are colonized at an early age. This is the first study to be done on a 

group of healthy children, and the low prevalence is in agreement with studies 

of H. pylori in adults with peptic ulcer disease in Sri Lanka. The difference 

between the studies may be related to the different populations tested 

although all were from the Western province of Sri Lanka, and in these studies 

the authors used similar techniques.

As Helicobacter infection is associated with a systemic humoral response 

antibodies can be detected not only in serum but also saliva. In the present 

study, H. pylori salivary IgG declined with age while H. pylori antigen detection 

increased with age. This was not statistically significant, however these data 

conform to the natural history of H. pylori infection. Saker et el., (1997) in 

Bangladesh noted that 61% of 1-3 month old infants tested positive for H. 

pylori] this rate declined to 33% in children aged 10-15 months and then 

increased to 84% in children aged 5-8 years, which was a similar association 

between H. pylori infection and age as seen in this study.

Primary infection, which is acquired in childhood, may be cleared by the 

body’s immune response, followed by a gradual decline in antibodies over
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time. In late childhood H. pylori is re-acquired and results in a sustained and 

active infection of the gastric mucosa that persists to adult life. It was noted 

that the antibody level was 58% in children 4-8 years, which dropped to 19% 

in children aged 9-11 years. There seemed to be re- aquisition of infection in 

the age group above 12, as the prevalence increased to 27% in the 12-14 

year old age group and was seen in the range of 20% beyond that age.

The reasons for the low prevalence of H. pylori in this population is not at all 

clear. The most common approach for the detection of /-/, pylori is the 

serological identification of specific antibodies in infected patients. In this 

study, however, serology could not be studied, as ethical clearance for blood 

collection was not granted. Therefore, the study had to rely upon other non- 

invasive tests which detect H. pylori antigens in stools and salivary IgG to H. 

pylori. The stool antigen detection assay utilizes polyclonal anti-H. pylori 

antibody adsorbed to microwells to capture antigens. The test kits have been 

evaluated on a wide cross section of gastric pathologies in several 

industrialized countries and the results have been compared to other 

reference methods such as culture, rapid urease histology and urea breath 

tests. Both tests have been validated in children (Ni et al., 2000; Luzza et al., 

1997).

The role of H. pylori in gastritis and dyspepsia in children has been 

established (Reifen et al., 1992). PUD in children is uncommon but 

colonization by H. pylori may be related to other gastrointestinal infection or 

recurrent abdominal pain in children. Because of the high prevalence of 

Helicobacter in children in developing countries it is possible that the
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concomitant acid suppression in the stomach associated with acute infection 

predisposes to other childhood gastrointestinal infections. This could lead to 

diarrhoea and malabsorption with a consequent malnutrition and retardation of 

growth (Weaver 1995). The possible association of H. pylori with recurrent 

abdominal pain in children introduces a further identifiable cause of this 

condition. Epigastric pain, haematemesis and vomiting have been correlated 

to H. pylori infection (De Giacomo et al., 1990) whilst other authors have not 

found any specific symptoms related to this infection. Evidence for the role of 

H. pylori in recurrent abdominal pain in children is contradictory. In a study of 

426 children H. pylori were detected in 18% and recurrent abdominal pain was 

present in 63% of these patients compared to 48% of a control Helicobacter- 

negative population (Raymond at ai, 1994). A study done in Denmark found a 

sero-prevalence of 21% in children with recurrent abdominal pain and 10% in 

the healthy controls (Weaver at ai, 1998). On the other hand in two other 

studies (O’Donohoe at ai, 1996; Blecker 1996) no correlation could be found 

between recurrent abdominal pain and colonization with Halicobactar. There 

is, therefore, contradictory evidence for the role of H. pylori infection and 

gastrointestinal symptoms in children. In the present study the evidence 

indicates that H. pylori infection does not correlate to gastrointestinal 

symptoms. The commonest symptoms noted were recurrent epigastric pain.

Most of the studies have found no significant association between H. pylori 

infection and gender. In the present study too there was no significant 

difference between H. pylori infection and the gender of children.
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Low socioeconomic status particularly childhood living conditions, are 

inversely related to acquisition of H. pylori. In the present study H. pylori 

infection was greater amongst those living in crowded dwellings. Similar 

findings have been noted previously (Sita et al., 1991) and (Mendall et el., 

1992).

Most of the children in the present study lived in the suburbs of Colombo 

and hence obtained drinking water from a private or public tap. The majority 

did not boil water for consumption. There was no correlation between 

colonization by H. pylori and source of water in the present study, perhaps 

due to the low positive numbers. In contrast factors relating to the community, 

such as the supply of water and sanitation were found to correlate strongly 

with sero-positivity in children in a study from Ethiopia (Lindkvist et al., 1998).

Humans are the main recognized reservoirs of the organism and person to 

person spread is the widely considered means of transmission as indicated by 

the association with over crowding seen in this study although not statistically 

siginificant. However, identification of naturally-acquired H. pylori in laboratory 

cats raises the possibility of a zoonotic source of infection. In the present study 

83/184 children had pets at home, yet H. pylori infection did not show a 

difference between the groups suggesting that in this population pets are not a 

source of infection.

Overall this study suggests a low prevalence in children and although it may 

relate to insensitivity of the assay in this population it may genuinely 

correspond to that of an industrialized country. Alternatively it may relate to
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some environmental circumstances e.g. diet, which protects against 

colonization by the organism.

The Sri Lankan diet consists of chilli/pepper and other spices such as 

coriander, cummin seed, saffron, cinnamon, cardamom, cloves, garlic, and 

ginger introduced quite early in life irrespective of their ethnic background or 

social class. This diet may have a protective effect in preventing colonization 

but on the other ha’hd India would have a similar diet where the prevalence is 

known to be high thus does not offer diet as a possible explanation for the low 

prevalence.

It is of interest that in one study by Malaty et al., (1999) colonization in 

children aged 7-9 years showed that infection appeared to be dynamic, with 

racially associated loss of infection up to a level of 50% in whites. Thus, 

although infection may be common in Sri Lanka, perhaps only a small 

percentage of children have active infection at any one time, or excretion of 

Helicobacter may be episodic.

Another possibilty is that the apparent low prevalence of H. pylori is due to the 

fact that some of the strains circulating in Sri Lanka differ from those used to 

generate the capture antibodies used in the commercial test kits.

In conclusion

The prevalence of H. pylori amongst school children in Sri Lanka was found to 

be 6.5% by the demonstratiion of H. pylori antigen in stools and 27.7% by the 

detection of IgG in saliva, respectively. Initial infection with H. pylori appeared 

to occur in early childhood whilst active disease began in late childhood.
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Overall the prevalence of H. pylori appears to be low in Sri Lanka compared to 

the rest of the countries in South East Asia. The following two studies were 

designed to determine which, if any, of the possible explanation sggested 

above were correct.
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3.3 Helicobacter serology in the Western province of Sri Lanka

in this study the following were determined: the sero- prevalence of 

Helicobacter in Sri Lanka in a representative population attributable to age 

groups in urban and rural areas; the host response to virulent antigens such 

as CagA, Urease and VacA; correlation of host response with environmental 

factors.

. . .  ■ :

3.3.1 Material and methods

Three hundred and fifty nine healthy volunteers between the ages of 1 to 94 

years, with equal distribution of males to females, were selected by a multi

stage cluster sampling technique, according to the percentage distribution of 

the population based on the age structure as given in the Annual Health 

Bulletin 1996 Sri Lanka. After informed consent, a sample of blood (1-5ml) 

was obtained from each subject for evaluation of IgG antibody to the high 

molecular weight cell associated proteins of H. pylori and cytotoxin associated 

proteins. In addition to collecting blood samples, a questionnaire was 

completed to enable factors such as age, gender, and living conditions, to be 

assessed. The serum was separated and stored at 4°C until use.

Sero -prevalence

The sero prevalence of IgG to H. pylori was determined using El A- SIA ™ H. 

PYLORI (HMCAP ™ SIG M A ) in three hundred and fifty nine serum samples, 

according to the manufacturer’s Instructions and interpreted as described in 

Chapter 2 (2.2.1).
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Sero prevalence of cytotoxin associated protein (CagA)

The prevalence of IgG antibodies to CagA was determined in 359 samples, 

using an EIA-Helori CTX (Eurospital) according to manufacturer’s instructions 

as described in Chapter 2 (2.2.2).

Western blot analysis

The IgG antibodies to several major antigens of H. pylori vjere tested using an 

in house assay, as described in Chapter 2.3 and the presence of absence of 

reactive band pattern was noted for each serum sample according to a 

standard curve plotted with known molecular weight proteins.

3.3.2 Statistical analysis

Data were analysed by the Chi square test.

3.3.3. Results

The study consisted of 359 serum samples with 180 males and 179 females. 

Only 37 (10.3%) of the 359 serum samples were positive for IgG to H. pylori 

using the above serum assay. Anti CagA was detected in 29/359 (8.1%).

The age-correlated distribution of the prevalence of antibody to H. pylori and 

IgG to CagA is seen in (Fig 9). There was no significant difference between 

the age groups (p= 0.057, 0.64) for CagA and H. pylori IgG respectively but 

the prevalence was seen to increase with age from 15 years until 60 years 

with only a minor differences between the age groups (16-45) and decrease 

over 60.
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There was no significant difference in the prevalence of IgG to H. pylori or 

CagA antibody in rural and urban areas. Twelve (8.3%) of the CagA positive 

samples were from an urban area and 17(7.9%) were from a rural area 

(p=0.91); 17(11.7%) positive for IgG H. pylori were from an urban area and 20 

(9.3%) were from a rural area (p=0.487). These results were not statistically 

significant.

No significant difference in prevalence between men and women was noted 

as seen in Table 6 (p=0.114; 0.859) for H. pylori an6 CagA respectively, Only 

7 samples were IgG positive in both tests to H. pylori and CagA. Of the 37 

positive for H. pylori, 30 were negative for anti CagA; 23 samples, although 

negative for IgG to H. pylori were positive for IgG CagA protein.
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Western blot and results

Forty eight samples (37 positive by H. pylori and 18 positive by CagA; 7 

positive for both assays) were studied by immunoblotting to determine the 

presence of IgG to 7 antigens. (Tables 7, 8). The commonest Western blot 

band seen in the H. pylori IgG and CagA positive samples was an antibody 

response to the 89kDa protein. A heterogenic pattern of response was 

observed in the samples tested (Tables 7, 8). Antibody responses to the19- 

kDa, 66kDa and 89kDa proteins (Table 8) with a positive IgG response to H. 

pylori and 66kDa protein with IgG to CagA (Table 7) were statistically 

significant. There was no age-related significantly different immune response 

to any of the bands tested (120kDa, p=0.162; 19kDa, p=0.885; 26kDa, 

p=0.714; 30kDa, p=0.662, 35 kDa, p=0.620; 89 kDa, p=0.214).
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Figure 9. Age related prevalence of antibody (Sri Lanka) to H.pylori and CagA
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3.3.4 Discussion

In this first study based on the detection of IgG specific for H. pylori in Sri 

Lanka, the prevalence was seen to be 10.3% when antibody to H. pylori was 

used, and 8.1% when IgG to CagA was used, a low prevalence as seen in 

previous studies using other methods was observed. It was interesting to note 

that only seven samples were positive by both tests.

The detection of anti-CagA antibodies in sera negative for.anti H. pylori 

antibodies raises the question of whether these are false positives. The 

possibility of a cross-reaction with another microbe is unlikely according to 

published data (Censini et al., 1996; Crabtree et al., 1994) Also, the study of 

H. pylori by FASTA and BLAST search engines that detect similarities at the 

DNA and protein levels available at European Bioinformatics Institiue and 

National Centre for Biological Information internet sites, respectively excluded 

CagA as being similar to other polypeptides in other bacteria or humans 

(Fusconi et al., 1999), although there may be environmental organisms not 

yet included in these databases.

However, recently Franceshi et al., (2001) suggested that anti CagA 

antibodies cross-react with alpha tubulin of platelets from patients with 

idiopathic thrombocytopaenia, which suggests there may be some human 

antigens which are similar to the CagA protein; and thus be responsible for 

false positive results.

Alternatively, these could be due to actual infections not detected by the H. 

pylori assay methods used, perhaps representing an immunological memory 

due to a past contact, and/or a response that was directed against CagA and
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possibly unidentified components not been detected by the assay used. 

Thereby giving a falsely low prevalence.

Previous studies have shown that some individuals have negative serology 

against H. pylori who possess anti-CagA antibody in their sera and have been 

shown to be H. pylori positive by other conventional methods (Fusconi et al., 

1999). Therefore, the true sero-prevalence in this geographic location may be 

higher than seen in the present study.

The assays used have been validated and have a sensitivity of 97.6% and 

specificity of 94.1% respectively, but the cut-off was determined for 

populations from developed countries. This study could not be optimized with 

known negative sera from Sri Lanka as this was the first such study to be 

conducted and lacked facilities to use conventional H. pylori diagnostic 

methods to obtain negative serum samples. Therefore, the cut-off used in this 

study may be to high to determine true H. pylori prevalence in Sri Lanka. 

Consistent with previous studies (Graham at ai., 1991) the prevalence of H. 

pylori increased with age, thus confirming epidemiological variable as a risk 

factor which play a crucial role in acquiring the infection. It was also noted that 

there was a decline in sero-prevalence from the 6**̂  decade, which might be 

the result of a decrease in immune response in the aged through the creation 

of a hostile environment to the organism as a result of H.py/or/'-induced 

chronic gastritis, leading towards atrophic gastritis (Lechago 1994). 

Alternatively, it might be the result of a physiological decrease in the 

immunological response in the aged (Horan etal., 1984).
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There seems to be no difference in colonization with gender, as found in the 

majority of previous studies, or according to the residential area.

There was a heterogeneous response to Helicobacter in the sera which 

were positive for H. pylori (by IgG to either H. pylori or CagA) when tested by 

Western blot. Bands 89kDa, and 66kDa were seen more commonly with a 

positive response to H. pylori antibody. It is known that human serum contains 

antibody that react with a number of different H. pylori antigens. All sera 

tested in this study were tested against a reference strain (NCTC 11368) and 

the differences observed could be due to heterogeneity of the host because H. 

pylori antigens are conserved despite genetic heterogeneity. Another 

explanation is that infection was with strains carrying different immunogenic 

antigens or a combination of these factors.

An immunoblot prepared with a Sri Lankan H. pylori isolate would help 

answer the question if there is no antigenic variation as hypothesised. 

Antibody responses to immunoblot were not studied in all subjects due to 

practical considerations. Although this test is expensive and time-consuming it 

appears to be more sensitive, especially with sera with low levels of antibodies 

that are not detected by ELISA (Nilsson et al., 1997), thus this was a limiting 

factor in this study.

The diversity of the immune response in these asymptomatic H. pylori- 

infected subjects indicates that sera from different clinical entities should also 

be studied in an attempt to find a specific profile or an individual antibody 

response which could be useful as a diagnostic tool. Development of the 

protein bands 19kDA, 66kDa and 89kDA were significantly positive with a
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positive H. pylori \gG result, and may be important immunological markers for 

a Sri Lanka population. The presence of anti-CagA was associated with other 

bands detected by Western blot (89,66,35,30,26.5,19 kDa), and suggests that 

the ELISA based test for antibody to H. pylori may have missed some positive 

results thus the very low prevalence contrasting to neighbouring countries.

In conclusion, the prevalence seems to be low in keeping with other 

studies, but the presence of CagA antibody in H. pylori negative sera indicates 

that responses in the host may not be always detected by routinely used 

assays. This may be due to a different strain, genetic differences in the host 

not enabling the host to mount a response, or to cross reactivity.

These features make Sri Lanka an interesting destination to study further 

strain variations, immune responses, tissue typing and host response to H. 

pylori antigens. With the results of these two studies it was decided to study a 

group of dyspeptic patients using a more sensitive method to determine if the 

prevalence remained low as was thought.
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3.4 Prevalence of H. pylori in Sri Lanka as determined by PCR

This study was conducted to investigate the prevalence of H. pylori infection in 

adult patients with dyspepsia, using the PCR; to determine the allelic variation 

of genes encoding virulence and to determine the H. pylori strains prevalent in 

Sri Lanka.

3.4.1 Materials and methods

Ethical clearance was granted for this project by the Ethics committee, Faculty 

of Medical Sciences, University of Sri Jayewardenapura, Sri Lanka. Fifty- 

seven patients belonging to the ethnic group Sinhalese, who had more than 3 

months of dyspeptic symptoms, were randomly included in the study from the 

endoscopy unit of the Teaching Hospital, Kalubowila, after informed consent. 

They were asked to provide information in order to complete a questionnaire 

that included demographic factors such as age and gender. Additionally the 

following recent symptoms and signs were recorded; weight loss, “heartburn” 

(identified as discomfort behind the front of the chest), abdominal pain, 

bloating, early satiety, regurgitation, belching and poor appetite.

Two gastric biopsies (antral or from site of lesion) were taken during 

endoscopy and transported in saline for DNA studies. One biopsy was taken 

and sent for histology in Sri Lanka. The DNA was extracted according to the 

manufacturer’s instructions using PuregeneD-5500A as described in Chapter 

2.5.

The PCR for the vacA, cagA, 'IGSrRNA and gImM (Chapter 2.5) were carried 

out. Southern blotting was performed according to the manufacturer’s

163



instructions (Dig Users Guide for filter hybridisation- Boreringher, Germany) 

with probes as described previously for the s1c allele of vacA gene (van Doom 

et al., 1998) as described in Chapter 2.6.

3.4.2 Statistical analysis

Data was analyzed using Chi- Square and Fisher exact test as appropriate.

3.4.3 Results

The study consisted of 57 biopsies from patients with dyspepsia: 41 males 

and 16 females in an age group which ranged from 4 to 78 years. (Mean age 

of 37years). One antral biopsy was used for histology using Haematoxylin and 

Eosin stain and one was used for PCR.

On histology, forty six (75.4%) of these patients had chronic gastritis, in which 

Helicobacter like organisms were seen only in three, five (8.7%) were 

diagnosed as having duodenal ulcer and two (3.5%) with gastric ulcer; only 

one patient (1.7%) had gastric cancer while three (3.5%) presented with a 

normal histology.

A total of 40 (70.1%) biopsies were positive for H. pylori (by 16srRNA, gImM 

and vacA gene amplification). Of these 40 positives, 19(45%) were also 

positive for the cagA gene (Table 9). Of the patients who were colonized by 

Helicobacter, thirty-three out of the forty (82%) were males and 7(17%) 

females. Males were more likely to be Helicobacter positive compared to 

females. (p=0.01) (Table 10)
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The number of patients when analysed with age cohort, as the numbers are 

low it does not show a trend (Table 11).

All of the vacA alleles were represented in this population except s1cm2 

(Table ^2). The commonest strain was seen to be s1am1 (13 biopsies) 

followed by s1bm1. Nine samples could not be fully sub-typed using these 

primers although found to be positive for H. pylori. Each of the subtypes with 

histological diagnosis is seen in (Table 12).

There was no significant association (p>0.05) between colonization by the 

sfallele and severe gastro-duodenal disease. Of those biopsies not fully 

typable, 6/9 biopsies could not be sub-typed to m1 or m2 using the mid region 

primers used in this study but the s region showed four s1a and two s1b. Two 

biopsies appeared to consist of a multiple infection with more than one 

subtype of the m region present {s2m1, and s2m2).

Fifty four percent (19/35) of isolates that were vacA, s1a and / or m1 

(including those that could not be fully subtyped in the signal sequence) were 

cagA positive as shown in (Table 13)

Of those that could not be fully sub-typed, 3 out of 4 that were s1a were 

cagA positive, 1 out of 2 that was s1b was cagA positive and 2 out of 3 that 

could only be typed as s1 was cagA positive. The relationship between 

possession of the s1 allele and the cagA locus was just statistically significant 

(p=0.05).

Patients presented with more than one symptom. Heart burn, regurgitation 

(34/40) and bloating (30/40) seem to be the common presentation with a
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significant correlation between having heart burn or bloating with H. pylori 

infection (p=0.001).

3.4.4 Discussion

Sri Lanka stands at a crossroad of historic migration patterns with sequential 

invasion by the Portuguese, Dutch and English. This is the first study to be 

carried out using molecular markers for detection of H. pylori. The results 

obtained showed that the 70.4% prevalence contrasts with that previously 

obtained in Sri Lanka using biopsy, urease test (3-46%), that done previously 

in children and in a healthy population.

Detection of H. pylori DNA by PCR is a sensitive method for the detection of 

this organism from gastric biopsies, with a positive predictive value of 100% 

and a negative predictive value of 96% when gImM (urease C) gene is used 

(Lu et al., 1999). Although PCR suffers from the same sampling errors as 

does other biopsy tests, it is more sensitive than serology, it gives an 

indication of current infection and it yields additional information regarding the 

type of strain colonising the individual.

The higher prevalence seen in this dyspeptic group in contrast to studies 

done previously may be due to use of a more sensitive method of detection 

and may reflect a more accurate prevalence in keeping with neighbouring 

countries such as India, where the prevalence of H. pylori in patients with DU 

varies from 64%-90% and 50-65% in GU. In this study the prevalence of H. 

pylori in DU was 100% and GU 66.6%. Also 30% of patients with a histological 

confirmed gastritis were negative for H. pylori by PCR and this is probably due
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in large part to sampling errors when taking the biopsy. The histological stain 

was very insensitive, detecting only 3 cases of presumed Helicobacter.

It is seen that the predominant vac/A allele is the s1am1 type, similar to that 

found in Northern Europe, but that both the s1b and s1c alleles were also 

represented. This may be a reflection of the multi-ethnic population and 

historic invasions of Sri Lanka. The study also demonstrates the strains were 

cagA positive. In common with the Far East, there was no correlation between 

colonization by either strain that was cagA positive nor those that had the s1a 

allele type and severe gastro-duodenal disease. There was however an 

association between the cagA marker and the s1 locus as has been shown in 

other studies.

The distribution of these vacA alleles and the cagA marker varies according 

to the geographical origin of the strains. In some populations these are 

virulence markers, linked to severe disease outcomes, whereas in other 

populations some alleles are so common that there is no correlation between 

the allele and disease outcome (Ito et a!., 1997).

In Europe, one study from Germany showed that 83% of strains had the s1 

signal sequence and 63% had the m2 mid region. The predominant strains 

were s1m2 (47%) followed by s1m1 (35 %) and s2m2 (15%). A correlation 

was noted between possession of the s1 allele and ulcer disease. The cagA 

marker was present in 73% of isolates overall and 84% of patients with ulcer 

disease (Rudi et a!., 1998). In Holland the predominant strain was s1am1 and 

again there was a correlation between both s1a and cagA alleles and ulcer 

disease (van Doom et a!., 1998). In Eastern Europe the commonest genotype
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was s1am2 (van Doom et al., 1999). In contrast in the Iberian peninsula the 

majority of isolates are s1bm1 (van Doom et a!., 1998) and although there was 

a strong correlation between the s1 allele and cagA overall there was no 

association between the virulence markers cagA, vacA and disease 

(Domingo etal., 1999).

In South America studies in Brazil and Mexico (Espinosa et al., 1999, 

Domingo etal., 1999) have shown that the most common vacA genotype-is 

s1bm1 which is consistent with the historical connections between South 

America and Iberia. Although the s1a genotype is comVnon in Colombia, 

Guatemala and Peru, typing of the cagA right junction showed the strains to 

be similar to those from the Iberian strains (Yamaoka et al., 1998). In Mexico, 

multiple infection has been recorded and a significant number of isolates could 

not be typed.

In the Far East the predominant strains found in two studies were s1am1 in 

Japan and s1am2 in China (Pan et al., 1998), however other have found the 

predominant isolate was s1cm1 (Van Doom et al., 1999). Most isolates are 

cagA positive and there is no correlation with disease presentation.

In India the commonest vacA genotype detected was s1a, as was seen in Sri 

Lanka. However 80-90% of the strains are cagA positive as compared to 45% 

prevalence in Sri Lanka, which raises the question whether the primers used 

in the present study determined the true prevalence. The cagA motifs at the 

right junction of the gene indicated that the Indian strains were distinguishable 

from both European and American strains (Mukhopadhyay et al., 2000) which 

may hold true for Sri Lanka.
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The present study shows various combinations of the signal sequence and 

mid region, including s2m1 described from Latin America (Espinosa et al., 

1999). It also shows that some patients were colonized by more than one 

vacA allele type, which was consistent with studies from other non

industrialized countries. Additionally it was shown that using the published 

primers, some strains could not be typed both at the leader sequence(s) and 

mid region (m) locus. This is suggestive of further genome sequences to be 

identified, which may have epidemiological significance.

Several studies from Far East have shown that the mid region cannot be 

satisfactorily classified with the primers in use (Ito at a!., 1997, Letley at a!., 

1999). Poor annealing of primer and sequence divergence between the vacA 

alleles may explain failure to detect these strains, and a different primer will 

have to be used. The finding of all combinations suggest frequent past 

recombination between strains. Recombinations within the vacA may also 

explain why vacA alleles from other strain cannot be typed.

Atherton at a!., (1999) showed that mid region typing failure was due to base 

substitution at annealing sites and has described a set of primers that may be 

used to successfully identify strains from the Western world and Asia and 

would, perhaps, enable the determination of the non-typable strains from Sri 

Lanka in the future.

There was significant colonization showing a male predominance but as this 

was a sample collected randomly, it consisted of more males than females. 

Previous studies have shown contradictory results on gender colonization with
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most studies showing no significant correlation although a few studies have 

suggested male sex was a significant risk for infection (Glaser et a/., 1998).

Bloating and heartburn were significantly associated with the presence of 

Helicobacter infection, and may be prominent presenting symptom in patients 

with H. pylori in Sri Lanka.

Conclusion

The prevalence is high in Sri Lanka, hence the present study highlights the 

deficiencies in the detection methodologies currently used in Sri Lanka and 

emphasizes the need to develop more sensitive and accurate methods for 

detection of H. pylori.

The inability to type some of the strain may reflect heterogeneity and that H. 

pylori gene pools differ regionally. Thus it is important to study H. pylori 

distribution in non-Western populations with different environmental and social 

backgrounds, with a view to understanding the pathogenesis. Finally it was 

shown that there is no correlation between either the cagA marker or the s1 

vacA allele and severe gastro-duodenal disease, similar to results from the 

Far East.
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Table 4

Association of H. pylori with overcrowding (Sri Lanka)

Total

number

Stool

Antigen

positive

p value Saliva

antibody

Positive

p value

<1 3 0 0

0.89

2 66.7%

0.121 47 3 6.4% 9 19.1%

>1 134 9 6.7% 40 29.9%

Total 184 12 6.5% 51 27.7%

Table 5

H. pylori positivity and pet rearing (Sri Lanka)

Pet Total

number

Stools p value Saliva p value

n % n %

Yes 83 4 5% 0.99 23 27.7% 0.39

No 101 8 8% 28 27.7%

Total 12 51
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Table 6

The prevalence of IgG to H. pylori and CagA with Gender (Sri Lanka)

Gender Total Positive 

H pylori

% Positive

CagA

%

Male 180 15 8.3 14 37.8

Female 179 14 7.8 23 62.2

Table 7

Western blot results correlated to IgG CagA (Sri Lanka)

Band (kDa) Number positive for 

Gag A

% p value

120 10/18 55.6 0.709

89 14/18 77.8 0.195

66 11/18 61.1 0.01

35 4/18 22.2 0.55

30 7/18 38.9 0.87

26 6/18 33.3 0.57

19 9/18 50.6 0.65
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Table 8

Western blot results correlated to IgG H pylori (Sr\ Lanka)

Band (kDa) Number positive 

For /-/. pylori

% p value

120 19/37 51.4 0.852

89 35/37 94.6 0.006

66 33/37 89.2 0.002

35 11/37 29.7 0.5

30 15/37 40.5 0.42

26 10/37 27 0.987

19 23/37 62.2 0.04

Table 9

Colonization with histological diagnosis (Sri Lanka)

Antral

Gastritis

Duodenal

ulcer

Gastric

ulcer

Gastric

cancer

Normal

histology

Number 46 5 2 1 3

Hp positive 33 5 2 0 0

cagA

positive

15 4 0 0 0

'Hp= H. pylori
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Table 10

The relationship of gender to colonization (Sri Lanka)

H. pylori Males Females Total

+ 33 7 40

—
8 9 17

Total 41 16 57

'Hp= H. pylori

Table 11

Relationship of age to H pylori colonization and cagA positivitiy 

(Sri Lanka)

Age cohort 

(years)

H.pylori positive 

(cagA)

% Patient

number

0-20 4(2) 80(40) 5

21-40 10(6) 71(43) 14

41-60 16(5) 64(20) 25

>61 10(6) 77(46) 13

'Hp= /-/. pylori
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Table 12

Histology with the type of strain (Sri Lanka)

vacA

genotype

Antral

gastritis

DU GU Normal

histology

Total

s1a m1 10 2 1 13

s1b m1 6 1 7

s1c m1 3 3

s1a m2 1 1

s1b m2 1 2

s1c m2 0

s2m1 3 1 4

s2m2 3 3

s1 m1 2 1 3

s1a* 4 4

s1b* 2 2

*These strains could not be sub-typed. Two biopsies had multiple 

infection.
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Table 13

The prevalence of cagA with genotype (Sri Lanka)

cagA s1am1 s1bm1 s1cm1 s1am2 s1bm2 s2m1 s2m2 s1a s1b s1m1

+ 7 2 2 1 1 3 3 1 2

—
6 5 1 1 4 3 1 1 1
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Chapter 4

4.lnteraction between H. pylori and host immune response in an African 

population

The published data on H.pylori infection from sub-Saharan Africa is 

particularly engaging, because Helicobacter infection is almost ubiquitous in 

Africa. However, in an area with such a high prevalence of infection, a high 

prevalence of those diseases associated with H. pylori would be expected: but 

these epidemiological assumptions about Helicobacter prevalence are not 

reflected in disease prevalence data.

4.1 Epidemiology

Serological studies have shown that most of the population in Africa (70-80%) 

harbour antibodies to H. pylori (Holcombe et al., 1992). Infection occurs early; 

55% of the population under 10 years possess IgG to H. pylori in the Ivory 

coast, whilst in Northern Nigeria and Gambia, 50% of children under 5 years 

harbour IgG to H. pylori (Kidd et al., 1999). Culture and histology of gastric 

specimens have confirmed this high prevalence, and currently it is thought that 

70-90% of dyspeptic patients and 80% of asymptomatic individuals harbour 

the infection (Holcombe etal., 1990, Wyatt, et al., 1987; Lachlan et al., 1988).
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Gastritis is common throughout Africa and shows a strong correlation with H. 

py/or/infection. In contrast, the prevalence of DU shows considerable variation 

in different parts of Africa with a high incidence in the Nile/Congo watershed 

and coastal regions of West Africa and a low incidence in the Northern 

Savannah of West Africa (Tovey and Tunstall 1975). These differences in 

incidence are not paralleled by differences in H. pylori infection.

In the dry Savannah of Northern Nigeria duodenal ulcer is uncommon, 

showing a prevalence of 111/1000 patients compared to 305/1000 in the UK 

despite the higher prevalence of H. pylori infection in Africa (Jones and 

Lydeard 1989, Weir and Backett 1968).

In contrast, GU is less common than duodenal ulcer in Africa (Segal et al.,
0

1983) but atropic gastritis, a precursor to GU, is prevalent in 70-90% of 

Africans. Similarly in Nigeria, although atropic gastritis is common, gastric 

cancer is uncommon, accounting for less than 2% of all malignant tumours in 

northern Nigeria (Holcombe et al., 1991), and only 2-3% of all malignancies in 

Sudan (Mukhtar 1986), Uganda (Owar 1986), and Zimbabwe (Skinner 1986).

Several studies have highlighted inconsistencies between the prevalence 

rates of Helicobacter and disease. In industrialised countries there is 

generally a low prevalence of Helicobacter and GC yet a relatively high 

prevalence of PUD. In contrast, some countries with high prevalence rates for 

Helicobacter have high prevalence rates of GC and low prevalence rates for 

PUD (e.g. Peru). Yet other developing countries such as Iran, with similar 

high prevalence rates for Helicobacter, have a disease distribution similar to 

developed countries (Barua etal., 1997).
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A number of studies have addressed the question of whether H. pylori 

infection is more or less frequent in people also infected with HIV. The results 

are contradictory, with some studies demonstrating no difference in 

prevalence compared to a control population, while others show either a lower 

or higher prevalence (Edwards et a!., 1991; Aceti at a!., 1990; Lim at a!., 

1993). The majority of these studies indicate that the prevalence of H. pylori is 

significantly lower in HIV - positive patients than age and sex matched HIV- 

negative patients (Edv/ards at ai, 1991).

Most studies relating to HIV and H. pylori have investigated North American, 

European or Australian populations. In one study of African children, a lower 

prevalence of H. pylori colonization was noted (Blecker at a i, 1994). In an 

Italian study the prevalence of both H. py/or/colonization and PUD was noted. 

Cacciarelli at ai, in 1996 suggested that CD4+ cell had a function in 

sustaining H. pylori infection and H. py/or/-related disease (Cacciarelli at al 

.,1996).

Several potential virulence factors/markers such as CagA, urease (Figura 

1997), LPS, Pece at a i, 1997) and VacA (Vandenplas and Badriul 1999) have 

been proposed. However the relative contributions of these factors are still 

debated. Additionally, host genetics may also be involved in determining the 

outcome of infection, as it has recently been demonstrated that polymorphism 

in the IL1 gene may predispose to the development of gastric cancer (El-Omar 

at a i, 2000). Another explanation for this variation between H. pylori 

colonization rates and H. pylori associated disease is strain variation of H. 

pylori. Laboratory evidence also suggests that there is an interaction between
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Helicobacter and some viral or parasitic infections, which may modify the 

outcome of either one or both other infective process (Shirai et a!., 1998). 

Other possible explanations for this “African enigma” (Kidd et al., 1999) may 

be the differences in the host response to Helicobacter antigens; differences 

in the environment (e.g. diet, water contamination, opportunities for hand

washing); or to a combination of these factors which might alter the processes 

by which ulceration or cancer develop.

The objective of the work described here was to assess the prevalence of H. 

pylori infection and gastro-duodenal pathology in a population in sub-Saharan 

Africa, which incidentally had a high HIV sero-prevalence, and to relate this to 

immune status, environmental and bacterial pathogenicity factors.

4.2 Material and methods

Study setting

Zambia is country of 290,600 square miles with a population of 9.6 million, of 

which 2 million live in Lusaka. The major ethnic group is African (98%) and 1% 

European. Christians range between 50-75% and Muslim and Hindu 24-49%. 

Diet consist of an omnivorous diet with porridge a staple dish made of maize, 

fish is a local specialty.

Misisi is an unplanned residential area in the southern part of Lusaka, 

Zambia, which was illegal until 1995. As a consequence, civic amenities are 

few, housing is of poor quality, and overcrowding is intense. Infectious 

intestinal disease is common in this population, and high mortality rates 

observed in adults (Kelly et al., 1998) which seem to be attributable to the 

severity of the HIV epidemic. In Lusaka the HIV sero prevalence is between
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21 and 35% (Fylkesnes et al., 1997) but this may be an under-estimate 

(Fylkesnes and Kasumba 1998).

Authorization was obtained to study part of one sector of Misisi from the 

Lusaka Urban District Health Management Board, and approval was obtained 

from the Research Ethics Committees of the University of Zambia (UNZA) and 

the London School of Hygiene and Tropical Medicine.

Recruitment of adult participants

An area was defined and a house to house survey conducted to include all 

households in the study area, during which the purpose of the study was 

explained. One respondent per household was interviewed. Demographic and 

other information was also obtained for comparison with data from clinical 

interviews to allow assessment of selection bias.

Every adult (18 years of age or more) was invited to the nearest urban health 

centre, for interview and examination. At this interview, the purpose of the 

study was explained in more detail and a two-page information sheet read out 

in one of four local languages. This information included explicit description of 

the procedures required for the study. The recruitment and consent process 

included information about HIV testing and participants who consented to 

inclusion in the study were offered the option of HIV testing (together with CD4 

count) with full pre- and post-test counselling, but they were also free not to 

have the test. This conforms to the policy of the UNZA Research Ethics 

Committee.

Interview and examination
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At the recruitment interview, demographic information was obtained and 

participants were asked if they had any current health problems or any 

disability. This was followed by routine physical examination including blood 

pressure measurement and nutritional assessment.

Stool samples were screened for ova, cysts and parasites using wet 

preparations of stool samples and formol-ether concentration. Only the most 

frequently detected infections (Ascaris lumbricoides and hookworm) were 

included in the data, as infrequently detected organisms could not be used in 

the multivariate analysis. Participants were examined and nutritional 

assessment performed using two anthropometric measures: height (m) and 

body mass index (BMI; kg/m^).

Blood was collected and serum stored at -80 °C on the same day for HIV, and 

H. pylori testing and endoscopy was performed with an Olympus fibre-optic 

SIF-10 endoscope.

HIV antibody tests and CD4+ counts

This part of the study was conducted in Africa and the results were supplied 

by Dr P Kelly, Royal London Hospital. Briefly HIV antibody testing was 

performed using a rapid test (Capillus, Trinity Biotech, Ireland) and an ELISA 

(Recombigen HIV 1+2 EIA), and results declared positive only if both were 

positive. Discrepant tests were resolved by Western blot (New LAVBL0T1, 

Sanofi Diagnostics). Peripheral blood CD4+ counts were carried out using a 

Facs Count (Becton Dickinson) flow cytometric assay according to the 

manufacturer’s instructions.
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Host immune response to H. pylori

Sero-prevalence was assessed by a standard ELISA assay against a whole 

bacterial antigen preparation (Sigma-UK), and antibodies to CagA protein also 

assessed by ELISA (CTX Helori Eurospital). The plates were read as 

recommended and the optical density recorded.

The serological response to urease/Hsp and LPS was determined by an in- 

house ELISA. Urease/ Hsp and LPS antigens were extracted from a standard 

H. pylori isolate (NCTC11638) according to published methods as described in 

Chapter 2 (2.2.5 and 2.2.6).

Each of the antigens (5 micrograms/ml of LPS and 10 micrograms/ml of 

urease/Hsp respectively were coated on the ELISA plates and serum used in 

1/100 dilution and antibody levels determined as described in Chapter 2 (2.2.5 

and 2.2.6)

Interpretation

OD units were expressed as medians and used in the statistical analysis. All 

sera were also studied by immunoblotting (Mayo et al., 1998) as described in 

Chapter 2.3.

4.3 Statistical methods

Frequencies were compared using parametric (t test) or non-parametric tests 

(Kruskal-Wallis test) as appropriate. While BMI and height were apparently
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normally distributed, ELISA readings were not. Proportions were compared 

using Chi square or Fisher’s exact tests, and for potential predictive factors the 

Odds Ratio (OR) or Risk Ratio (RR) was calculated, together with 95% 

confidence intervals (01). Multivariate analysis was performed using 

unconditional logistic regression using a backwards elimination strategy 

beginning with the variables outlined in Table 14 or 15. For modelling gastro

duodenal mucosal lesion as an outcome variable, putative H. pylori 

pathogenicity antigens were added to the variables used initially.

4.4 Results

Clinical and serological data were obtained from 221 adults (79 men and 142 

women), and 191 underwent complete endoscopic evaluation. Demographic 

and clinical data, as used in univariate and multivariate analysis, are shown in 

Table 14. The men were older than women, more likely to smoke tobacco, had 

a somewhat higher educational achievement, and were less likely to have ova 

of Ascaris lumbricoides in stool samples submitted.

Of the191 volunteers who underwent satisfactory endoscopy, 14 had gastro

duodenal mucosal lesions, eight had macroscopic gastritis, five had duodenal 

ulceration; one had gastric ulceration; and one had pyloric erosions; one had 

both gastritis and duodenal ulceration. In addition, one had oesophageal 

candidiasis, two had distal oesophageal inflammation, and seven had 

nematode infections visible in the jejunum (three with Ascaris lumbricoides 

and four with hookworm). Of the 176 volunteers who consented to HIV 

testing, 35% were sero-positive. None of the 12 patients with gastro-duodenal
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mucosal lesions who consented to HIV testing were HIV sero-positive, but 49 

of 140 adults without mucosal lesions were HIV sero-positive (OR 0.0;

p=0.01).

Fifteen adults complained of abdominal pain when interviewed at their 

baseline examination. Six of 14 individuals with gastro-duodenal mucosal 

lesions at endoscopy complained of abdominal pain, compared to nine of 177 

without (OR 14.0, 95%CI 4.2-48; p<0.001), which suggests that these gastro

duodenal mucosal lesions are a major cause of abdominal pain in this 

population.

H. pylori serology

Serological responses to H. pylori tested by ELISA and by immunoblot were 

closely related (Table 15) and by ELISA 81% of adults tested were positive. H. 

pylori seropositivity by ELISA was found in 100 of 115 HIV sero-negative 

adults and 46 of 61 HIV sero-positive adults (p=0.05). The serological 

response to putative pathogenicity-related antigens differed between HIV 

sero-positive and HIV sero-negative individuals (Tables 16 &17). Multivariate 

analysis was performed using the variables shown in Table 14 by 

unconditional logistic regression. The final model (n=163) included only three 

variables, all associated with a reduced likelihood of a positive ELISA: adults 

who had been brought up in a city (OR 0.29, 95%CI 0.10-0.83; p=0.021). 

Ascaris ova in stool (OR 0.36, 0.14-0.94; p=0.036), and CD4+ count below 

200 /mm^ (OR 0.29, 0.09-0.93; p=0.037).
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Gastroduodenal mucosal lesions-predictive factors

H.pylori ELISA results were positive in 12 of 14 individuals with 

gastroduodenal mucosal lesions and 143 of 177 without lesions (p=1.0). In 

univariate analysis, gastroduodenal mucosal lesions were less likely to be 

found in women (RR 0.33, 95%CI 0.11-0.94; p=0.03) and in HIV seropositive 

adults (as described above) but more likely in smokers (RR 3.2, 95%CI 1.2- 

8.4; p=0.02). Putative pathogenicity-related antigens were not statistically 

significantly associated with gastro-duodenal mucosal lesions, except for LPS 

which was more frequently recognised by sera from individuals with mucosal 

lesions (Tables 18 and 19).

Multivariate analysis was used to determine the contribution of potential risk 

factors to the development of mucosal lesions in individuals who were positive 

for H. pylori antibodies by ELISA. None of the adults with gastroduodenal 

mucosal lesions were HIV seropositive (see above) or had hookworm infection 

(p=0.21) and so these factors had to be removed from the model. In the final 

model (n=133), two terms remained: smoking was associated with higher risk 

(OR 3.9, 95%CI 1.1-13.7; p=0.035), and BCG immunization was associated 

with lower risk (OR 0.22, 95%CI 0.06-0.78; p=0.02). It was noted that there 

was an interaction between smoking and low BMI, suggesting that the 

combination was more strongly predictive of a mucosal lesion.
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4.5 Discussion

The data presented indicate that H. pylori sero prevalence is high, consistent 

with other data from developing countries. The prevalence of gastro-duodenal 

mucosal lesions (DU 2.6%, GU 0.5%, gastritis 4%) was comparable with 

estimates of population prevalence in industrialised countries. Most available 

information relating to the epidemiology of duodenal or gastric ulceration has 

been derived from hospital studies, but such population-based data as exist 

suggest that the prevalence of peptic ulceration is of the order of 1-2% in 

unselected adults (Soil et ai., 1998). Africa has high and low prevalence of 

gastro-duodenal mucosal lesions with differences between rural and urban 

populations (Tovey and Tunstall 1975).

The adults examined were fairly representative of the population from which 

they were drawn, but this analysis may be limited by three other factors. First, 

the endoscopy was performed with an enteroscope, which may give less than 

perfect views of the gastric body due to its reduced tip flexibility. This 

instrument was designed for small intestinal endoscopy, and this limitation is 

evident from the fact that seven procedures were felt to be inadequate for the 

purpose of this analysis of the gastro-duodenal mucosa and have been 

excluded from the analysis. Second, gastric biopsies were not taken, as this 

was not the purpose for which the endoscopies were carried out. Third, the 

ELISA cut-off used (0.3 optical density units as in the manufacturer’s 

instructions) has not been validated in a sub-Saharan African population. 

However the good correlation between ELISA results and the Western blot 

results encourages the belief that any over-diagnosis is modest, probably no
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more than 5-6 cases at most. A large prospective study carried out by Va ira 

et a/.,(1995) has shown that serology is a reliable marker of H. pylori 

infection in HIV positive patients including those with advanced disease.

Multivariate analysis indicated that environmental and immunological factors 

might influence H. pylori infection. Ascaris infection was associated with 

reduced H. pylori sero-positivity, as was a childhood spent in the urban 

environment. Whether this is related to water chlorination or other unidentified 

environmental variables such as diet is unclear. There was a strong negative 

association between gastro-duodenal mucosal lesions and HIV infection, and 

HIV infected adults were also less likely to have a positive ELISA and less 

frequently recognised H. pylori antigens on immunoblot. Low CD4+ count, 

more than HIV infection itself was associated with less frequent detection of H. 

pylori antibodies. This could either signify a failure of recognition of H. pylori 

antigens or reduced colonization inpatients with HIV infection. Mucosal lesions 

were also less likely in patients with HIV infection or a low CD4 count, and in 

this study, H. pylori infection and peptic ulcer disease were less frequently 

detected in patients with CD4 counts below 200/mm^ when compared with 

patients with counts more than 200/mm^ or with HIV negative samples. This is 

consistent with the hypothesis that HIV positive patients with a low serum 

CD4+ are incapable of accumulating the high levels of mucosal CD4+ cells 

which are needed for H. pylori proliferation, and sustaining infection 

(Cacciarelli at al., 1996). Adults with HIV infection and/or low CD4+ count 

would thereby lose this tropic mechanism by which H. pylori colonization is 

sustained and thus infection intensity would diminish. Yet another explanation
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for the low prevalence of H. pylori seen in this study could be explained by the 

recent findings of (Altfeld et a!., 2000) who detected a TH1 to TH2 shift in the 

cytokines in peripheral blood of HIV infected patients by reverse transcriptase 

PCR (RT PCR) in those with progressive HIV disease. The potential protective 

response (TH2) in H. pylori could also account for the finding. It has also been 

concluded that there may be a decrease in TH1 type cytokine production 

causing a disturbance In the balance between TH1 and TH2*respons‘fes. ' ;

There was no evidence that the putative virulence antigen CagA or VacA 

were associated with the development of gastro-duodenal mucosal pathology. 

On the other hand, antibody to lipopolysaccharide was associated with the 

development of mucosal lesions in univariate but not multivariate analysis.

These data suggest complex interactions between host immunology and 

Helicobacter-related mucosal pathology, and there are two observations in 

particular which merit further study.

First, there was an apparent protective effect of infection with Ascaris 

lumbricoides, the common intestinal roundworm with which millions of human 

beings are infected, against H. pylori infection as assessed serologically. This 

might be explained by the effect of intestinal nematodes in reducing TH-1 

mediated gastric pathology, in mice (Fox et al., 2000), probably by the 

induction of TH-2 mediated responses. Fox et al., found that the parasite- 

induced TH2 cytokines antagonised pro-inflammatory TH1 cytokines induced 

by gastric Helicobacter infection; mice with co-infection had lower gastric 

levels of TH1 cytokines, than mice infected with H. felis alone. Moreover, co

infected mice expressed genes for TH2 cytokines more often than with H felis
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felis infection alone. There was a significant decrease in gene expression for 

IL-10, which may be due to the decreased local IFN gamma expression in the 

co-infected mice, and down-regulation of these cytokines may block the 

migration of inflammatory Th1 cells into the stomach, thus ameliorating the 

Helicobacter-associated gastric histopathology.

It has been shown in Rhesus macaque monkeys that gastric pathology 

induced by H. pylori is related to proliferation and activation of CD4+ cells 

through a TH1 pathway (Mattapallil, et al. 2000): Here there was an increased 

prevalence of CD4+ T cells and a predominantly TH1 (IL2 and IFN gamma) 

and pro-inflammtory (INF- alpha and MIP- 1 beta) cytokine response as early 

as one week after inoculation. This response was found to persist 12 weeks 

after inoculation, which suggests a failure of the TH1 mediated response to 

resolve the infection.

In the Zambian population in the present study, BCG immunization protected 

against the development of gastro-duodenal mucosal lesions in H. pylori 

infected adults. BCG exposure may simply act as a marker of an otherwise 

unidentified aspect of environmental exposure, or BCG immunization may 

induce changes in the balance of TH1 and TH2 dominant responses which 

even now are not well understood. Furthermore, BCG immunization in HIV- 

infected adults has been noted in one report to protect against Ascaris 

infection (Elliott et al., 1999), possibly through modulation of the TH1/ TH2 

cytokine balance in CD4+ cells. Why it should confer a reduced risk of a 

gastro-duodenal mucosal lesion in humans is unclear, as Helicobacter- 

induced gastric inflammation is TH-1 mediated. In view of the suggestion that
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H. pylori related gastritis is TH1 dependent, as claimed by Mattapallil et a!., 

(2000). This immune-mediated mucosal damage may allow trans-exudation of 

serum components, which enhances the colonization efficiency of the 

bacteria. Therefore, processes, which attenuate TH1 mediated responses, will 

reduce colonization intensity and pathology. Whether or not this is the case, 

the interactions noted in the present study were substantial, significant and 

merit further evaluation as there is much to be learned here about the host- 

pathogen relationship.
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Table 14

Demographic, clinical and endoscopic findings in adults drawn from an 

urban population in Lusaka, Zambia

Men Women P

Number 79 142

Mean Age in years (SD) 40.0(12.4) 32.1 (9.8) <0.001

Place of upbringing;

Urban 45 90

Rural 34 52 0.35

Upbringing in large family:

Yes 33 60

No 36 61 0.82

BCG immunisation scar:

Present 56 105

Absent 23 37 0.62

Smoker currently:

Yes 39 8

No 32 116 <0.001

Educational level achieved:

Primary 44 100

Secondary 28 23

Tertiary 3 1 0.002

HIV infection:
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Sero positive 18 43

Sero negative 47 68 0.14

CD4+ count

Over 200/mm^ 6 13

Under 200/mm^ 56 95 0.64

Height^;

Below median 44 71

Above median 34 69 0.42

BMI^-

Below median 44 71

Above median 34 69 0.42

Stool microscopy:

Ascaris ova present 11 36

Absent 65 100 0.04

Hookworm ova present 10 12

Absent 66 124 0.32

'data dichotomised around the median: 1.69 for men, 1.58 for women; ̂ data dichotomised around 
median: 19.9 for men, 21.3 for women.

Table 14 continued
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Table 15

Serological responses to H. py/or/antigens assessed by ELISA 

compared with immunoblot

Immunoblot ELISA ELISA p value

bands (kDa) + -

N 179 42

120 119 4 <0.001

89 141 6 <0.001

66 125 6 <0.001

35 134 7 <0.001

26 120 6 <0.001

19 100 4 <0.001
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Table 16

Serological responses to H. pylori antigens

identified by immunoblot, according to HIV status

Immunoblot 

bands (kDa)

HIV sero 

positive

HIV sero 

negative

p value

N 61 115

120 27 68 0.06

89 31 87 0.001

66 36 73 0.56

35 34 80 0.05

26 28 75 0.01

19 19 65 0.001

) /
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Table 17

Serological responses to H. pylori antigens

measured by ELISA, according to HIV status

Antigen HIV seropositive HIV seronegative p value

N 61 115

CagA 0.45 (0.2-0.66) 0.60 (0.28-0.73) 0.07

Urease 0.71 (0.25-0.90) 0.86 (0.3-0.94) 0.03

LPS 0.36 (0.19-0.52) 0.39 (0.26-0.56) 0.12

Readings are given in OD units, results are expressed as median,
, .Vv

Vr-'--( . '  ■ ,
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Table 18

Serological responses to H.pylori antigens identified by immunoblot,

according to presence of gastro duodenal mucosal lesions

Immunoblot 

band (kDa)

Mucosal 

lesion present

No disease p value

n 14 177

120 9 98 0.59

89 11 114 0.39

66 9 103 0.78

35 11 114 0.39

26 9 100 0.78

19 7 84 1.00
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Table 19 Serological responses to H. pylori antigens measured by

ELISA, according to presence of gastro duodenal mucosal lesions

Antigen

present

mucosal lesions No mucosal 

lesions

p value

N 14 177

CagA 0.64 (0.45-0.78) 0.53 (0.22-0.7^ ' 0.33 ..

Urease 0.72 (0.28-0.9) 0.82 (0.28-0.92) 0.66

LPS 0.64 (0.45-0.76) 0.37 (0.25-0.51) 0.004 ‘

Readings are given in OD units, results are 

expressed as median

198



Chapter 5

5 Typing of Helicobacter pylori vacA and detection of cagA in Iran and 

Zambia

5.1 Introduction

It is becoming increasingly evident that there is geographical variation in the 

distribution of H. pylori strains and that different vacA and cagA alleles have a 

different clinical outcome in different populations. In some populations there is 

a link between the allele type and disease whilst in other geographic locations 

there is no correlation due to the high prevalence (Ito at a!., 1997).

Literature reviews on previous studies from different continents as 

described previously in Chapter 1 and 3 show that in Europe there is a 

distribution gradient of s1 subtypes. In Northern and Eastern Europe, subtype 

s1a is predominant: in France and Italy, s1a and s1b were equally prevalent, 

in contrast in Spain and Portugal the predominant subtype is s1b (van Doom 

at a/., 1999). There is a significant correlation between s1a and disease in 

Europe, however this association is not seen with s1b in the Iberian Peninsula 

(van Doom at a!., 1999).

In the USA strains with vacA s1a alleles are associated with peptic ulcer 

disease more frequently than s1b or s2. However, s1a, s1b and s2 strains are 

evenly distributed (Atherton at a! .,1997).

Studies from South America, (Espinosa at a!., 1999) have shown s1bm1, to be 

common which is consistent with the historical connections between South 

America and Iberia. In the Far East (Japan) three quarters of strains are
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s1cm1 (Yamaoka et al., 1998). Most isolates are cagA positive and show no 

correlation with disease presentation.

In India the commonest vacA genotype detected is s1a, as was found in Sri 

Lanka. However, 80-90% of the strains are cagA positive in India as 

compared to 45% prevalence in Sri Lanka (Chapter 3). The cagA motifs at the 

right junction of the gene indicates that the Indian strains are distinguishable 

from both European and American strains (Mukhopadhyay et a!., 2000), 

supporting the idea that the H. pylori gene pool differs regionally.

H. pylori infection is almost ubiquitous in Africa, but this epidemiological 

fact is not reflected in disease prevalence (Kidd et al., 1999). Data on vacA 

diversity among H. pylori strains from different geographic locations of Africa 

are sparse. Two studies that have been done previously in South Africa show 

a striking absence of the s1a allele and a predominance of s1b. However, 

both mid regions have been observed among the African strains. In South 

Africa s1bm1 was found more often in strains from patients with peptic ulcer 

and in gastric adenocarcinoma than gastritis alone (Kidd et al., 1999, Letley et 

al., 1999).

There are no published data on the prevalence of H. pylori genotypes in the 

Middle East. The prevalence of H. pylori is similar to that of other developing 

countries (Novis et al., 1998). The rate of H. pylori infection in Iran approaches 

90%, with one study showing a prevalence of 85%, in the rural population and 

90% in the urban population (Massarrat et al., 1995, 1994).

Although there is a high prevalence rate of infection, the disease distribution 

due to Helicobacter is similar to developed countries like the USA or UK
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(Barua et al., 1997) i.e. among dyspeptic patients in the UK, Norway and the 

United States, countries with moderate frequency of H. pylori infection, the 

prevalence rate of duodenal ulcer and the duodenal ulcer to gastric ulcer 

prevalence ratio are rather high while the prevalence rate for gastric cancer is 

low (Burstein et a/., 1995). However, when compared to Peru, a developing 

country where infection begins during early childhood and is highly prevalent 

and persistent; comparisons have revealed that duodenal ulcer and gastric 

ulcer are significantly less prevalent but that gastric cancer is markedly more 

prevalent (Burstein etal., 1995).

Recent research also shows a pattern in the distribution of H.pylori 

genotypes according to the human evolution and migration in the world. 

Kersulyte et al., 2000 by studying the right end of the cagA PAI in a large 

study from strain from various regions of the world were able to identify three 

common motifs and thus it was seen that type 1 as classified by the 

researchers were predominant in Spaniards, native Peruvians and 

Guatemalan Ladinos (Mixed American -  European ancestry) and also in 

native African and some U.S. residents. Type II was seen to predominate 

among Japanese and Chinese. Type ill was seen to predominate in Indians. 

The genetic sequences of cagA and vacA genes from native Peruvians were 

also more like Spaniards than those from Asian in this study. Indicating a 

close relatedness of Latin American and Spanish strains despite closer 

genetic relatedness of Amerindian and Asians thus suggesting that H.pylori 

have been brought to the New World by European conquerors.
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Recently Yamaoka et al., (2000) have shown a difference in the cagA 3’ 

region of non-Asian and East Asian strains and used this to identify the origin 

of H. pylori isolates. They have suggested the presence of the non-Asian type 

of H. pylori in Pakistan.

Therefore, this study was designed to determine the strains prevalent in two 

ethnically and geographically different populations, which have not been 

studied previously.

5.2 Materials and methods

The study consisted of strain typing by molecular biological methods carried 

out in the Department of Microbiology, UCL, UK in collaboration with Dr 

Mohommad Raeiszadeh, Department of Immunology, Faculty of Medicine, 

Teheran University of Medical Sciences, Iran.

Patient characteristics 

Iran

Approval was obtained from the Research Ethics Committees Faculty of 

Medicine, Teheran University of Medical Sciences, Iran. A total of 31 patients, 

(14 females, 17 males) in the age range 18- 72 years, who presented with 

dyspepsia were endoscoped, in the Endoscopy Division, Dr Shiriati Fiospital, 

Iran. A gastric biopsy from the antrum of the stomach was taken during 

endoscopy. The patients consisted of 10 cases of peptic ulcer disease, 16 

with non-ulcer dyspepsia, one case of gastric cancer and four patients with no 

defined clinical diagnosis. Each biopsy was homogenised in a sterile 

container, cultured in the Faculty of Science Tehran University, colonies were
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collected into 1ml sterile saline and transported to UCL for molecular

investigations. '

Africa

Authorisation and recruitment of patients described in Chapter 4. Twenty- 

three patients from the study population in Chapter 4 were randomly biopsied 

with median age of 36 years (six males and seventeen females). Two biopsies 

from the antrum was collected to sterile saline, the biopsies were 

homogenised in a sterile container and cultured and transported as described 

above. Isolates were provided by Dr P Kelly for investigation.

Culture

Bacterial culture was performed on agar plates containing Columbia blood 

agar base. Plates were incubated for 5 days in an atmosphere of 5-7% carbon 

dioxide, 5% hydrogen, 88%-90% nitrogen, at 37° C. Isolates were harvested 

into 1ml of sterile saline and transported to UCL for molecular studies.

The DNA was extracted according to the manufacturer's instructions using a 

commercial kit (PuregeneD-5500A) and PCR, Southern blotting and probing 

were carried out with the primers and experimental conditions described in 

Chapter 2.

5.3 Results

Determination of gImM and oipA

The presence of gImM and oipA in 31 biopsies from Iran and in 23 biopsies 

from Zambia is shown in Table 20. In five isolates from Iran, oipA could not be 

determined and in four of these strains only the “s” region was determined with 

repeated negative results for the gImM and vacA "m" regions. In contrast, all

203



-
H îY I k

('VbuULu I'mĥ  S;o S .b
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the isolates from Zambia were typed by means of the primers used for the 

gImM and only three isolates gave negative results with primers for oipA 

(Table 20).

The vacA alleles in two countries

There was a remarkable difference in the prevalence of the vacA s alleles in 

the two countries studied (Table 21). In Iran there was an equal distribution of 

s1 and s2 (50% each). The subtype s1c (69%) was seen more frequently than 

s1a (31%). Among the Iranian isolates that were typable for the m region only, 

9% were of the m1 allele.

In Zambia the most common type was s1 (88%). Amongst the s1 subtypes, 

s1b was the predominant subtype (86%). There was a very low frequency of 

s1a or s1c subtypes (Table 21). Of the 23 typable isolates, twenty had the m1 

region.

Association of the s region and the m region observed in the two countries

The simultaneous presence of s1 and m1 region of vacA was observed in 

81% of the isolates from Zambia. Among the 33 typable (for the m region) only 

9% of Iranian isolates were s1m1. The s2m2 genotype was not detected in 

Zambia, in contrast to Iran where 57% of the isolates were s2m2. The 

prevalence of s1m2 in Iran was 33% and in Zambia it was 8%. The s2m1 

genotype was not observed in Iran as compared to 12% prevalence in 

Zambia. When the vacA s region was taken in to consideration there was a 

statistically significant higher frequency of s1 in Zambia than Iran (p=0.002).
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The subtype s1b was absent in Iran in contrast to high prevalence in Zambia, 

where as s1c was the most common s1 subtype (p= 0.001). The most 

frequently observed m region in Zambia was m1 in contrast to Iran (p = 

0 .001).

cagA, vacA correlation

The prevalence of the cagA gene using two sets of primers was 12/31 

(38.7%) for Iranian isolates. Nine of the samples were positive by both 

primers and three were positive by either of the primers used in the study. 

There was a statistically significant difference between the strain type and the 

presence of the cagA gene (p= 0.016) with a higher frequency of occurrence 

of the cagA in s1c strains (7/24) as compared to s2 (1/24) mixed infections 

excluded (Table 22).

The cagA gene was detected in 83% of Zambian isolates; both primers used 

detected 14 of these, and 6 of the isolates were typable by either of the 

primers used. All the s1bm1 strains were positive for cagA (Table 22).

Separation of H.pylori based on the cagA 3 ’ region 

By using the special primers designed to differentiate Western and East 

Asian strains a higher prevalence of cagA (61%) was seen in contrast to the 

38.7% seen with the 2 primers used described before. It was seen that 

majority were of Western origin (79%) and only one isolate was of pure Asian 

type. Three were postive by both Eastern and Western set of primers. In
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Zambia the prevalence was increased to 91% and all of these isolates were of 

Western origin.

Table 22 illustrates the distribution of genotypes with disease, no conclusion 

could be drawn about the genotype and disease association because of the 

low numbers for Zambia. There was no association between the genotypes 

from Iran and ulcer disease (p=0.69).
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Host response to virulent antigens In Iran (data provided by Dr Mohommad 

Raeiszadeh)

A total of 64 patients with dyspepsia (26 males and 38 females) from the 

Endoscopy division, Dr Shiriati Hospital, with a median age of 50 years (25- 74 

years for males and 13 -70 years for females) participated in the study. The 

pylori infection Status of patients was determined by Biopsy culture, biopsy 

urease test (Chemenzyeme, Iran) and direct examination of the biopsy for 

spiral bacteria. Immunoblotting was performed with nine isolated strains from 

Iran and with reference strain ATCC 43504 at an antigen concentration of 

lOpg/per well and a serum dilution of 1/200. In this study the prevalence of 

infection was 84% (54/64) consisting of 24 males and 30 females. There were 

eight females and two males who were non-infected. Amongst the infected 

patients 14 had peptic ulcer (12 with duodenal ulcer and two with gastric 

ulcer). Twelve patients had non-ulcer dyspepsia with erosions (antrum and 

duodenum) and 28 were without erosions. In this study 22 different bands 

were identified on the 64 blots that were done. Bands 60 and 66 kDa were 

excluded the study as their frequencies were not significantly different 

between the infected and non-infected group (p>0.05).

There was a statistically significant difference (p<0.05) between the presence 

of bands 120, 89, 35, 26kDa between the infected and non-infected groups 

(Table 23). There was no significant difference in the prevalence of the bands 

120, 89, 35 or 26kDa between subjects with peptic ulcer disease and non

ulcer disease patients. However the band 35 kDa was more frequent in
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patients with peptic ulcer disease and in those with erosion, as compared to 

subjects with np lesion (p<0.05).

Strain type and host response to potential virulent antigens for Zambia 

As the predominant strain type was s1bm1 and the other genotypes were 

low in frequency no statistically significant correlation could be made with host 

response to potential virulent factors. As seen in Chapter 4 the ELISA cut-off 

for the CagA, urease and LPS has not been validated in a sub-Saharan 

African population therefore it was not possible to determine if there is a 

difference in host response according to genotype. The immunoblot bands 

35kDa and 89kDa were the most frequently observed bands in genotype 

s1bm1 (Table 24).

Those that were positive by PCR for the cagA gene had anti CagA serology 

of (median OD 0.72 (0.65-0.78). The four samples negative for cagA by PCR 

had a median OD of 0.135 (0.03- 0.34) This was highly significant (p=0.04).

5.4 Discussion

The host response to immunoblotting bands obtained from Iranian sera were 

observed from a population different from that used for genotyping. However, 

both these sample types were from dyspeptic subjects who presented to the 

same endocsopy unit. Therefore it is believed that fair comparisons can be 

made.

There was a significant association between the 35 kDa immunoblot band 

and peptic ulcer disease, Yamaoka et ai, (2000) reported that levels of IL8 a
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pro-inflammatory cytokine, were related to the presence of antibody against 

the 33- 35kDa outer inflammatory protein. The oipA gene, which signals the 

production of the outer inflammatory protein 33-35 kDa was prevalent in the 

majority of the strains in the present study, and the ability to induce IL8 from 

gastric epithelium is well known. However the H. pylori strains differ in their 

ability to produce IL8 and also antibody to the 35 kDa protein. Therefore this 

may indicate an undetected difference in the oipA gene and/or a difkrénce jji 

the host response. These observations suggest the need to look for additional 

virulence factors, which may be of greater importance in populations other 

than those found in the West.

The host response to immunoblot bands in Zambia has been described in 

Chapter 4. It was seen that CagA serology could be used as a marker to 

determine the presence of the cagA gene in the population tested.

The geographical distribution of different H. pylori genotypes in developing 

countries is largely unknown. Preliminary data have been obtained on the 

prevalence of H. pylori genotypes in two developing countries from two 

continents. It is believed this is the first report of H. pylori typing with the 

virulence markers cagA and vacA in isolates from Iran and Zambia.

Identification of H. pylori genotypes is important in various aspects such as 

clinical outcome of infection (Atherton et al., 1997); efficacy of antibiotic 

treatment (van Doom at al., 2000); and laboratory diagnosis (van Doom at al.,
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2000); and there is a suggestion that it may be important in determination of

human migration patterns (Yamaoka etal ., 2000).

Iran, peopled by Indo- Europeans more than 3000 years ago was the cross 

roads between civilisations and demographic movements between Asia and 

Europe. Invasion by Greeks, Arabs, Mongols, and Turks made a country 

composed of a mosaic of different cultures and ethnic groups, therefore a 

chance for the development of heterogeneity in H. pylori genotypes. Zambie 

has a less heterogeneous population, where human habitation dates back to a 

hundred thousand years. Arabs, Portuguese and British have penetrated this 

country.

Heterogeneity was observed in isolates from Iran but not in Zambia, Iranian 

H. pylori strains could not be identified by use of one set of universal primers 

designed for use in the Western populations. The gene gImM and oipA failed 

to amplify all 31 biopsies, suggesting genetic differences in strains from Iran. 

Owen ef al., (1998) showed that there is considerable diversity in the urease 

AB regions of H. pylori isolated from different individuals. However, in this 

study about half of the strains were represented by 10 urease AB profiles, 

indicating a high degree of conservation (Owen at al., 1998). Therefore, the 

urease gene polymorphism may be similar to that of vacA and cagA in that it is 

partially conserved. Although the genes studied were different from urease 

AB regions the same may hold true for gImM and oipA genes.

In East Asia the s2 allele has not been observed, but moving towards the 

West, the s2 allele can be detected, since it has been reported from India, 

Europe and the USA (Yamaoka at al., 1999, Mukhopadhyay, at al. 2000, van
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Doom et al., 1999). Although s2 was of equal prevalence to s1 in Iran, the 

allele s2m1 was not detected. However this was the allele found in the 

Zambian s2 population. The equal existence of the s1 and s2 alleles in Iran is 

a matter of interest and the reason for the high prevalence remains to be 

answered. In the present study the s2 allele was of low prevalence in Zambia 

(12%), in agreement with previous studies from Africa in which the s2

prevalence was 6-20% respectively (Letley et ai., 1999); (Kidd et a l, 1999).* ^.
- :

The predominant strain in East Asia has been reported as s1c (van Doom ef 

a!., 1998; Yamaoka et a!., 1999). This allele was observed in 70% of Iranian 

isolates; which is in contrast to Calcutta, India, where no s1c was seen. This 

shows the diversity of H. pylori genotypes within Asia. The subtype s1b, 

although not detected in Iran, was the predominant strain in Zambia compared 

to Asia and most of Europe. There was noticeably low prevalence of s1a and 

s1c alleles in Zambia. Interestingly, s1b has been observed frequently in the 

Iberian Peninsula and in South America at a higher percentage than other 

alleles of the s region (van Doom etal., 1999).

There were five isolates from Iran which could not be typed for the m region 

by the primers used in this study, however all except one strain from Zambia 

could be typed by the primers used. The high frequency of m2 in Iranian 

isolates has also been reported from Taiwan (Wang etal., 1998).

The prevalence of cagA was 37.8%. However, a previous study from Iran 

showed the presence of anti CagA in 70% of infected patients compared to 

non infected patients (Raeiszadeh et al., 2001). The discrepancy in the 

prevalence between serology and PCR may be due to the heterogeneity
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within the gene leading to the failure of detection by the primers used in this 

study.

In contrast, the primers detected a similar high level of the cagA gene in 

Zambian isolates where the sero-prevalence of CagA antibody is high. As a 

second part of this study it was possible to show a higher prevalence of cagA 

using the primers described by Yamaoka et al., 2000 further it was seen that 

the majority of-the strains'are. non Asian type (based on the cagA 3' region) 

and it is consistent with anthropological studies showing similarity between 

Indo European origin (Iranian people) and Caucasians.

Multiple infection has been repeatedly observed in countries with a high rate 

of infection (Espinosa at a!., 1999). In the present study 22% of Iranian H. 

pylori clinical isolates and 5% of Zambian isolates were mixtures of different 

genotypes. The coexistence of strains with different genotypes may be due to 

each conferring some advantage allowing the other strain to survive. 

Alternatively, it could be coincidental. It could also indicate sequential 

infection, with multiple different strains being acquired.

As the number of samples in this study was small no attempt was made to 

draw conclusions about the association between genotype and clinical 

outcome. However, both patients with peptic ulcer disease from Zambia were 

of s1bm1 genotype, and amongst the twenty patients with defined clinical data 

and typable H. pylori isolates from Iran, 71% of strains from subjects with 

peptic ulcer disease were of s1 genotype, compared to 38% of isolates from 

patients with non ulcer dyspepsia.
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In conclusion, the present study describes the first report for the prevalence 

of H. pylori subtypes in two different countries with populations of completely 

different ethnic origin. The results from Iran (West Asia), with an equal 

prevalence of s f and s2 alleles contrasts with the high frequency of s f in East 

Asia and suggests diversity of H. pylori within Asia; However, s1c is still the 

most common s1 allele in Iran, as seen also in East Asia. In Zambia the 

predominant strain was s1bm1 with a lower frequency of s2. The difficulty in 

typing the m region, gImM and oipA in some Iranian isolates may indicate 

further heterogeneity of H. pylori.
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Table 20

The geographical prevalence of gImM, and o/p A

Country GImM OipA

Positive Negative Positive Negative

Iran 21 10 26 5

Zambia 23 0 20 3
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Table 21

The distribution of H. pylori alleles in Iran and Zambia

Iran Strain Zambia

cagA + cagA - cagA + cagA -

3(8%) s1cm1 1(4%)

8(21%) 2(5%) s1cm2

* s1am1 ■ ' 1(4%)

1(3%0 s1am2 1(4%)

a1bm1 15(63%)

s1bm2 1(4%) 1(4%)

5(13%) 14 (37%) s2m2

s2m1 3(13%)

5(13%) s1a*

s1b* 1(4%)

Seven biopsies from Iran and 1 biopsy from Zambia had multiple 

infections * m region could not be subtyped further.
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Table 22

Strains type, cagA status and disease

Iran

cagA positive Strain cagA negative

PUD Not

known

NUD PUD Not

known

NUD GC

1 2 s1cm1

1 1 2 s1cm2

1 s2m2 2 2 7

s1a 3 1 1

Multiple infection

2 1 1 s1c/s2m2 2

s1a/s2m2 1

Zambia

2 12 s1bm1

1 s1am1

1 s1cm1

1 s2m1 1

1 s1am2

s1bm2 2

1 s1b

Multiple infection

1 s1bm1/s2m

1
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Table 23

Frequencies of IgG antibodies to the six immunoblot bands

Bands

(kDa)

Infected

number

Non infected 

number

%

+

p value

120 38 3 64 NS

89 44 3 73

35 24 0 37.5

26 30 1 48.4

19 19 3 34.3

Table 24

Strain type with immunoblot results - Zambia

Strain 120kDa 89kDa 66kDa 35kDa 26kDa 19kDa

s1a m1 0 0 0 0 0 0

s1bm1 7 10 5 9 7 6

s1cm1 1 1 1 1 1 1

s1am2 1 1 1 1 1 1

s1bm2 2 1 2 1 1 2

s2m1 2 2 2 1 2 2

s1b* 1 0 1 0 0 1
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Chapter 6

6 The variation in strains of Helicobacter pylori from Italy and the 

response to He//cobacfer antigens in Italian patients

6.1 Geography, diet and environmental factors in Italy

Italy has a population density of 190 inhabitants /square Km, making it one of 

the most heavily populated countries in Europe. The population density is not 

evenly distributed. In reality, the most heavily populated areas are the Po 

Veneto plain, and around the large cities, such as Rome and Bologna - the 

latter being the site of this study. The Italian diet consists of a flour-based 

omnivorous diet. The typical “Western" distribution of He//cobacfer infection 

shows the prevalence of infection increasing with advancing age; with 

increased prevalence associated with overcrowding and lower social class.

6.2 H. pylori and children

H. pylori, like most microorganisms that cause enteric infections, are 

predominantly acquired in childhood and in most subjects the disease course 

is without complications. In developing countries up to 100% of children are 

infected by 10 years of age (Drumm 1993). Cross-sectional studies in 

developing countries indicate that young children are the group who become 

infected: Ethiopian children appear to become infected between 2-4 years of 

age, with 60% of 4 year - olds infected (Lindkvist etal., 1996). In contrast, the 

rate of acquisition of H. pylori in children over 5 years of age in a large 

Chinese study was 1% per year, a rate similar to acquisition in the adult

218



(Mitchell et al., 1992). In developed countries, in contrast, only 10% of all 

children under the age of 10 years in are infected, although the prevalence of 

infection is much greater among children in socially deprived families (Drumm 

1993).

From previous studies in Italy the sero-prevalence of H. pylori infection in 

children was seen to range from 6 -11.5%, with a higher prevalence in boys 

and in children of lower socio - economic status (Oderda at al., 1998; De 

Giacomo at al., 1991). It was also concluded that serum IgG identified infected 

children with a sensitivity of 95% and specificity of 84% (De Giacomo at al., 

1991).

The prevalence of H. pylori in children with peptic ulcer disease has been 

found to be low: 55% in cases of duodenal ulcer and 50% in subjects with 

gastric ulcer. This calls into question the pathogenic role of H. pylori in 

childhood peptic ulceration in Italy (Oderda at al., 1991). In this study it was 

seen that H. pylori negative children with peptic ulcer were younger than those 

who were positive; and when data for the siblings without peptic ulcer were 

combined, children negative for H. pylori were younger than those who were 

positive; in addition, no child less than 10 years of age was H. pylori positive. 

These results are consistent with the known increased frequency of H. pylori 

with age.

There is no significant evidence so far that H. pylori gastritis, in the absence 

of duodenal ulcer disease, is a cause of symptoms in children. However, one 

report from an American and Japanese population indicates a strong 

association between H. pylori infection acquired in childhood and the
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development of gastric carcinoma in adult life (Blaser et a/., 1995). Evidence 

for the role of H. pylori in recurrent abdominal pain in children is contradictory 

as described in Chapter 3.

During the past decade, the products of several H. pylori genes have been 

used as markers of virulence for different outcomes (Chapter 1). The reason 

for such diverse outcomes of infection remains uncertain. Data concerning the 

association between vacA genotypes and response to potential virulence 

antigens is scarce in paediatric populations. A study in Sweden showed no 

clear correlation between bacterial virulence factors and the degree of 

inflammation, although strains associated with duodenal ulcer in children 

seemed to carry the cagA gene (Celik at a/., 1998). In Brazil vacA s1b was 

the most prevalent genotype from children, with a strong association between 

the s1 strains and peptic ulcer disease in children (De Gusmao at a/., 2000). 

Yet another study has shown that the prevalence of antibodies to CagA and 

VacA were no different in symptomatic and asymptomatic children (Elitsur at 

a/., 1999). The data available so far are inconsistent and need further study. 

The correlation between bacterial virulence, the clinical outcome and 

inflammatory index has not been fully evaluated for Europe, especially in 

paediatric populations.

As H. pylori is an infection acquired in childhood it is of interest to determine 

the host response to potential virulent antigens, and particular genotypes in 

children, with a view to understand the role these may play in disease 

pathophysiology. This is the major focus in this part of the study.
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6.2.1 Materials and methods

This study was carried out in collaboration with Dr Giuseppina Oderda, Clinical 

Paediatric Unit, University of Piemonte Orientale, Novara, Italy. Recruiting of 

subjects, collection of: demographic data, samples (biopsies, serum), 

histology, IgG for H. pylori and culture from biopsies were carried out in Italy 

by Dr Oderda.

Identification and genotyping of H. pylori from isolates, and serological 

responses of H. pylori to virulent antigens were determined at the Department 

of Microbiology, Royal Free and University College London (UCL).

Ethical clearance was granted for this project by the Ethical Committee of the 

Pimonte region, Italy. Informed consent to use the data anonymously for 

research was obtained from the children or parents.

The study subjects consisted of 87 children, 43 males and 44 females in the 

age distribution of 1 to 17 years who were referred to the Paediatric 

Endoscopy Unit, University of Piemonte Orientale, Novara, Italy with dyspeptic 

symptoms and/or chronic abdominal pain. Endoscopy was performed with an 

Olympus GIF - X P20 paediatric gastroscope. Multiple biopsies were taken 

from the antrum of the stomach. Five ml of blood was collected and the serum 

was stored at -20 °C on the same day as endoscopy, until use. Histological 

examination was performed after haematoxalyin and eosin staining and 

microscopic identification with the Giemsa stain. Gastric histopathology was 

determined as in Warren (1984). One biopsy from each subject was 

homogenised in a sterile container and cultured.
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Bacterial culture was performed on agar plates containing Columbia blood 

agar base with 10% defibrinated horse blood, plus 1% isovitalex. Plates were 

incubated for 5 days in an atmosphere of 5-7% carbon dioxide, 5% hydrogen, 

88%-90% nitrogen, at 37° 0. Isolates were harvested into 1ml of brain heart 

infusion broth and transported to UCL for molecular studies.

Genotyping of the isolates

DNA was extracted using guanidium thiocyanate and capture onto silica (Boom, 

et al. 1990). PCR and Southern blotting and probing were carried out with the 

primers and experimental conditions as described in chapter 2.

Host immune response to Helicobacter pylori

Sero-prevalence was assessed by a standard ELISA assay against a whole 

bacterial antigen preparation (Sigma-UK), and antibodies to CagA protein 

were also assessed by ELISA (CTX Helori, Eurospital). The plates were 

interpreted according to the manufacturer’s instructions and the optical density 

recorded. A positive result was interpreted as the mean + 2 standard 

deviations of 20 negative matched paediatric population controls. All sera 

were also studied by immunoblotting as described by Mayo et al., (1998). 

Methods are detailed in Chapter 2.
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6.2.2.Statistical analysis

The association of strain variation, host response, and age were tested by Chi 

square or Fisher’s exact test as appropriate, by Joseph Eliahoo, Research and 

Development Unit, University College London Hospital.

6.2.3.Results

Results of PCR genotype analysis .

H. pylori were detected by gImM and vacA gene amplification 30 biopsies from 

the children who presented with dyspeptic symptoms. The distributions of vacA 

genotypes in this population are seen in Fig 10.

cagA , vacA and age correlation

The prevalence of the cagA gene using two sets of primers was 23/30 

(76.6%). Eight isolates were positive by both primers used and 19 were 

positive for the 369bp product whilst 12 were positive for the 183bp product. 

All eight strains of s1am1, the two s1bm1 and the isolates s1bm2, s1cm1 and 

the non- typable were positive for cagA gene. In the other isolates 4/7 of the 

s2m1', 2/4 of s2m2\ and 4/6 of s1am2 strains were cagA positive. There was 

no statistically significant association between the s1 locus and cagA gene 

(p=0.27) nor any statistically significant difference in colonization according to 

age (p=0.78. Fig 11). However a higher number of strains were isolated in 

children over eight years of age in this population (9/30 under the age of 8 

years and 21/30 strains over the age of 8 years) although this was not 

statistically significant (p=0.5).
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Figure 10. Composition of different strains in the population (Italy)
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years and 21/30 strains over the age of 8 years) although this was not 

statistically significant (p=0.5).

Strain type, cagA and histology

There was a significant association between strain type and histology 

(p=0.016: Table 25). Genotypes s1am1 and s1bm1, which are commonly 

associated with active gastritis, were isolated from 7/8 (87.5%) and 2/2(100%) 

of active gastritis cases respectively in the present study.

The cagA genotype was seen in 5/6 (83%) of children with chronic gastritis; 

13/16 with active gastritis; and 5/7 with follicular gastritis. The cagA gene was 

not present in atrophy nor in the normal mucosa. There was no statistically 

significant difference in the prevalence of cagA according to the histological 

type (p=0.292).

Strain type and host response to potential virulent antigens 

The strain type and the response to virulent antigens (Table 26) when 

evaluated showed no statistically significant correlation with either the CagA 

protein (p=0.8), urease (p=0.811) LPS (p=0.311); or to any of the Western blot 

bands tested (120 kDa, p=0.944; 89 kDa, p=0.708; 35 kDa, p=0.08; 26.5 kDa, 

p=0.163; 19 kDa, p=G.337). The 66kDa band was dropped from the analysis. 

As noted in previous studies (Nilsson e ta l 1997) this antigen reacted with sera 

from non-infected patients.
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Serological response to H. pylori in children

Eighty-seven subjects (44 females and 43 males) were tested for antibody (IgG) 

to H. pylori and 68/87 (78.1%) were positive. Antibody to CagA was seen in 

39/85 (45.8%). In contrast, only 25/85 (29.4%) were positive for IgG to urease; 

and only 24/85 (28.2%) harboured IgG to LPS. The optical density for LPS 

ranged between (0.44 to 0.84 in positive samples (Fig 12).
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Figure 12. H.pylori anil lipopolysaccharide titre in Italian children
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The age distribution of the antibody to the H. pylori whole cell sonicates, 

CagA, urease, LPS is seen in Table 27. There was no statistically significant 

difference according to age groups in the prevalence of IgG to CagA 

(p=0.983), urease (0.618), or LPS (p=0.703) nor the immunoblot bands 

(p>0.05).

There were statistically significant differences in the IgG response (Table 28) 

to LPS (p=0.011): CagA (p=0.016): and the immunoblot bands 120kDa 

(p=0.011): 89kDa (p=0.001); 35kDa (p=0.001); 26kDa (p=0.002): and 19kDa 

(p=0.020) according to the histological diagnosis of the stomach biopsies. 

Immunoblot bands 35kDa and 89kDa were seen in one case of atrophic 

gastritis.

Between males and females there was a significant difference in the IgG 

response to CagA (p = 0.046), and the immunoblot bands 120 kDa (p=0.019), 

35 kDa (p=0.036) and 19kDa (p=0.036) with a greater immune response in 

males.
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6.2.4. Discussion 

Genotype and histology

The commonest genotype isolated from this paediatric population was s1am1. 

This genotype has been considered a marker of pathogenesis in the USA and 

various European countries. However studies of virulence factors are difficult to 

interpret and, because of the lack of consistency reported from geographic 

regions and ethnic groups, there is no one genotype associated with disease. In 

this study 7/8 s1am1 and 2/2 s1bm1 strains were associated with an active 

gastritis with polymorphonucleur infiltration (Table 25). Of the two initially non- 

typable strains (Table 25), one was typed subsequently as s1cm1 and one 

strain could not be typed by primers for m and s regions. Both these strains 

were seen with active gastritis. The only case of atrophic gastritis was 

associated with a s2m1 strain.

In active gastritis caused by H. pylori, neutrophils comprise the initial 

inflammatory component of the response to the pathogen. Activated 

neutrophils have many properties, which may contribute both to tissue 

damage and also to the inflammatory cytokine cascade, which in turn results 

in further damage. There was a significant association of the genotype type 

with the histological diagnosis in this study, confirming the higher virulence 

potential of the s1am1 and s1bm1 strains in this population.

In this study the s1 allele was more frequently observed than the s 2 allele 

(18 s1 and 11 s2). This could be due to the fact that in younger children s1 

strains are more likely to colonize the stomachs because s1 allele is the most 

frequent in the population at large. Similar observations have been made from
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other studies in Europe. However it was interesting to note that the strain 

s2m1 was seen in 7/30 (23.3%) of the biopsies, and was next in incidence to 

s1am1, although reported as rare in other studies done previously (Espinosa 

etal., 1999).

Husson at a!., (1995) reported a positive association between the cagA 

gene and the severity of gastric inflammation and saw a prevalence rate of 

40% for cagA (Husson et a!., 1995). In the present study the cagA gene was 

seen in 76.6% of the study group but failed to show any statistically significant 

difference between the histological types. This brings in to question the 

importance of this gene in the virulence of H. pylori in this population although 

previous studies have found such a correlation.

Age and genotype

Among the 30 biopsies studied there was a higher incidence observed over 

eight years, suggesting that colonization may increase with age. H. pylori is 

known to be acquired predominantly in childhood and in this study one biopsy 

was positive within the age range of 0-2 years, which was seen to harbour a 

s1am1 strain, showing that colonization may occur at an early age in this 

population. It was also observed that in children under 5 years, H. pylori 

colonization was seen in 2 cases which increased to four in the age group 6- 

11 years and dropped to two over the age of 11 years (Fig 11). This agrees 

with previous studies that initial infection with H. pylori appears to be less 

firmly established in the gastric mucosa of young children, who acquire, lose 

and reacquire the infection (Klein etal., 1994).
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Genotype and host response to potential virulent antigens

The distribution of antibody to potentially virulent factors did not show any 

significant difference with the infecting strain (Table 26). However the 

responses elicited were different amongst the different strains: the s1am1 

strain had 75% of the isolates eliciting a response to LPS; s1bm1 had 50% 

whilst s1cm1, s1bm2, and the untypable strains failed to elicit any response. 

Results were not statistically significant, perhaps due to the small number of 

biopsies. However, this observation is of importance as these strains (s1am1, 

s1bm1) were associated with an active gastritis. Further studies with LPS and 

strain variation may be important in establishing a role of LPS in virulence.

The prevalence to antibody (IgG) to H. pylori in the population was 78.1 %; a 

high figure compared to studies done previously (Oderda et a!., 1991). The 

high prevalence could be due to demographic detail such as overcrowding 

and lower social standards, which were not studied.

The prevalence of antibody to CagA was seen in 45.8 % of the population; in 

contrast the prevalence of antibody to LPS and urease was very much lower 

(29% and 28% respectively). Previous data have shown that the prevalence of 

CagA antibody exceeds 60% in symptomatic adults (Crabtree etal., 1991) and 

exceeds 49% in asymptomatic adults (Crabtree et al., 1992). Very limited data 

are available on the prevalence of antibody to CagA and VacA in symptomatic 

children. Elitsur et al., (1999) reported that the prevalence of antibodies to 

CagA and VacA were 69% and 35%, respectively, in symptomatic children 

and 54% and 52% respectively in asymptomatic children.
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In the present study the antibody responses to CagA - IgG and the 

immunoblot band 120 (CagA) were statistically significant between groups, 

with a higher proportion in children in the active gastritis group. The 

association of CagA antigen with an increased antral mucosal 

polymorphonucleur leukocyte infiltration and with peptic ulceration is known in 

adults (Covacci et al., 1993). In children, clinical and histological 

manifestations of H. pylori infection are often moderate and therefore 

controversies concerning the relationship between the presence of this 

bacterium, histological features and clinical symptoms remain. This study 

supports the role of CagA in active gastritis, compared to follicular gastritis and 

chronic gastritis, although the cagA gene showed no correlation. Different 

sample numbers were used for serology and PCR, so the failure to show a 

significant association with the cagA may have been due to the smaller 

number of biopsies.

Immunoblotting is a method by which low levels of antibodies, not capable of 

detection by ELISA, can be demonstrated (Nilsson et al .,1997), by exposing 

individual bacterial proteins which allows antibodies to bind more easily. Many 

studies have concluded that in studies of H. pylori in children, immunoblotting 

is more sensitive and specific, in comparison to ELISA (Raymond etal., 2000). 

Rocha et al., (2000) found that immunoreactive bands increased with age; that 

the bands 35 kDa (OMR), 89kDa (VacA) and 116 kDa (CagA) were observed 

more frequently in older children; and that bands 89 kDa and 116 kDa were 

higher in children with duodenal ulcer than children without disease. There
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have been other studies, which concluded that CagA and VacA are common 

in paediatric populations and are not markers of specific disease.

The commonest markers of infection were the 89 kDa and 35 kDa 

immunoreactive bands. There was no age-related increase as seen in other 

studies, which may be due to the fact that the prevalence was very high and 

failed to show the expected age related increase. Antibody to LPS was also 

related to histology (p=0.01) and was lower in children with active gastritis 

compared to chronic gastritis (Table 28). This supports previous studies, 

which showed that strains responsible for gastric cancer have low antigenicity 

LPS, thus helping in persistent infection (Yokota et al., 1997). In the present 

study, the optical denisity of antibody to LPS varied between 0.4-0.8 

suggesting the prevalence of high and low antigenicity epitopes for LPS as 

seen by Yokota et a!., (2000).

Some previous studies from Italy both from children and adults have shown 

a greater prevalence of H. pylori in males (Oderda et al., 1998, De Giacomo et 

al., 1991). In the present study too there was a significant difference between 

males and females in the IgG response to CagA (p = 0.046), and the 

immunoblot bands 120 kDa (p=0.019), 35 kDa (p=0.036) and 19kDa 

(p=0.036) with a greater immune response in males. The reason for this 

differing immune response according to gender cannot be explained.

Interestingly, despite the marked prevalence of the virulence types observed 

in children, the duodenal ulceration rate was very low. Previous studies have 

shown that <10% of children had duodenal ulceration despite 69% positivity 

for CagA protein (Elitsur et al., 1999). Other studies have reported similar
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findings (Gzyl et al., 1999). In the present study, although symptomatic 

children were examined by biopsies, none of the 30 children had a peptic 

ulcer. These factors suggest either that genes that have been previously 

linked to virulence in the adults are inactive or switched off in children, or that 

there may be some other factors yet to be discovered, which are responsible 

for the start of ulceration. For example smoking, a strong predictive factor, is 

generally absent in children
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6.3 H. pylori and adults

It is well known that the clinical presentation of H. pylori is diverse within a 

single population group as well as between different populations. Also H. 

pylori exhibits greater heterogeneity than most bacteria, which may contribute 

to the substantial differences observed.

Previous cross-sectional studies on healthy blood donors in Italy based on 

the determination of IgG antibodies against H. pylori studies, confirmed a 

relatively high prevalence of H. pylori (45%) and pointed to gender, age, body 

mass index (BMI) and social class as consistent determinant factors for H. 

pylori infection. Infection was higher in males (46.4%) than females (38.4%), 

directly correlated with age, and found more frequently in people with a low 

educational level, in the lower quintile of height and upper quintile of BMI 

(Russo etal., 1999).

In yet another study (Palli et al., 1997) of the sero-prevalence of H. pylori in a 

large series of patients with upper gastro-intestinal symptoms, the overall 

prevalence was 71.3% with a strong association with increasing age and 

males. According to endoscopic diagnosis, the association with H. pylori sero- 

positivity was highest for duodenal and gastric ulceration, (multivariate, odds 

ratio; 6.1 and 2.2) and lowest for carcinoma. In a retrospective study of 

endoscopy in Northern Italy from 1981-1985, the number of confirmed 

duodenal ulcer cases exceeded that of gastric ulcer by a ratio of 6.6 to 1, 

which is in marked contrast to studies in Northern Europe, although similar to 

the USA (Pelissero et a/., 1989).
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More recently, a study done by Meucci et al., (2000) showed that in patients 

with H. pylori positive duodenal ulcer, the attributable risk percentage for H. 

pylori infection in the age ranges <40 years; 40-60 years; and 60 years was 

98%, 88%, and 66%, respectively.

Several studies have been done in Italy to identify additional factors that 

may influence the development of peptic ulcer disease and gastric cancer 

amongst H. pylori infected patients. In a study on geographic distribution of 

the vacA gene van Doom et al., (1999) found that the prevalence of s1a 

(47.5%) and s1b (52.5%) in Italy were similar. Significant associations 

between peptic ulcer disease and cytotoxic genotypes, characterised by the 

presence of s1 and m1 alleles and cagA have been observed in Italy 

(Navaglia et al., 1998). The type of host responses to potential virulence 

antigens observed in different clinical groups are not consistent. So far, 

studies show a significant association between the presence of antibody to 

CagA and peptic ulcer disease and gastric cancer (Navaglia et al., 1998; 

Sozzi et al., 1998). Donati et al.,I (1997) observed that the antibody titres to 

VacA and CagA were significantly higher (p=0.001) in patients with gastritis 

than in controls and that CagA antibodies seemed to correlate better with 

peptic ulcer disease than VacA antibodies.

Antigenic characterisation of H. pylori strains from different parts of the world 

show that despite diverse origins, strains show conserved major bands. Thus 

far only three studies have been completed which determined the quality of 

response to H. pylori antigens using lEF, but with contradictory results. Biselli 

et al., (1999) showed that 64% of H. pylori positive sera from a healthy
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population of military students presented with an oligoclonal response; whilst 

Menegatti et al., (1996) saw a predominant significant oligoclonal response in 

patients with gastric cancer and hypothesised that a long lasting infection 

could lead to immunologicaly re-forming, with a small number of lymphocytic 

clones continually responding to a limited number of epitopes, thus giving an 

oligoclonal pattern.

Biselli, et a!., (1995) in yet another study, showed that a H. pylori oligoclonal 

response is the commonest pattern observed in-patients with antral gastritis 

and duodenal ulcer. All studies so far on the qualitative response of H. pylori 

antigen have originated from Italy, yet with such diverse results, no definite 

answer. The present study, therefore, was carried out in serum samples of 

gastric cancer, duodenal ulcer, gastric ulcer, and acute gastritis patients, in an 

attempt to clarify the situation.

Although the strain diversity and host susceptibility are at present the main 

mechanisms of diverse clinical presentation so far, the exact mechanisms of 

the diverse clinical presentation of H. pylori have not been clarified. This study 

was conducted to observe the immune response to CagA, LPS, VacA, 

urease/Hsp; and to examine any correlation between the immune responses 

observed with age, sex, and clinical presentation.

6.3.1 Material and methods

Forty-seven patients presenting with dyspepsia to the First Medical Clinical, 

University of Bologna, Bologna were included in this study and this part of the 

study was carried out by Prof D. Vaira. The study group consisted of eighteen
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patients with duodenal ulcer, three with gastric ulcer, twenty with gastric 

cancer and six with antral gastritis; with an age range of 18-84 years. 

Informed consent was obtained, blood was collected and serum stored at 

-80°C.

Host immune response to Helicobacter pylori

Sero-prevalence was assessed by a standard ELISA assay against a whole 

bacterial antigen preparation (Sigma-UK), and ELISA (CTX Helori, Eurospital) 

also assessed antibodies to Gag protein. The plates were read as 

recommended and optical density recorded. The results were interpreted 

according to the manufacture’s instructions as these assays have a sensitivity 

of 98% and specificity of 94% with European populations.

The serological response to urease/Hsp and LPS was determined by an in- 

house ELISA as described (Chapter 2) and a positive result was defined as 

greater than the mean + two standard deviations of twenty known negative 

serum samples from the same population.

Thirty-four samples of sera were also studied by immunoblotting (Mayo et al., 

1998) as described previously in Chapter 2.

6.3.2 Results

Of 47 serum samples, 40 (85.1%) were H. py/or/positive, with 16/18 (88.8%) of 

patients with duodenal ulcer, 1/3 (33.3%) with gastric ulcer, 17/20 (85%) with 

gastric cancer and 6/6 (100%) of the antral gastritis patients. Antibody to 

CagA, urease and LPS was seen in 37 (78.7%), 35 (74.4%), and 12 (25.5%)
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patients respectively: There were no statistically significant differences 

between the various pathological groups for CagA (p=0.148), LPS (p=0.338), 

or urease (p=0.131, Table 29).

The responses to immunoblot bands tested are seen in Table 30. The 

commonest bands seen were 35kDa andGG kDa. There was no statistically 

significant difference in the prevalence of the bands tested between the 

different pathological groups (120 kDa, p=0.G48; 19kDa, p=0.88; 2G kDa, 

p=0.G7; 35 kDa, p=0.9G; GG kDa, p=0.33; 89 kDa, p=0.29).

Results of lEF

Fifty-three patients who presented with dyspepsia to First Medical Clinical, 

University of Bologna, Bologna were included in this part of the study. Blood 

was collected as described previously and sero-prevalence was assessed by a 

standard ELISA assay against a whole bacterial antigen preparation (Sigma- 

UK). lEF was carried out as described previously (Chapter 2), and results 

recorded (Table 31). An oligoclonal response was observed in patients with 

acute gastritis, duodenal ulcer and gastric cancer. There was no statistically 

different significance between the three groups (p=0.257).

G.3.3. Discussion 

lEF

Serological detection of H. pylori by ELISA gives an indication of the H. pylori 

status and may detect not only current but also past infection (Karnes, et al 

1991). Although ELISA represents an excellent diagnostic method, it only
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indicates whether there is an immunological response but gives minimal 

qualitative data and no indication of the type of immunological response the 

host is mounting.

An immune response to an antigen is a dynamic process with a progressive 

increase in avidity for the antigen (Steiner et al., 1967). lEF, can be utilized as 

a serum marker for long term colonisation by H.pylori as a small number of 

cells responding to a single or limited number of epitopes are characterised by 

the appearance of oligoclonal bands. The response observed can be mono, 

oligo or polyclonal, depending on the number of B cells clones (one, few, or 

several) actively secreting antibody. The type of response observed 

presumably depends on many factors, including the nature of the antigen and 

host antigen processing. In this present study, an oligoclonal response, once 

associated with gastric cancer, was also seen in patients with antral gastritis 

and duodenal ulcer with no significant difference when compared to the 

gastric cancer (p=0.2). This indicates that oligoclonality is more than a marker 

of disease and may actually be a characteristic of the type of humoral 

response to H. pylori. These results support the study conducted by Biselli at 

a i, in 1995 on patients with antral gastritis or duodenal ulcer and a healthy 

population infected with H. pylori in 1999 in Italy.

Western blot

In this sample population, immunoblot bands 35 kDa, 89 kDa and 66 kDa 

were the most frequently detected. However there were no significant 

differences between the groups tested. Earlier work gave differing and
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inconsistent results. For example, Mahachai et al., (1999) reported no 

significant association of the prevalence of CagA sero-positivity with the 

pathological type of disease. However, another study found a higher sero - 

reactivity against 35 kDa antigens in patients with peptic ulcer disease 

originating in Europe and Africa, and suggested this was a marker of virulence 

(Lamarques at a!., 1999). Aucher at a!., (1998) found that the presence of at 

least one band at 125 kDa, 87 kDa or 35 kDa was statistically associated with 

the presence of an ulcer. In yet another study, Yamaoka at a!., (1998) found 

that with the exception of the 33-35 kDa, antigen, there was no relationship 

between antigens, endoscopic diagnosis, and histological findings. These 

authors reported that the IL8 levels in the mucosa were related to the 

presence of serum antibody against a 33- 35 kDa antigen and noted that this 

antigen was seen at increased frequency and could be a potential virulence 

marker. In the present study, duodenal ulcer was characterised by the 

presence of bands 89 kDa, 35 kDa and 66 kDa; gastric cancer by 35 kDa and 

66 kDa; and acute gastritis by 35 kDa and 26.5 kDa; which occurred in greater 

numbers as compared to the other bands tested (Table 29). The lack of 

significant differences between the groups may have been due to the low 

numbers in the study. The prevalence of antibody to 35 kDa which is a novel 

uncharacterised component of H. pylori suggest further study is merited with 

comparisons between control and pathological groups.

As in previously noted by others, anti H. pylori antibodies showed differing 

patterns in the present study. The polymorphism of the antibody response of
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H. pylori is believed to reflect either an evolution of the immune response or 

an antigenic shift of the infecting strain (Bazillou e ta l .,1994).

Little is known about the antibody response elicited to LPS in different 

pathological states. The H. pylori strains can be classified into three types on 

the basis of their antigenicity in humans. Those with smooth LPS carrying the 

highly antigenic epitopes; those with smooth LPS carrying the weakly 

aiitigenic epitopes and those with rough IPS. Sera from humans with H. pylori 

infection can be grouped into three categories according to their immune 

response to these epitopes (Yokota et al., 2000): those with IgG against the 

highly antigenic epitopes (50%); those with IgG against the weakly antigenic 

epitopes (10%); and those containing both specific IgGs (40%), Yokota et al in 

(1997) reported that the antibody rate for LPS in natural human infections is 

approximately 70% against H pylori rough strains, and also noted that the 

antigenicity of tumour strains was significantly lower than those isolated from 

patients with gastro-duodenal disease.

In the present study it was seen that patients with acute gastritis had higher 

levels of antibody (50%) to LPS as compared to gastric ulcer (0%), duodenal 

ulcer (22.2%), and gastric cancer (25%) although this was not statistically 

significant. Yokota et al., (2000) also reported that strains derived from chronic 

gastritis have a tendency to express the highly antigenic epitope and that the 

structures which mimic the Lewis antigen exists independently of the two 

human epitopes identified. This raises the question of whether the low 

antigenicity strains are selected during the course of infection, by evading 

immune mechanisms in the body. Perhaps certain strains are more capable
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than others in the stimulation of human monocytes to release the neutrophil 

activating chemokine, IL8, and initiating a inflammatory response as described 

by Bliss etal., (1998).

The presence of anti CagA has been associated with the presence of ulcers; 

however the relevance of this correlation remains controversial (Cover et a!., 

1995, Xiang et a!., 1993). In this study there was no statistically significant 

difference in the groups tested using ELISA or immunoblotting, which supports 

the current thinking that CagA may be prevalent in infected asymptomatic 

subjects.

It has been reported previously that H. pylori urease, in particular the B sub

unit, is a major target for immune responses in patients with various gastro

duodenal diseases (Futagami et al., 1994). Futagami et al., (1998) showed a 

difference in the systemic and local immune responses against H. pylori 

urease in patients with chronic gastritis according to the stage of the gastritis. 

In stage I there was weak IgG but relatively strong IgA; in stage II a dominant 

IgG response was seen, and in stage III, significant IgG and IgA responses 

were seen. A similar pattern was seen in gastric juices (gastritis was classified 

as I, II, III based on the sum of inflammations defined in the Sydney system I = 

score 1-2, II = grade 3-4, 111= 5-6; Misiewicz et al., 1991).

However in the present study there was no significant difference in the 

antibody response in the different groups tested; thus suggesting that urease 

is not a virulence marker in pathogenesis. In conclusion, the virulence factors 

tested did not show differences between different pathological groups in this 

study group, but the 35Kda outer membrane protein was seen at greater
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frequency and has been little studied previously. Yamaoka et al 1998 reported 

that the IL8 levels in the I mucosa were related to presence of antibody to a 

33-34kDa antigen. Subsequently the HP0638 gene was designated as outer 

inflammatory protein gene responsible for the production of the 34-kDa 

protein. Thus, further study with this antigen is warranted.
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Table 25

The association of the strain types with histological diagnosis in 

children

Chronic

gastritis

Active

gastritis

Follicular

gastritis

Atrophic

gastritis

Total

s1am1 0 7* 1 0 8

s1bm1 0 2* 0 0 2

s1m1 4 2 0 1 7

s2m2 0 1 3 0 4

s1am2 2 2 2 0 6

s1bm2 0 0 1 0 1

Nt 0 2 0 0 2

Active = infiltration with polymorphonucleorcytes ‘ statistical 

=not typable

y significant Nt
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Table 26

The percentage distribution of antibody (IgG) to potential virulence factors 

with strains in children

Strain Urease CagA LPS 120

kDa

89

kDa

35

kDa

26

kDa

19.5

kDa

s1am1 25 75 75 75 100 100 87.5 87.5

s1bm1 50 50 50 50 100 100 50 50

S1cm1 0 100 0 100 100 100 100 100

s1m1 28.6 42.9 42.9 57.1 80 100 42.9 42.9

s1am2 60 66.7 50 83 3 100 83.3 66.7 66.7

s1bm2 0 100 0 100 100 100 100 100

s2m2 25 50 25 50 100 50 100 50

NT 0 0 0 100 100 100 100 0

WB= Western blot (kDa) on y 24 strains were tested for serology Nt =not typable

Table 27

The prevalence of IgG to H. pylori sonicate, LPS, urease and CagA in children 

of different age groups

Age groups LPS Urease CagA H. pylori

0-5years 9/27 9/27 12/27 19/27

6-11 years 8/28 9/28 13/28 26/30

>11 years 7/30 7/30 14/30 23/30

No significant differences
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Table 28

Histology with percentage IgG responses to virulence factors in 

children

Histology CagA
*

LPS Ure 1 2 0

kDa
★

89

kDa
"k

6 6

kDa

35

kDa

26

kDa

19

kDa
*

Chronic

gastritis

47 41 41 52 70 8 8 76 35 35

Active

gastritis

64 39 39 64 78 85 64 64 50

Follicular

gastritis

53 33 26 6 6 8 6 93 80 73 53

Atropic

gastritis

0 0 0 0 1 0 0 1 0 0 1 0 0 0 0

"statistically significant difference according to histology, 

ure= urease
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Table 29

Sero-prevalence of IgG (percentage) to virulence antigens in adults

CagA urease LPS H. pylori

n % n % N % n %

GU 1/3 33.3 1/3 33.3 0/3 0 1/3 33.3

DU 14/18 77.7 12/18 6 6 . 6 4/28 2 2 . 2 16/18 8 8 . 8

GC 16/20 80 16/20 80 5/20 25 17/20 85

AG 6 / 6 1 0 0 6 / 6 1 0 0 3/6 50 6 / 6 1 0 0

Total 37/47 78.7 35/47 74.5 12/47 25.5 40/47 85.1

GU = gastric ulcer, DU= duodenal ulcer, GC= gastric ulcer, AG= antral

gastritis (no significant differences)
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Table 30

Immune response (percentage) to immunoblot proteins (kDa) in various 

clinical groups in adults

Clinical

disease

1 2 0

kDa

89

kDa

6 6

kDa

35

kDa

26

kDa

19

kDa

GU 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0

DU 70 1 0 0 90 90 44 38

GC 53 82 94 8 8 70 65

AG 50 6 6 6 6 83 1 0 0 6 6

No significant differences
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Table 31

lEF in different clinical groups in adults

Polyclonal Oligoclonal Mono No response Total

n

n % n % n % n %

DU 3 2 0 3 2 0 1 6 . 6 8 53.3 15

GU 1 1 0 0 0 0 0 0 0 0 1

AG 5 26.3 9 47 2 15.7 3 15.7 19

GC 1 1 61 7 38 0 0 0 0 18

Total 1 2 2 2 . 6 19 5.6 3 5.6 19 35.8 53

No significant differences GU = gastric ulcer, DU= duodenal ulcer, GC= 

gastric ulcer, AG= antral gastritis (no significant differences)
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Chapter 7

7. The Immune response and colonization of Helicobacter pylori in a 

population of leprosy patients in Spain

7.1 Introduction

The colonization and immune response to H. py/or/antigen was studied in a group 

of leprosy patients and non-lepromatous controls, to determine whether or not 

there are any differences in the ability of the host, in both immunological polar 

categories of leprosy (see below), to mount a specific immune response to the 

various virulent antigenic components of H. pylori. Which factors affect the 

TH1/TH2 balance in H.pylori infection is not known, however recent studies have 

shown that TH1 polarisation of the gastric responses may be due in part to the 

direct effects of multiple different H. pylori strains that enhance IFN gamma and 

IL12 production whilest inhibiting IL4 which is required for cell proliferation and the 

TH2 response. (Meyer at ai., 2000).

Immune response in Leprosy

Mycobacterium leprae is an obligate intracellular pathogen that causes 

leprosy. The host’s main defence against infection with M. leprae is 

principally via cell-mediated immunity. Leprosy is a polar disease. At one 

end of the clinico-pathological spectrum, large numbers of organisms are 

present in the dermis; the immune response is characterised by a TH2 cell 

profile (IL-4, IL5), no granulomata are seen on histology; and the clinical 

presentation is of lepromatous leprosy (LL) with multiple skin lesions.
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presentation is of lepromatous leprosy (LL) with multiple skin lesions. 

Patients with LL cannot mount an effective cell-mediated immune response 

against the organism but demonstrate a polyclonal activation of B cells with 

raised levels of immunoglobulin. At the other end of the spectrum is 

tuberculoid leprosy (TL) where there are few bacilli; well-defined 

granulomata; an immune response characterised by TH1- (IFN-y, IL2); and 

few skin lesions. Patients with the tuberculoid form of leprosy mount an 

effective cell-mediated immune response. Some patients exhibit an unstable 

borderline state (BL) with different degrees of cellular immunity and a 

clinical presentation characterised by hypersensitivity reactions 

accompanied by skin and nerve damage. Untreated, these patients tend to 

move to the lepromatous end of the spectrum of disease.

Autoimmunity in H. pylori infection

There appears to be an association between colonization by H. pylori and 

various autoimmune diseases. Patients with insulin dependent diabetes 

mellitus (IDDM) who are colonized by H. pylori have higher levels of anti - 

parietal and islet cell antibodies compared to patients who are not colonized. 

In addition, colonization itself is significantly more common in IDDM than 

controls. Colonization by H. pylori may thus be related to the pathogenesis of 

IDDM and other autoimmune conditions such as atrophic thyroiditis (de Luis et 

al, 1998).

Auto-reactive antibodies against gastric tissue are produced during infection 

with H. pylori and may be involved in the pathogenesis of ulceration. Some
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strains are able to express Lewis blood group antigens as part of the bacterial 

cell wall LPS and these are also found on human gastric tissue. For example, 

Lewis B antigen has been identified on the HVK'^ATR’ase of the parietal cell. 

Auto-reactive antibodies directed at this epitope may be involved in gastric 

atrophy by damaging the parietal cells and acid production (Appelmelk et al.,

1997).

Other antigens that are common both to bacteria, including H. pylori, and 

host cells are the heat shock proteins, which may also be targets for 

autoimmunity. All cells under varying environmental stress produce heat shock 

proteins. The proteins are conserved across biological kingdoms and many 

bacterial Hsp are homologues in differing degrees to each other and host 

proteins (Zugel et al., 1999). H. pylori expresses a 54-60 KDa Gro EL 

homologue on its surface, which is closely associated with surface exposed 

urease (Dunn et al., 1992). This can be detected with polyclonal antibodies 

raised against mycobacterial Hsp65 (Eshweilier et al., 1993) suggesting 

homology between the two proteins. The human antibody responses to HspA 

increase with age and may be related to the length of colonization (Perez et 

al., 1991). Its presence or absence does not appear to correlate with disease 

status. The Hsp60 of H. pylori has 74% similarity to M leprae Hsp and 72% 

similarity to that of human Hsp (Macchia et al., 1993). The antibody response 

to HspGO is not correlated with any particular clinical state although rabbit 

antibody raised against H. pylori HspGO recognises human HspGO this 

suggests a possible role in immune pathology, in addition, also the sequence
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similarity between the three Hsp s suggests the possibiity of modulation of one 

infection by another.

Modulation of infection

Previous work has suggested that there may be a relationship between 

tuberculosis and H. pylori infection. However, a sero-prevalence study has 

refuted this, with rates of 73% in patients with tuberculosis (treated < 3 

months); 65% of patients with tuberculosis (treated > 3 months); and 69% of 

patients without tuberculosis. However, there appeared to be lower levels of 

anti - H. pylori antibody in patients who had been treated for less than 3 

months, suggesting the possibility of some form of modulation of the immune 

response against H. pylori \r\ tuberculosis (Sanaka et ai., 1998).

In addition, Helicobacter infection appears to modulate the progress of a 

viral infection. When mice chronically infected with H. pylori were challenged 

with recombinant Vaccina virus expressing HIV gp160, the CD8  response to 

the gp160 was reduced when compared to controls not infected with 

Helicobacter or exposed to non-colonizing Helicobacter. Also, Helicobacter- 

chronically-infected mice had a down-regulated TH1 cytokine response to 

gp160 compared to the controls, and there was a decreased ability to clear 

the viral infection (Shirai etal., 1998).
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H. pylori immunity

Investigations of T cells in the human stomach indicate that H.pylori induces 

principally a TH1 response with INF gamma production, but little production of 

cytokines associated with a TH2 response, IL4 and IL5 (Sommer et al., 1998).

Natural immunity to H pylori is obviously not protective despite a B cell 

response and antibody production. However, studies using whole cell 

sonicates of H. pylori, purified urease or recombinant urease combined with a 

mucosal adjuvant such as the B sub-unit of cholera toxin, have shown that 

mice can be protected from challenge with H. felis and H. pylori (Kleanthous et 

al., 1998).

Several other Helicobacter antigens have been tried as potential vaccines 

including CagA, and VacA, which been have shown to be effective. Protective 

immunity to Helicobacter is associated with the production of IgA directed 

against the urease, and infiltration of gastric mucosa with T cells whose 

specificity has not been determined. Experimental evidence has shown that 

the transfer of TH2 specific cell lines in mice results in clearance of 

Helicobacter trom the stomach, which does not occur if TH1 cells were used 

(Mohommmadi ef a/., 1997).

The aim of the present study, therefore, was to investigate whether there 

were any differences in the colonization and immune responses of leprosy 

patients (with either a predominant TH1 or TH2 response) colonized by H. 

pylori in both immunological polar categories of leprosy compared with each 

other and non-lepromatous controls.
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7.2 Materials and Methods

Recruitment of patients, collection of blood, testing of stools and leprosy 

assessment were performed in Spain by Dr Pedro Torres, Sanatorium San 

Francisco de Borja, Fontilles, Spain.

Patients

Fifty patients (male=30; female=20; age range 40-83; mean of 65 years) with 

leprosy at the Sanatoria San Francisco de Borja, Fontilles, Spain, were 

studied. Forty-nine elderly patients (Male =17; Female =32; age range 53-96; 

mean 74 years) who did not have leprosy but were cared for in the same 

sanatorium although housed in a different hospital building were the control 

population. All patients gave their informed consent for the study and the local 

ethics committee approved the study.

Histopathological status of the leprosy patients

Skin biopsies were taken from the patients as part of their leprosy 

assessment. The histopathological appearance and the numbers of bacilli 

were recorded according to the WHO system of classification (laboratory 

techniques for leprosy, WHO 1987).

Leprosy population

Thirty seven of the patients (M=22; F=15) had multi-bacillary disease with the 

typical histological appearance of LL and 13 patients (M=7; F=6 ) had TL 

disease with the histological appearances of borderline tuberculoid leprosy at 

first diagnosis. The time of the initial diagnosis ranged from 1976-1985. The 

most recent histology taken on these patients (1994-1997) showed skin and
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nasal smears to be negative for mycobacteria! in both the LL and borderline 

tuberculoid leprosy cases.

All subjects who had been given antibiotics within one year were excluded 

from the study. Many of the patients had other medical conditions in addition 

to leprosy. Ten had chronic hepatitis; three had renal failure; six had 

hypertension; one had diabetes; and eight had duodenal or gastric ulcers with 

one atrophic gastritis . Several of the patients had arthritis or chronic 

obstructive airway disease.

Clinical control population

Many of the patients had more than one medical condition. The most frequent 

complaints were of cardiovascular disease (hypertension, angina, cerebro 

vascular accident); senile dementia or Parkinson’s disease; arthritis; chronic 

obstructive airway disease; diabetes; and cancer; other conditions were 

alcoholism; fractures; epilepsy; syphilis; and depression. Two patients had 

duodenal ulcers. All subjects who had received antibiotics or anti secretory 

agents within the year preceding the study were excluded.

Faecal antigen study

Eighty-four faecal specimens were processed using an Enzyme immuno 

assay for the detection of faecal antigen for H. pylori - HpSA™ (Meridian 

Diagnostics; USA). The test was performed according to the manufacturer’s 

instructions, as described in Chapter 2.
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Sero-prevalence

The sero-prevalence of IgG to H pylori was determined using SIA ™ H pylori 

(HM-CAP™, SIGMA) in 99 serum samples, according to the manufacturer’s 

instructions, as described previously in Chapter 2.

Sero-prevalence of cytotoxin associated protein (CagA)

The prevalence of IgG antibodies to CagA was determined in 99 samples, 

using Helori CTX (Eurospital) according to the manufacturers instructions and 

interpreted as described previously in Chapter 2.

Sero - prevalence of urease and LPS

IgG to urease and LPS was determined in 99 serum samples using an in - 

house assay (Chapter 2) and data was analysed using the cut-off for this 

population, as described previously in Chapter 2.

Westernblot analysis

The IgG antibodies to six antigens of H. pylori were tested using an in-house 

assay, described in Chapter 2.

7.3 Statistical analysis

The results were analysed with the assistance of Mr J Eliyahoo, Research 

and Development Unit, University College Hospital London.

Measures of association were compared using the chi-squared test or 

Fisher’s exact test. Multivariate analyses were assessed on the outcomes of
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ELISA for H. pylori IgG and then HpSA for stool antigen, using logistic 

regression with leprosy groups combined against the control group, as well as 

each of the leprosy groups against the control. The outcome variables were 

compared with the independent variables: IgG to Cag A, urease, LPS, and the 

different variables of Western blots.

7.4 Results

Prevalence of H.pylori

The prevalence of H.pylori in the two populations and the two polar groups of 

leprosy patients assessed by the HpSA faecal antigen test and IgG to H pylori 

high molecular weight cell associated proteins is given in Table 32.

There were no statistically significant differences in the prevalence of stool 

antigen IgG to H. pylori between the control and leprosy group or between the 

LL and TL leprosy groups (Table 32 and 34).

Immune response to specific H.pylori virulence antigens 

The proportion of patients with an antibody response to the CagA protein, 

urease/Hsp and LPS is shown in Table 32 and antibody levels in Fig 13. 

However, the IgG response to potential virulent antigens failed to show any 

statistically significant difference in the 3 groups tested (Table 34).

Western blot analysis reactivity to antigens of molecular weight 120kDa, 

89kDa, 30kDa, 26kDa, 19kDa, is shown in Table 33. When the Chi square 

and Fisher’s Exact test were used bands 35, 26 and 19kDa showed some 

statistically significant differences between clinical groups (Table 34).
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There was a statistically significant difference in the prevalence of antibody to the 

26.kDa antigen between the control and each of the leprosy groups. Antibody to 

the 19kDa antigen was significantly different between the control and both TL 

and combined leprosy groups. Seroreactivity to 35kDa band was significantly 

different between LL patients and both control and TL groups.

The final model for logistics regression gave the following results (Table 35). 

There was a significantly lower likelihood, of.a positive Western .blot,band, of 

19kDa for the combined leprosy group against the control group (p=0.01, 

OR=0.27, 95%CI=0.11-0.68). In contrast, there was a significant higher 

likelihood of a positive 19kDa for the TL against the control group (p=0.01, 

OR=20.54, 95%CI=2.30-183.13). Finally, there was a significantly lower odds 

ratio (p=0.01, OR=0.25, 95% Cl =0.09-0.76,) of a positive 19kDa band for the LL 

group against the control group. As the number in the TL was low, it was 

concluded that the larger LL group was responsible for the significant finding in 

the combined leprosy group.

There was a significantly higher odds ratio of a positive 35kDa band in the LL 

group compared with the control group (p=0.01, OR=4.6, 95%CI=1.42-14.91) or 

the TL group (p=0.04, OR=5.42, 95% 01=1.09-26.89). Therefore it was 

concluded that the 35kDa band occurred more frequently in LL patients 

compared to the other two groups. Similarly, there was a significantly higher 

likelihood of a positive 26.kDa band in the LL group compared with the TL group 

(p=0.03, OR=5.99, 95% 01=1.17-30.78).
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The number of different banding patterns showed a high degree of 

heterogeneity between patients, with 90 of the number of theoretically 

possible patterns being represented.

7.5 Discussion

Both H.pylori associated gastritis and leprosy are chronic infections with 

H.pylori eliciting a predominantly TH1 response and affecting the stomach. 

Extra-gastrointestinal manifestations have also been suggested, including the 

possibility of autoimmune disease such as diabetes. H.pylori colonization is 

also recognised as a risk factor for the development of gastric cancer. On the 

other hand, leprosy elicits a polar TH1 or TH2 response and clinically affects 

mainly the skin and nerves.

In this study, the prevalence of H.pylori infection in a population of patients 

with leprosy was compared to a geriatric population from the same area of 

Spain and living in the same sanatorium, though in separate hospital 

buildings. There were unavoidable differences in both populations, with more 

male leprosy patients yet more female geriatric patients; a mean age of 65 

years for the leprosy patients but 74 years for the geriatric patients and a 

lower class (IV, V) of the leprosy patients compared to the geriatric patients 

(III, IV), because most of the leprosy patients had been itinerant vagrants and 

socially ostracised. None of these small differences are likely to have any 

major influence on the prevalence of H.pylori in this population.

The prevalence of H pylori was high, ranging from 89-100% with H pylori 

IgG and from 72-85% with stool antigen to H. pylori. Previous studies from
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Spain, (Madrid) have shown that sero-prevalence in healthy individuals is 

similar to that in countries with high socio economic standards (de Argila et 

al., 1996).

The high prevalence of H. pylori observed in this study is most probably 

related to the socio-economic conditions of the study group. The majority of 

the leprosy patients had been at the lepromatous end of the clinical spectrum 

of disease at diagnosis and prior to treatment would have had a TH2 response 

to M.leprae antigens such as the GOkDa heat shock protein. It is feasible that 

cellular responses directed at M.leprae antigens might have influenced the 

colonization by H.pylori, particularly as the H.pylori Hsps of both organisms 

share 74% homology, the Hsps of H.pylori is a vaccine candidate (Kleanthous 

et al., 1998), and because a predominantly TH2 response is protective 

(Mohommadi et al., 1997), It may be that the prevalence of H.pylori could be 

lower in this polar catergory of Leprosy.

However it was demonstrated that patients with leprosy are no more or less 

likely to be colonized by H.pylori than a control population, as judged by the 

sero prevalence. More specifically, there was no statistically significant 

difference between the incidence of peptic ulcer disease or diabetes between 

the two populations, suggesting that the cellular responses directed at M. 

leprae have had no influence on colonization by H.pylori despite the similarity 

in the Hsp. Although a definitive answer is not available, the defect in cell- 

mediated immunity in lepromatous patients is extremely specific. For example 

these individuals do not suffer increased morbidity following infection by
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pathogens such as viruses, protozoa, or fungi, for which cellular immunity is 

important.

No differences in the immune response to H.pylori antigens, CagA, 

urease/Hsps or LPS were noted in any of the control or either leprosy group, 

although previous studies have demonstrated that up to 70% of leprosy 

patients are sero - reactive to H.pylori LPS (Yokota et al., 1997). However 

these authors noted variation in the responses, with some patients responding 

poorly, which is confirmed in this study (Fig 13, OD range 0.01-1.46, mean 

=0.4).

Overall there were no major differences in the immune responses to H.pylori 

between the study groups. Western blotting confirmed both that antibodies to 

the 30 kDa antigen were the most common. The high degree of heterogeneity 

in the antibody responses to Helicobacter, found in other studies (Mayo et al.,

1998), is most likely due to heterogeneity in the host response, as despite its 

genetic heterogeneity, H. pylori antigens are conserved.

Both leprosy and control groups were comparable in the variety of responses 

as determined by the different patterns detected. An average of four immuno- 

reactive bands were detected in leprosy patients as opposed to five bands in 

the control population, but this difference was not statistically significant when 

a Mann Whitney test was used (p=0.16).

Antibody to the 19kDa occured less frequently in LL patients compared to the 

control group. Immunoblotting experiments on hyper immune rabbit serum and 

sera from patients with H.pylori gastritis has shown a consistent antibody 

response to this protein. The 19kDa protein is in the outer membrane and is

263



specific for H pylori. Due to its consistent presence in symptomatic subjects it 

is been considered as a target for diagnostic tools (Drouet etal., 1991).

The 26kDa and 35kDa immunoblot bands were seen at statistically 

significant increased levels in LL patients although the numerical difference 

were very small (Table 34) and may be coincidental.

The failure to show any significant difference in overall H.pylori prevalence 

between the three groups may be due to the small numbers of patients in this 

study as a result of the low prevalence of leprosy in Europe and the omission 

of patients on antibiotics. Alternatively, it is possible that there is no influence 

of H. pylori on M. leprae or vice versa. However, the occurrence of the19kDa 

band at a lower frequency in leprosy patients suggests some form of immuno- 

modulation which has led to a lower antibody response in those with a 

predominantly TH2 response.

The high prevalence of H.pylori in this region left only a few negative 

samples. Hence as an extension of this study, it would be useful to examine 

H. pylori colonization in a larger group of leprosy patients, to include a 

comparative number of TL patients, with comparison of the immune response 

to potential virulent antigens in these three groups. Such a study is planned in 

the future in Sri Lanka, which has a large number of TL patients.
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Table 32

immunological response and antigen detection

Sample

s

Assay Nu Control Leprosy LL TL

Stools HpSA 84 29/34

(85.3%)

37/50

(74.0%)

27/37

(72.0%)

10/13

(76.0%)

Serum ELISA

Sonicate

99 44/49

(89.8%)

47/50

(72.3%)

34/37

(91.9%)

13/13

(1 0 0 .0 %)

Serum ELISA

CagA

99 20/49

(40.3%)

27/50

(54.0%)

21/37

(56.8%)

6/13

(46.2%)

Serum ELISA

Ure/Hsp

99 36/49

(73.5%)

36/50

(72.0%)

24/37 

( 64.9%)

12/13

(92.3%)

Serum ELISA/LPS 99 19/49

(38.8%)

15/50

(30.0%)

10/37

(27.0%)

5/13

(38.5%)

LL= Lepromatous leprosy, T L= Tuberculoid leprosy, Nu=number
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Table 33

Immunological responses as seen with Western blot

Protein bands 

(kDa)

Control Leprosy LL TL

1 2 0 32/49 26/50 20/37 6/13

89 28/49 22/50 18/37 4/13

35 21/49 28/50 25/37 3/13

30 33/49 30/50 22/37 8/13

26 31/49 26/50 23/37 3/13

19.5 26/49 14/50 13/37 1/13

LL= Lepromatous leprosy, TL= Tuberculoid leprosy
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Table 34

Serological response to various H. pylori and its antigens compared by 

the Chi square and Fisher’s exact test in the control and leprosy groups

Variable Control /LL 

p value

Control/TL 

p value

Control/ 

(LL+TL) 

p value

LL/TL 

p value

Hpsa 0.78 0.50 0 . 2 2 0 . 2 0

ElisaHp sonicate 0.29 0.23 0.44 0.74

Elisa Cag 0.51 0.73 0.19 0.14

Elisa Urease 0.06 0.15 0.87 0.39

Elisa LPS 0.44 0.98 0.39 0.25

120kDa 0.62 0 . 2 1 0.18 0.29

89 kDa 0.26 0.09 0.19 0.43

35 kDa 0.015* 0.19 0.19 0 .0 2 *

30 kDa 0.9 0.69 0.4 0.45

26 kDa 0.015* 0 .0 1 * 0.26 0.92

19.5 kDa 0.06 0.003* 0 .0 1 * 0 . 1 0

* Statistically significant, Hp= H. pylori, Hpsa = stool antigen, LL= 

Lepromatous leprosy, TL= Tuberculoid leprosy
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Table 35 Serological response to various H pylori and its antigens 

compared by logistics regression in the control and leprosy groups

Control / 

(LL/TL)

Od SE 95%CI Control

/LL

p value

Control

/TL

p value

Control 

/(LL+TL) 

p value

LL/TL 

p value

WB19.5 . 0.27 • 0.13 . 0 .1 1 -0 . 6 8 0 . 0 1

Control/

TL •

WB19.5 20.5 22.9 2.3-183.1 0 . 0 1

LL/TL

Wb35 5.42 4.44 1.09-26.8 0.04

Wb26 5.99 5 1.17-30.7 0.03

Control/

LL

Wb35 4.60 2.76 1.42-14.9 0 . 0 1

WB19.5 0.25 0.14 0.09-0.76 0 . 0 1

* Statistically significant results shown, LL= Lepromatous leprosy, TL= 

Tuberculoid leprosy, od= odds ratio

268



Figure 13. H.py/or/anti lipopolysaccharide titre in leprosy and control groups
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Chapter 8

8 Immune responses to Helicobacter pylori in a population of TAP 1 

mutant mice, and control group of C57BL/6 mice

8.1 Introduction

In humans, H. pylori establishes a chronic infection, which can result in 

various degrees of gastric disease from peptic ulcer disease to gastric cancer. 

Infection results in the development of a markedly heterogeneous systemic 

IgG and mucosal IgA antibody response, which is insufficient for clearance of 

infection. Further the innate response stimulated by H. pylori, with the up- 

regulation of IL17, IL8  and the recruitment of activated neutrophils is also 

unable to eradicate the organism, but may actually be harmful, by 

exacerbating the damage to the gastric epithelium via a bystander effect 

(Luzza et al., 2000). A TH2 response on the other hand has shown to be 

protective.

Recent studies on human gastric cell clones suggest that the cytokine profile 

of antigen-specific T cells may differ in patients with peptic ulcer disease 

compared to gastritis. It was seen that in ulcer disease the H. pylori specific 

response was more polarized to a TH1 profile than in chronic gastritis. Those 

with chronic gastritis had a TH profile producing IL5 and IL4 in addition to the 

TNF alpha and IFN gamma (Karttunen at ai., 1995).

Many antigens such as LPS, CagA, and VacA have shown to be potential 

virulence factors (Figura 1997; Pece et al., 1997, Vandeplas et a/., 1999). 

However the role of each of these factors in the TH1/TH2 response is not 

known. This study was aimed at determining the possible role of each of these
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factors in the induction of cytokines important in modulating the TH response 

and also the importance of these antigens as potential vaccine candidates.

There is evidence that immunization is a strategy that may be useful both 

for primary prevention and perhaps also as therapy for H. pylori infection. The 

early results obtained in the H. fells mouse model (Czinn at a/., 1993; Ferrero 

at a i, 1994) v\/ere confirmed subsequently by studies which showed that mice 

can be protected from H. pylori challenge by immunization with a variety of 

whole cell or recombinant H. falls or H. pylori antigens (Marchetti at a i, 1995; 

Lee et ai, 1994). Most studies have used oral administration of recombinant 

H. pylori specific urease, although other antigens have also been used. 

Greater protection has been achieved by administering the vaccine with an 

adjuvant, which has principally been Escherichia coll (E. coif) heat labile toxin 

(LT) or the B subunit of cholera toxin. A study by Lee at ai., (1995) showed 

that 5pg of H. pylori urease, with a cholera toxin B, protected 60-100% of 

study mice against challenge with H falls. Heat shock protein has also been 

shown to confer immunity; oro-gastric immunization of mice with H.pylori 

specific recombinant heat shock protein (Gro ES) resulted in 80% protection 

when challenged (Ferrero at a i, 1995). Further, mice immunised with purified 

recombinant vacuolating cytotoxin (rVacA) were protected from challenge with 

a rVacA+ strain of H. pylori (Marchetti at a i, 1995). Catalase as a potential 

vaccine candidate has also been identified (Radcliff at a i, 1997). More 

recently, a conserved H. pylori lipoprotein (Lpp 20) in that is membrane 

associated but not surface exposed, has been shown to be a protective 

immunogen (Keenan at a i, 2000). Thus far, immunization against
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Helicobacter infection in mouse models has not prevented associated gastritis 

completely, therefore provides no complete cure, although a reduction in 

bacterial load to a level undetected by the assays used and an improvement 

in gastritis is generally seen. An effective vaccine to prevent or eradicate H. 

pylori colonization probably requires different, or probably, additional antigens, 

preferably combined with adjuvants; hence the need for further study.

T cells

Following natural infection with H.pylori, the gastric mucosa, which normally 

contain few lymphocytes and inflammatory cells, is infiltrated with larger 

numbers of neutrophils and lymphoid cells. Populations of CD4  ̂and CD8   ̂T 

cells are recruited into gastric tissue during Helicobacter infections (Jabrink et 

al., 2001). CD4+ cells are mainly helper T cells, involved in the activation of B 

cells to produce antibodies, or the activation of phagocytic cells, which kill 

engulfed bacteria. CD4+ cells are MHC-II restricted and respond to extra- 

cellulary derived antigens. On the other hand CD8 + cells are class I MHC- 

restricted, respond to intracellularly -derived antigens and are mainly cytotoxic 

T cells, although a sub population of CD8 + T cells also produce cytokines 

which can activate phagocytic cells.

After infection with H. pylori there is an increase in the CD4+ cells found in 

the lamina propria although there is no significant change in the population of 

intra-epithelial lymphocytes (which are predominantly CD8 +). A high 

frequency of H. pylori CD4^T cell clones derived from infected gastric biopsies 

respond to H. pylori antigenic stimulation in vitro in a TH1 like fashion (D'Elios
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et al., 1997). These H. pylori specific T cells also provide helper function for B 

cell proliferation and immunoglobulin secretion (D'Elios et al., 1997).

The cytokines

Primarily, TH1 cells and natural killer cells (NK Cells) produce IFN gamma. 

Besides its antiviral activity, IFN gamma has been shown to play a role in host 

defences by exerting anti-proliferating immunoregulatory and pro-inflammatory 

activities. IFN gamma induces the production of cytokines and up-regulates 

the expression of class I and II MHO antigens, Fc receptors, and leukocyte 

adhesion molecules. IFN gamma modulates effector functions, influences 

isotype switching and potentiates the secretion of immunoglobulins by B cells 

(Remick et a/.,1997).

Another important cytokine is IL12, a TH1 stimulating cytokine, made by B 

cells and monocytes and which may contribute to the polarisation of the T 

response (D'Elios et al., 1997). IL12 is a potent stimulator of NK cells and 

these cells will secrete IFN gamma following stimulation, which further polarise 

the T cells response to a TH1 profile by augmenting IL12. The effects of IL12 

are almost the reciprocal to those of IL10, which is an anti-inflammatory 

cytokine.

IL10 also has important biological effects on T cell function. It is made by a 

variety of cells, including TH2 T cells, macrophages, and B cells. It was 

previously called “cytokine synthesis inhibitory factor” as it could inhibit 

cytokine synthesis by activated TFI1 and NK cells. It also inhibits IFN gamma 

induced production of Nitric oxide (NO) which therefore indicates that IL10 is
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anti inflammatory down regulating TH1 response. IL10 secretion causes 

proliferation of B cells and mucosal mast cells (Remick et al., 1997).

A sub-population of T cells and mast cells produce IL4, which has important 

immune response-modulating activities on a variety of cell types. It is an 

important modulator of the differentiation of precursor T helper cells towards a 

TH2 subset that mediates humoral immunity and modulates antibody 

production. It is also an important regulator of isotype switching, inducing IgE 

production in B cells and is cross-regulated by i l l  2 (Remick et a!., 1997).

Major Histocompatibilty Complex (MHO) and antigen presentation 

MHO provides part of the signal for the T cell receptors. MHO class I 

molecules present intra-cellular peptides to cytotoxic T cells. These peptides 

are labelled with ubiquitin and degraded by the proteasome and are derived 

from newly-synthesized cellular or viral proteins. The peptides are 

translocated across the endoplasmic reticulum (ER), where they bind to MHO 

class I molecules (Townsend 1989). The peptide translocation is performed by 

specialized ABC (ATP binding cassette) transporter associated with antigen 

processing (TAP). TAP therefore forms a major link between antigen 

generation and presentation. MHC class II -restricted antigens are derived 

from extra-cellular proteins and are not labelled with ubiquitin, nor processed 

by the proteosome. They are presented to CD4+ T cells.

TAP: cell lines and TAP -defective mice

Mutant cell lines with defective antigen presentation have been produced. 

These are found to be defective in the cell surface expression of Class I or II
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molecules, although the alpha chain of class I molecules are synthesised 

normally, and complex formation between class I alpha and beta 2-micro

globulin occurs (Ljunggren et al., 1990). With these cell lines, antigen 

presentation was defective. It was suggested that these mutant cell lines have 

a defect in the transport of peptides from the cytosol into the ER and that class 

I molecules require peptides for stable surface expression.

The transporter associated with' the antigen processing 1 (TAR t)  gene 

encodes a sub unit for a protein presumed to be involved in the delivery of 

peptides across the ER to the class 1 molecule.

The TAP 1 and TAP 2 molecules consist of three regions (Fig 14) - a 

membrane spanning region; a cytosolic peptide binding region, and a 

molecule binding region. The latter is responsible for binding ATP and thus 

(Fig14) inducing a conformational change in the molecules, thereby allowing 

transport of the peptide across the membrane. The TAP1/TAP2 heterodimer is 

inserted in the membrane of the endoplasmic reticulum.

The alpha chain and beta 2 micro-globulin are synthesised in the rough 

endoplasmic reticulum and transported to the smooth ER where the alpha 

chain combines with a chaperone e.g. Calrexin. The beta 2-microglobulin 

combines with the partially-folded alpha chain, the chaperone is released and 

the alpha chain- beta 2  micro-globulin dimer localizes on the luminal side of 

the ER at the site of the TAP- heterodimer.

The peptide, which is transported by the TAP complex thus binds 

immediately to the peptide groove of the MHC I complex which is then 

transported to the cell surface.
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Van Kaer et al., (1992) have introduced a population of mice with a deletion 

in the TAP1 gene of embroyonic stem (ES) cells by gene targeting and have 

produced mice homozygous for the mutation (Van Kaer at a!., 1992). Cells 

from TAPI deficienct mice lack Class I cell surface expression and are 

defective in the intracellular transport and assembly of Class I molecules. TAP

I mice show a normal distribution of CD4+ but have no mature CD8 + cells 

hence mice with these cells will not generate a cytotoxic response against 

antigens. Class I deficient mice (beta 2 micro globulin deficient) are lacking in 

CD8 + but in TAP 1 deficient mice, CD 8 + cells are still present. Their B cell 

lineage is intact and they can mount a normal humoral response.

van Doom at a/., (1999) showed that when a mouse model (C57BL/6) was 

infected with a recombinant CagA (rCagA) / rVacA positive strain, 

inflammatory changes were seen in the gastric mucosa 3 weeks after 

infection; four weeks after infection there was a significant increase in T cells. 

There was an increase in CD4 and CD8  in areas with increased MHC class

II antigen expression. However cytokines did not show a polarised TH 

response at an early phase of infection.

Colonization by H. pylori is prolonged in MHC I deficient mice but following 

oral immunization with whole cell lysate of H. pylori, colonization is reduced in 

MHC I -deficient, but not MHC II -deficient mice. In the former , there is an 

IgGI response, but there is no IgG response in MHC II -defective mice (Pappo 

at al., 2000). Smythies at al., has shown that up -regulated production of IFN 

gamma in the absence of the opposing effects of IL4 plays a pivotal role in 

promoting H. py/on induced mucosal inflammation.
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It is possible that bacterial antigens such as rVacA, rCagA, LPS, and 

urease may play a role in determining the clinical outcome of H. pylori 

infection by modulation of the TH1/TH2 profile. However the role of each 

individual factor in the TH1/TH2 response is not fully known.

The aim of this study was to investigate the immune response to purified 

H.pylori antigens in mice that had only a functional class ll-restricted CD4+ 

pathway, by eliminating any possible contribution from the Class I restricted 

CD8 + pathway, with a view to better understand the immune response to 

antigens recognised to be markers of enhanced virulence.

8.2 Materials and methods

H. pylori infection and immunization schedules

Groups (n=36) of 5-8 week-old TAP1-deficient mice and C57BL/6 mice were 

obtained from the Biological Services unit, William Harvey Research Institute, 

London, UK. The mice were maintained in laminar flow micro isolators for the 

duration of the experimental procedures which were performed by research 

institue staff unit animal licenses. The mice were immunised in groups of six 

by the intra-peritoneal route (IP) with 100 pi volumes of antigen or saline 

(controls) using sterile procedures, according to the following protocol in Table 

36. The antigen rOagA and rVacA were used at lower concentrations due to 

restricted availability of the antigen. The immunization doses were obtained 

from previous reports (Lee et al .,1994). Injections were carried out at weekly 

intervals at the start and at one and two weeks. Blood was collected as 

indicated for up to six months (Table 37).
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Serum was separated and stored at '20° C until use. The amount of sera 

collected from each mouse was not adequate to carry out all the assays; 

therefore sera were pooled from mice according to the time interval of 

collection.

0  weeks -

1 + 2  weeks - indicated as 1 week (1 w)

3+4 weeks - indicated as 1 month 

2+3 months - indicated as 2 nd month 

4+5 month - indicated as 4*̂  month 

6  month.

Antigen preparation

Urease and LPS was prepared in house as described in the Chapter 2. The 

antigens rOagA and rVacA were provided by Dr D Vaira, University of 

Bologna, Italy

Cytokine assays

The serum levels of IL10, IL12, IL4 and gamma interferon were determined by 

murine cytokine assays (R&D systems,UK) according to the manufacturers 

instructions (Chapter 2).

278



Determination of serological responses

The antigen concentrations (LPS, urease, rCagA, rVacA) used in the ELISA 

were determined as described and ELISA done as described in Chapter 2.

According to manufactures instructions the minimum detectable dose of 

mouse IL12 is 2.5pg/ml. The recovery of IL12 by this assay from mouse serum 

is 88-104% with an intra assay precision of 10.1% for three sample sof known 

concentration, and an inter-assay precision in twenty assays of 6.1%. The 

minimum detectable dose of mouse IFN gamma is 2 pg/ml. The recovery of 

IFN gamma by this assay from mouse serum is 91-106 % with an intra assay 

precision of 2.7% for three samples of known concentration, and inter-assay 

precision in twenty assays of 10.1%. The minimum detectable dose of mouse 

I LI 0 is 4 pg/ml. The recovery of 1L10 by this assay from mouse serum is 8 8 - 

116% with an intra-assay precision of 5% for three samples of known 

concentration, and an inter-assay precision in twenty assays of 7.8%. The 

minimum detectable dose of mouse IL4 is 2 pg/ml. The recovery of IL4 from 

mouse serum by this assay is 88-118%, with an intra-assay precision of 4.5% 

for three samples of known concentration, and an inter -assay precision in 

twenty assays of 5.8%. According to the manufacture there is no significant 

cross-reaction with any of these four assays.

8.3 Statistical analysis

Data was non-parametrically distributed and comparisons between groups 

(control and TAP) were done using the Kruskal Wallis test.
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8.4 Results

Circulating levels of IL12 following immunization with specific antigens Figs 

15, 16.

The IL12 response to LPS was seen to peak at 2 months in control mice 

(250pg/ml) and had decreased rapidly by 4 months. In TAPI mice the 1112 

peaked slightly later at 4 months (500pg/ml) and had come down rapidly by 6  

rnonths (p=0.744). * - -

The I LI 2 response to rCagA also peaked at 2 months in control mice 

(250pg/ml) and fell to low levels by 4 months. In TAP 1 mice the I LI 2 peaked 

also at 4 months (500pg/ml) and had halved its levels by 6  months (p=0.806). 

The IL12 response to urease peaked at 2 months (125pg/ml) in control mice. 

In TAP 1 mice the IL12 levels were low with a maximum of 60 pg/ml lasting 

from 1 -4  months (p=0.181).

The IL12 response to rVacA was low in both control and TAP 1 mice 

(p=0.145) and barely differed from the saline injection.

The responses observed for the whole cells lysate were at a low level and 

peaked at 2 months in both control and TAP 1 animals (p=0.738).
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Figure 14. Structure of TAP molecule
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Figure 15. IL12 response in control mice
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Figure 16. IL12 response in TAPI mice
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The IFN gamma responses to different antigens in the control and TAP1 

deficient group are shown in Fig 17,18.

The IFN gamma response to LPS in control mice peaked at 2 months 

(150pg/ml) and come down rapidly by 4 months. In TAP 1 mice the IFN 

gamma peaked at 1 month (50pg/ml) and came down gradually over 6  months

(p=0 .1 2 1 ).

The IFN gamma response to rCagA low in both groups (p=0.462).

and peaked at 1 month in controls the concentration reached (40pg/ml), but in

TAP 1 mice the maximum was 25pg/ml, the concentration.

The IFN gamma response to urease was low in the controls and peaked at 2 

months (40pg/ml). In TAP 1 mice IFN gamma levels were low with a maximum 

of 48pg/ml which peaked at 1 week (p= 0.618).

The IFN gamma response to rVacA was low with a peak of 80pg/ml in controls 

at 2 months. In TAP 1 mice the IFN gamma peaked after 1 week with a level 

of 45 pg/ml (p=0.121).

The IFN gamma response to whole cell lysate was high in controls and 

peaked at 1 month (200pg/ml). This was not observed in TAPI mice where 

levels were <50pg/ml (p=0.431).
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Figure 17. IFN gamma response in control mice
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Figure 18. IFN gamma response in TAP 1 mice
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The IL 10 response to different antigens in the control and TAP 1 deficient 

groups is shown in Fig 19,20.

The I I  10 response to LPS was seen increase gradually with the highest 

level (30pg/ml) seen at 6  months in control mice. In TAP 1 mice the IL10 had 

increased after 1 week but maintained a level of 8 -1 0 pg/ml over the test 

period. This difference between groups was statistically significant (p= 0.04).

The IL 10 response to CagA also increased gradually in control mice with the 

highest level seen at 6  months (30pg/ml). In TAP 1 mice the IL10 was seen at 

a concentration of approximately lOpg/ml over a period from 1 week to 1 

month, and thereafter declined (p=0 .0 2 ).

Any IL10 response to urease was undetectable in control mice. In TAP 1 

mice there was a low response with lOpg/ml at 2  months.

The IL10 responses to rVacA and whole cell lysate were very similar in 

controls this was undetectable until the 4̂  ̂month when a level of 15pg/ml was 

detected, but this was gone by 6  months. In TAPI mice there was a low 

response from 1 week onwards (p=8 -1 0 pg/ml) from 1 week onwards which 

persisted over 6  months (p=0.104, 0.09 respectively).
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Figure 19. IL10 response in control mice
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IL 4 responses to different antigens in the control and TAP 1 deficient are 

shown in Fig 21-22.

In the control group of mice only the rVacA antigen elicited a detectable 

response which increased gradually, after the month (p= 0.622). In TAP 1 

mice LPS elicited a response which was seen from the week to the 

month (p= 0.14); rCagA increased from the 1st week, and peaked in the 2̂ ^̂  

month (p=0.140); the other antigens did not elicit any detectable response 

(p>0.05).
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Figure 21. IL4 response in control mice
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Figure 22. IL4 response in TAPI mice
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Antibody response to selected antigens Figs 23-27

LPS and whole cell lysate elicited a response in both control and TAP1 mice; 

rCagA did not elicit a response in control mice; rVacA failed to elicit a 

response in either group of mice.

An antibody response to LPS (Fig 23) was detected as early as 1 week 

peaked at 4 months and then declined. In TAP 1 mice there was an antibody 

response that peaked at 2 months and declined thereafter. Therq was. no 

statistically significant difference in the antibody response between the two 

groups of mice (p=0.631). •

There was no rise in antibody response to rCagA in control mice (Fig 24). 

Flowever, there was a response in the TAP mice with moderately high levels 

seen from 1 week onwards. These differences in the antibody response in the 

two groups were significant (p=0.004).

rVacA (Fig 25) failed to elicit any significant response in the two groups of 

mice (p=0.569).

An antibody response to whole cell lysate (Fig 26) was detected within 1 

month in both control and TAP1 mice. This response thereafter declines and 

no statistically significant difference was observed between the two groups of 

mice (p=0.521).

The antibody response to urease (Fig 27) peaked at 4 months in the control 

group, and 6  months in TAP1 mice. There was no statistically significant 

difference between the two groups of mice (p=0.810).
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Figure 23. Distribution of antibody to LPS
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Figure 24. Distribution of antibody to rCagA
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Figure 25. Distribution of antibody to rVacA in mice
Chart drawn uses expanded Optical Density to show low response.
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Figure 26. Distribution of antibody to whole cell lysate in mice
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Figure 27. Distribution of antibody to urease/hsp complex in mice.
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8.4 Discussion

The present study focussed on the response level of each cytokine associated 

with either TH1 or TH2 when stimulated by potential virulence factors with the 

absence of CD8 + cells by the use of controls and TAP1 CDS restricted mice. 

In this case the extra-cellular antigens studied (the fact that the TAP1 i.e. 

CD8 + restricted) should not affect the balance of cytokine production, TH1/2 

balance nor the levels of cytokines. However the responses were seen to vary 

between the two groups.

Overall there was little difference between the IL12 levels in the control and 

TAP1 mouse groups except for a delayed response to LPS and rCagA . LPS, 

rCagA and rVacA induced Interferon gamma in control mice in greater 

amounts compared to TAP1 mice. There was also greater IL 10 production 

elicited by LPS and rCagA in the control mice which was statistically 

significant and a more prominent response following urease in the TAPI 

mice. The IL4 production was minimal as were the differences between the 

groups.

No clear cut conclusions can be drawn from the observations in this study, 

and it is possible that the differences between the two study groups were due 

to other factors which affect antigen presentation and TH1/2 and balance.

The principal T cell response to extra-cellular antigens consists of CD4 + T 

cells which respond to protein antigens in association with class II MHC 

molecules. Antigen presenting cells (APC)s are ubiquitious and found in most 

tissues. They are highly active in the internalization of a wide range of 

proteins. However, the expression of class II MHC molecules varies among
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macrophages of various tissues and also among species. Most human 

monocytes and macrophages express class II molecules and are active in 

presenting antigens in contrast class II MHC are expressed in only a 

percentage of macrophages in the mouse; here the percentage of class II 

bearing cells varies from the majority of spleen macrophages to just a few 

peritoneal macrophages. The injection route was intra -peritoneal in this study 

and accordingly the antigen presentation in the mice may have varied from 

that which occurs in humans.

The antigen molecule itself is important in that physical and chemical 

properties determine the extent to which an antigen can be taken up. LPS acts 

as a T-independent antigen and are potential cytokines stimulators. Thus 

elicitng the enhanced responses seen with LPS. The amount of antigen itself, 

the portal of entry (i.e. more immunogenic, via the subcutaneous than 

intravenous or oral route) will determine induction of specific immunity.

In addition certain factors are known to influence the differentiation of the TH 

response towards TH1 or TH2. The local cytokine milieu depending on 

previous exposure, may favour a TH1 or TH2 response. Co-stimulators 

expressed in APC, the genetic make up of the host, and the doses of antigen 

will all determine the development of the TH response, in addition to the 

antigen itself. The dose of the antigens is important as in some systems low 

doses of antigen a TH2 response whereas higher doses induce a of TH1 

response (Constant et al., 1995). All these factors may have contributed to the 

differing responses observed here, although at present no clear association 

can be made. It is also important to note that H.pylori infections in vivo
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progress very slowly and it takes many years to manifest as a disease in 

humans. Therefore, study of the pathogenesis over a limited time period may 

fail to reveal the true picture.

Examination of the individual antigenic components in this present study 

confirms that LPS is a potent stimulator of IL12 and IFN gamma, although it 

elicited low levels of IL10. Recently, LPS has been shown to stimulate the 

release of IL8 , hence may play an important role in pathogenesis (Bliss et a.J 

1998) although as it is known to be of low potency in induction of host 

inflammatory responses it is considered to play only a minor role in 

pathogenesis. The role of LPS from H. pylori in the induction of IL12 has not 

been studied before and the results presented here may indicate that LPS 

has a role in eliciting a TH1 response, charachteristic of H. pylori infections, 

and may thus play a role in pathogenesis.

Shimoyama at a!., (1999) showed that increased expression of IL12 mRNA 

in rCagA positive H. pylori has a role in the pathogenesis. The results from the 

present study show an increase in IL12 and IFN gamma, with low levels of 

IL10 in both groups of mice. This further supports the observation that CagA 

may direct the response towards TH1.

VacA is thought to have an important role in the induction of gastric epithelial 

cell lesions but not in eliciting inflammation (Ghiara etal., 1995). In the present 

study it was observed that the antigen induced low levels of cytokines. 

However the concentration of antigen injected was lower than the other 

antigens in the present study, which was a limitation. In keeping with previous
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work the present study also suggests that vacuolating cytotoxin may not play 

a significant role in inducing gastric damage.

H. pylori urease is known to be a potent stimulus of mononuclear phagocyte 

activation and inflammatory cytokine production ( Ermark et a! .,2000) as seen 

in the present study with the urease/ Hsp complex and may also be important 

in directing a TH1 response. In yet another study, protection of mice against 

H. pylori infection by immunization with the urease antigen was shown icr.ba 

dependent on MHC class II restricted, cell mediated mechanisms showing that 

CD8 + cells do not play a role in protection (Ermak at aA, 1998). Emerging 

concepts on vaccination studies (Ermak at a/., 2000) hypothesize that 

antigens with ability to stimulate both TH1 and TH2 responses may be 

important for protection, rather than polarized responses.

In the present work although the other sub-units elicited a response the 

levels of 1 1 1 2  achieved by injection of whole cell lysate were low in control 

mice. This may be because alterations in the physical structure resulted in the 

antigen not being presented to the T cells to elicit a cytokine response as with 

other antigens. However, TAP1 mice were found to elicit a response with 

whole cell lysate which suggests that a TH1 mediated response is elicited by 

H. pylori.

There was an antibody response to all injected antigens except rVacA; which 

may be due to the low dose of antigen used to induce a response, or the 

failure to undergo appropriate post translational modification. The differences 

in the response level and the time of maximum response varied in the two 

groups of mice which may be due differences in antigen presentation. Several
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recent studies have indicated that not only a cellular response but also the 

humoral response might contribute to pathology in H.pylori infection (Faller et 

a!., 1997). Auto-antibodies that react with the gastric mucosa have been 

detected in a large proportion of patients infected with H.pylori. Lewis X and Y 

antigens have been suggested as the target for these antibodies as these are 

expressed in H.pylori LPS (Appelmelk at al., 1997). Although in animal model 

anti lewis antibodies have shown to cause gastric pathology, in humans Lewis 

antibodies do not seem to be the target (Negrini at al., 1991; Faller at 

a/., 1998). Limited information is available on the experimental induction of 

antibodies against Lewis antigen or other epitopes. The present study shows 

that there is an antibody response starting within 4 weeks of injection, but the 

possibility that this reaction is due to cross-reacting antigens could not be 

eliminated. It would be of interest to determine if this observed response 

included any antibodies directed against epitopes expressed in the gut 

mucosa, and which therefore may be important in pathology.

Limitations to the study

This study was greatly limited by the fact that serum cytokine levels (which 

would be low) were determined instead of in vitro stimulation with antigen and 

detection of cytokine. However this was done as H.pylori natural infection is a 

slow complex process manifesting over years and it was hoped to get a more 

realistic picture than by in vitro stimulation. Responses observed with some of 

the cytokines were delayed and perhaps use of spleen cells from mice with in 

vitro stimulation would have detected lower levels of cytokine and thus a more
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accurate picture. Although the ELISA assays used were highly sensitive and 

specific, the use of a molecular technique could have improved the results.

The study determined the systemic response and the responses in the gut 

mucosa may be more important for this minimally invasive gut pathogen. The 

sera had to be pooled due to lack of sufficient volumes to carry out all the 

tests planned, so if a single mouse which elicited an abnormal response 

could alter the true picture. Blood was collected from tail bleeds which may 

have provided a site entry point to pathogens subsequently, which have been 

responsible for some of the responses seen. Although it was planned to study 

the response in CD4- mice, due to reasons beyond control they could not be 

included.

Future Work

Immunization of the animals should be carried out over 3 weeks apart and the 

animal euthanised at 1 week and 3 weeks following injection. After aseptic 

removal of spleens, a cell suspension should be made after removing the red 

blood cells. Re-stimulation in vitro with appropriate antigens should be 

carried out, with subsequent cytokine assays done with ELISA and PCR to get 

a clearer picture. It is also necessary to determine the response in CD4+ 

deficient mice to the antigens tested, with comparisons between control and 

CD8 + mice, repeated using subcutaneous and oral methods of immunization, 

compared to the intra -peritoneal method. Finally colonization with H.pylori 

after injection with the antigens used should be monitored.
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Table 36

Injection protocol for mice

Groups Antigen Injection

volume

Dose

(pg/mouse)

A (n=6 ) Non pyrogenic 

injectable saline

1 0 0 pl

B (n=6 ) Urease/Hsp 1 0 0 pl 1 0

C (n=6 ) *rCagA 1 0 0 pl 5

D (n=6 ) *rVacA 1 0 0 pl 1

E (n=6 ) LPS 1 0 0 pl 1 0

F (n=6 ) Whole bacterial 

lysate

lOOpI 1 0 0

Y =recombinant and donated by Prof. Vaira, University of Bologna, Italy
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Table 37

Protocol for Immunisation and collection of blood

Time Collection of blood

0  week Collection of blood followed by injection

1 week Collection of blood followed by injection

2  week Collection of blood followed by injection

3 week Collection of blood

1 month Collection of blood

2 "̂  month Collection of blood

3̂  ̂month Collection of blood

4*̂  month Collection of blood

5*̂  month Collection of blood

6 ^̂ month Collection of blood
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Chapter 9

9 Concluding remarks

Due to varying constraints, not all the objectives stated in Chapter 1 could be 

obtained from each of the geographic populations studied. However, other 

additional interesting enigmas and issues pertaining to each of the locations 

have been revealed.

Prevalence studies in Sri Lanka 

Sri Lanka, was previously believed to have a low prevalence of H. pylori. 

This study has shown that in Sri Lanka, initial infection with H. pylori appeared 

to occur in early childhood whilst active disease began in late childhood. It 

was confirmed that serological testing and antigen detection methods failed to 

reveal the true prevalence. However, molecular techniques showed the 

prevalence to be similar to other developing countries, with some 

heterogeneity in the prevailing genotypes, which make it an interesting 

location for further investigation.

Typing of strains from different geographic locations

Thus far, little is known about the prevalence of genotypes of H.pylori from 

many of the developing countries. Therefore, this study has investigated the 

cagA and vacA status of a collection of H.pylori cultures from patients of 

diverse geographic origins. However there were certain limitation in the study, 

in that the locales studied are only a representative population from a certain 

region of the country studied; secondly, within each area the strains were 

obtained at endoscopy from symptomatic patients, thus the findings are

301



genotypes were all obtained from a mixtures of colonies. Despite these 

limitations, this work shows that there was diversity of strains from different 

regions of the world studied, with all vacA alleles represented. The distribution 

of strains in Sri Lanka were somewhat similar to Italy. However, compared to 

Italy and Zambia, greater strain heterogeneity was seen in Sri Lanka and Iran 

with the primers used, and it would be of interest in the future to determine the 

sequences of these non-typable strains.

The s1 allele was the common genotype in Zambia and s1b the 

commonest subtype, whilst in Iran s2 and s1 were seen at an equal 

frequency, with s1c the most commonly observed subtype. Subtype s1c is 

prevalent in East Asia but appears to be rare in other parts of the world. In 

previous studies, subtype s1c identified in other locales was nearly exclusively 

identified in individuals who were born and spent their early years in East Asia. 

In this study for the first time it was seen that s fc  is the predominant strain of 

the s1 alleles in the Middle East, but whether it reflects historic invasions from 

East Asia is not known. The subtype s1b is commonly seen in the Iberian 

Peninsula and South America. It is also the commonest prevalent strain from 

Africa and may reflect result from a local indigenous strain or perhaps a 

historic connections.

In Sri Lanka the s1am1 genotype was the commonest prevalent strain, with 

all vacA alleles represented except s1cm2. There was no significant 

correlation between s1 allele and disease state in this country, a situation also 

reported in Japan. In contrast, there was a significant association between 

colonizing strain and histological diagnosis of disease in strains isolated from
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a paediatric population in Italy, where the commonest strain was also s1am1 

(Fig 28). In Iran, there were no statistically significant differences in the 

H.pylori genotypes between peptic ulcer and non-ulcer groups.

As in previous studies, subtype s1a was seen more commonly in Northern 

Europe and its predominance in the Commonwealth countries may reflect 

historic relationships (Kersulyte et a!., 2000). If the subtypes s1a and s1b 

already existed in Europe and were freely transmissable, a more homogenous 

distribution would have been expected. On the other hand, if transmission of 

H. pylori is highly local, only occurring over very short distances during 

childhood, this may have prevented a broader geographic distribution of each 

subtype. An alternative hypothesis would be that the distribution of different 

subtypes reflects a particular adaptation of H. pylori to specific host 

populations.

The study demonstrates the genetic diversity of geographically distinct 

strains it is the first investigation to highlight strains prevalent from the Middle 

East and Sri Lanka; and adds to the limited knowledge from Africa which has 

been little studied previously. The s1 allele; although associated with disease 

in the West fails to show the same association in studies from Asia. Therefore, 

H.pylori strains with similar markers have induced different clinical and 

histological presentation and the vacA alleles cannot be used universally to 

determine disease states. Perhaps they are only surrogate markers, and this 

highlights the need to focus on other, previously unstudied, loci. A more 

comprehensive approach to understanding the different pathogenic effects of 

these genotypes requires that the effect of each gene within the bacterial
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genome be interrogated simultaneously. This is possible due to the availability 

of the complete genome sequence for two different H. pylori strains and the 

development of microarrays containing representation of each of these genes 

(Salama et ai., 2000) and provides a plan for future work. Also the study of 

determinants of gene activity from biopsies by RT-PCR of mRNA will further 

contribute to better understanding of the relationship of H. pylori to it s host.

Blaser et ai (2001) hypothesis that divergence among H. pylori strains would 

further increase by differences among people in traits important to individuals 

strains for colonization; which may be types of Lewis antigens available for H 

.pylori adherence.

Immune response to antigens

Host factors must at least partly determine the response to H.pylori infection, 

and environmental factors may also be important in the final clinical outcome, 

interactions between H.pylori and viral or parasitic infections is of importance, 

as other infections may modify the outcome of either or both infective 

processes. Because a protective response to H. pylori is described to be a 

TH2 response. The prevalence of H. pylori in leprosy was studied. However, 

the results suggest that the TH2 response seen in leprosy is specific for M. 

leprae, although, a certain degree of immune modulation was seen when 

antibody responses to various antigenic components that were tested. Further 

studies with a larger number of patients may help to delineate the immune 

modulations observed in the study.
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The work done on Zambian samples shows that urban upbringing, Ascaris 

infection and low CD4+ count were all associated with a reduced likelihood of 

H.pylori sero-positivity. This study was the first to show a role of a commonly 

prevalent helminth, with a predominantly TH2 response, in the modulation of

H.pylori in humans, although previously this has been shown in an animal 

model. Gastro-duodenal mucosal lesions were not found in HIV sero-positive 

adults; smoking was associated with an increased risk of macroscopic 

pathology, and a history of BCG immunization was linked with a reduced risk. 

Of the serological response against putative H. pylori virulence markers, only 

LPS was associated with pathology, which contrasts with that observed in the 

paediatric population from Italy, where a low antigenicity was associated with 

active gastritis. This suggests that there may be geographic differences in the 

structure of the LPS.

In the present study the gastro-duodenal mucosal lesions were as common 

as in population-based studies reported from industrialised countries, and 

environmental and immunological factors are believed to contribute to the 

development of pathology.

Overall the host response to CagA, VacA and the urease/Hsp complex did not 

appear to determine the clinical outcome but low antigenicity LPS was 

identified as potential and virulence marker and may have a role in persistent 

infection, and thus long term complications.

It was also noted that oligoclonality is more a marker of infection than 

disease. Although this study was from different geographic populations with 

varying diets, no clear-cut conclusions could be drawn, as details of diet could
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not be obtained from ail the populations tested. However this is an avenue for 

further exploration in the future.

In the study designed to determine the role of VacA, CagA, LPS, and 

urease/Hsp in the modulation of TH1 and TH2 responses in a animal model, it 

was seen that LPS was a potent stimulator for the development of a IL12 and 

IFN gamma response. There were differences between the two groups tested 

(control V CD8 -/-) but the differences were difficult to explain as it is believed 

that the host response elicited for H.pylori is generally CD4+ restricted as the 

antigens are extra-cellular in nature.

Overall, the animal study showed that all the antigens studied, except 

rVacA, were immunogenic and directed the host towards a TH1 response. 

None were seen to be important in the induction of a response towards TH2 

response although in animal studies both urease and VacA have been 

protective.

This study reinforces the view that disease states associated with H. pylori 

are a combination of the bacterial factors; genetic diversity among humans 

and therefore the host response to potential virulence factors; and 

concomitant infections, with perhaps additional factors such as the diet.
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Future work 

Tissue typing

1. Few studies have been carried out regarding the association of HLA 

class II genes of the host with H. pylori related disease (Yoshitake et a!., 

1999). The data generated so far are inconclusive. Tissue typing to 

determine the association of HLA genes DR, DQ, DP with related 

disease from different geographic populations is planned.

2. Strains circulating among geographic locations were shown to differ 

with regard to the genomic structure. With the primers used in this 

study, the cagA prevalence ranged from 42%-86% (Sri Lanka, 45%; 

Iran 42%; Italy 76.6%; and Zambia 8 6 %) with Sri Lanka and Iran 

showing a low prevalence, although relatively small numbers of strains 

were studied. Further studies are planned.

3. The subtypes of the cagA 3’ repeat region (Yamaoka et a!., 2000) may 

be used to identify the host population of origin of H pylori isolates; to 

clarify Western and Eastern strains in these countries; to see if there is 

any disease correlation with 3’ cagA subtypes in the different 

geographic regions and also perhaps to trace population migration and 

will be carried out in the future.

4. The 16- 23 rRNA inter-generic spacer region has been used to type 

various bacteria and studies are planned to determine strain variation 

in different parts of the world.
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Figure 28. Distribution of Genotypes West to East
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Data of IgG to H. pylori in Saliva and results of stool antigen

Sri Lanka

Sample no OD value for saliva Eye reading for stool antigen Result
1.00 .13 .00 .00
2.00 .00 .00
4.00 .00 .00 .00
5.00 .00 .00 .00
9.00 .00 .00
12.00 .09 .00 .00
13.00 .00 .00
14.00 .00 .00
16.00 .00 .00
18.00 .04 .00 .00
19.00 .00 .00 .00
20.00 .00 .00 .00
21.00 .00 .00 .00
22.00 .04 .00 .00
23.00 .00 .00
25.00 .00 .00 .00
26.00 .00 .00
27.00 .02 .00 .00
30.00 .00 .00 .00
31.00 .00 .00 .00
32.00 .00 .00 .00
34.00 .04 .00 .00
36.00 .00 .00
37.00 .10 .00 .00
40.00 .03 .00 .00
41.00 .05 .00 .00
42.00 .04 .00 .00
45.00 .00 .00
46.00 .00 .00 .00
47.00 .03 .00 .00
48.00 .00 .00 .00
49.00 .00 .00
50.00 .03 .00 .00
52.00 .00 .00
53.00 .08 .00 .00
56.00 .12 .00 .00
57.00 .13 .00 .00
58.00 .08 .00 .00
59.00 .10 .00 .00
60.00 .12 .00 .00
61.00 .00 .00 .00
65.00 .09 .00 .00
66.00 .07 .00 .00
69.00 .07 .00 .00
72.00 .00 .00 .00
73.00 .10 .00 .00
74.00 .10 .00 .00
75.00 .09 .00 .00
77.00 .14 .00 .00
78.00 .00 .00 .00
80.00 .00 .00 .00
81.00 .12 .00 .00
83.00 .15 .00 .00
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85.00 .04 .00 .00
89.00 .00 .00
90.00 .00 .00 .00
91.00 .00 .00 .00
93.00 .00 .00 .00
94.00 .12 .00 .00
95.00 .15 .00 .00
96.00 .11 .00 .00
101.00 .02 .00 .00
102.00 .01 .00 .00
103.00 .00 .00 .00
104.00 .11 .00 .00
105.00 .00 .00 .00
106.00 .06 .00 .00
107.00 .00 .00 .00
108.00 .00 .00
109.00 .03 .00 .00
111.00 .00 .00 .00
112.00 .08 .00 .00
113.00 .00 .00 .00
114.00 .04 .00 .00
115.00 .01 .00 .00
117.00 .00 .00 .00
118.00 .00 .00 .00
119.00 .00 .00
120.00 .00 .00 .00
121.00 .01 .00 .00
122.00 .03 .00 .00
123.00 .09 .00 .00
126.00 .00 .00
128.00 .04 .00 .00
129.00 .00 .00 .00
130.00 .13 .00 .00
132.00 .00 .00
133.00 .12 .00 .00
134.00 .11 .00 .00
135.00 .08 .00 .00
136.00 .10 .00 .00
137.00 .11 .00 .00
138.00 .05 .00 .00
139.00 .05 .00 .00
140.00 .09 .00 .00
141.00 .09 .00 .00
142.00 .13 .00 .00
201.00 .00 .00 .00
202.00 .03 .00 .00
203.00 .00 .00 .00
204.00 .00 .00 .00
205.00 .00 .00 .00
208.00 .00 .00 .00
209.00 .06 .00 .00
211.00 .00 .00 .00
213.00 .00 .00 .00
214.00 .14 .00 .00
217.00 .10 .00 .00
219.00 .14 .00 .00
221.00 .11 .00 .00
222.00 .10 .00 .00
224.00 .12 .00 .00
225.00 .10 .00 .00
226.00 .10 .00 .00
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228.00 .10 .00 .00
233.00 .10 .00 .00
234.00 .10 .00 .00
235.00 .04 .00 .00
236.00 .10 .00 .00
237.00 .12 .00 .00
238.00 .14 .00 .00
239.00 .12 .00 .00
241.00 .13 .00 .00
243.00 .08 .00 .00
245.00 .08 .00 .00
54.00 .00 1.00 .00
55.00 .09 1.00 .00
64.00 .02 1.00 .00
70.00 .00 1.00 .00
71.00 1.00 .00
84.00 .10 1.00 .00
97.00 1.00 .00
127.00 .00 1.00 .00
3.00 .34 .00 1.00
6.00 .18 .00 1.00
7.00 .23 .00 1.00
8.00 .45 .00 1.00
10.00 .32 .00 1.00
11.00 .56 .00 1.00
15.00 .23 .00 1.00
17.00 .24 .00 1.00
24.00 .45 .00 1.00
28.00 .23 .00 1.00
29.00 .45 .00 1.00
33.00 .34 .00 1.00
35.00 .45 .00 1.00
38.00 .27 .00 1.00
39.00 .32 .00 1.00
43.00 .31 .00 1.00
44.00 .19 .00 1.00
51.00 .35 .00 1.00
62.00 .21 .00 1.00
63.00 .26 .00 1.00
67.00 .32 .00 1.00
68.00 .19 .00 1.00
76.00 .20 .00 1.00
79.00 .19 .00 1.00
82.00 .47 .00 1.00
86.00 .42 .00 1.00
87.00 .18 .00 1.00
88.00 .54 .00 1.00
92.00 .32 .00 1.00
110.00 .29 .00 1.00
124.00 .18 .00 1.00
125.00 .27 .00 1.00
131.00 .19 .00 1.00
206.00 .23 .00 1.00
207.00 .42 .00 1.00
210.00 .32 .00 1.00
215.00 .18 .00 1.00
218.00 .18 .00 1.00
220.00 .26 .00 1.00
223.00 .18 .00 1.00
227.00 .17 .00 1.00
229.00 .16 .00 1.00
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230.00 .53 .00 1.00
231.00 .25 .00 1.00
232.00 .26 .00 1.00
242.00 .16 .00 1.00
244.00 .16 .00 1.00
116.00 .16 1.00 1.00
212.00 .17 1.00 1.00
216.00 .18 1.00 1.00
240.00 .18 1.00 1.00
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Anti H.pylori and anti CagA (IgG) results for a Healthy population from 

Sri Lanka

Sample number H.pylori result OD IgG H.pylori OD IgG CagA CagA result
1.00 0 0.1 .33 1.002.00 0 0.194 .05 .003.00 0 0.2 .08 .004.00 0 0.186 .05 .005.00 0 0.277 .00 .006.00 0 0.092 .00 .007.00 0 0.223 .00 .008.00 0 0.165 .00 .009.00 0 0.303 .04 .0010.00 0 0.214 .04 .0011.00 0 0.146 .03 .0012.00 0 0.111 .04 .0013.00 0 0.226 .19 .0014.00 0 0.134 .01 .0015.00 0 0.157 .15 .0016.00 0 0.2 .03 .0017.00 0 0.223 .00 .0018.00 0 0.1 .03 .0019.00 0 0.332 .02 .0020.00 0 0.117 .00 .0021.00 0 0.294 .07 .0022.00 0 0.215 .02 .0023.00 0 0.142 .00 .0024.00 0 0.317 .90 .0025.00 0 0.162 .01 .0026.00 0 0.218 .06 .0027.00 0 0.232 .26 1.0028.00 0 0.084 .00 .0029.00 0 0.209 .01 .0030.00 0 0.094 .02 .0031.00 0 0.049 .04 .0032.00 0 93 .01 .0033.00 0 0.001 .04 .0034.00 0 0.073 .00 .0035.00 0 0.171 .03 .0036.00 0 0.341 .15 .0037.00 0 0.2785 .03 .0038.00 0 0.218 .02 .0039.00 0 0.219 .02 .0040.00 0 .242 .10 .0041.00 0 0.119 .00 .0042.00 0 0.267 .01 .0043.00 0 0.108 .21 .0044.00 0 0.065 .01 .0045.00 0 0.18 .32 .0046.00 0 0.113 .03 .0047.00 0 0.231 .04 .0048.00 0 0.115 .01 .0049.00 0 0.148 .01 .0050.00 0 0.138 .08 .0051.00 0 0.114 .10 .0052.00 0 0.067 .07 .0053.00 0 0.194 .05 .0054.00 0 0.266 .03 .0055.00 0 0.06 .14 1 .00
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56.00 0 0.153 .08 .0057.00 0 0.238 .01 .0058.00 0 0.182 .04 .0059.00 0 0.161 .03 .0060.00 0 0.069 .02 .0061.00 0 .05 .0062.00 0 0.168 .04 .0063.00 0 0.312 .00 .0064.00 0 0.001 .01 .00Sample number H.pylori result OD IgG H.pylori OD IgG CagA CagA result65.00 0 0.051 .00 .0066.00 0 0.148 .05 .0067.00 0 0.17 .00 .0068.00 0 0.003 .91 1.0069.00 0 0.341 .27 1.0070.00 0 0.225 .02 .0071.00 0 0.135 .10 .0072.00 0 0.334 .04 .0073.00 0 0.273 .04 .0074.00 0 0.089 .02 .0075.00 0 0.145 .03 .0076.00 0 0.226 .01 .0077.00 0 0.1 .02 .0078.00 0 0.079 .02 .0079.00 0 0.158 .01 .0080.00 0 0.184 .04 .0081.00 0 0.109 .04 .0082.00 0 0.281 .01 .0083.00 0 0.312 .04 .0084.00 0 0.322 .06 .0085.00 0 0.168 .28 1.0086.00 0 0.104 .04 .0087.00 0 0.195 .04 .0088.00 0 0.232 .08 .0089.00 0 0.179 .01 .0090.00 0 0.073 .11 .0091.00 0 0.229 .02 .0092.00 0 0.383 .10 .0093.00 0 0.185 .01 .0094.00 0 0.15 .06 .0095.00 0 0.204 .10 .0096.00 0 0.271 .06 .0097.00 0 0.065 .22 1.0098.00 0 0.088 .01 .0099.00 0 0.326 .26 1.00100.00 0 0.077 .01 .00101.00 0 0.155 .04 .00102.00 0 0.09 .08 .00103.00 0 0.208 .00 .00104.00 0 0.034 .16 .00105.00 0 0.12 .01 .00106.00 0 0.1082 .08 .00107.00 0 0.221 .01 .00108.00 0 0.147 .28 1.00109.00 0 0.126 .04 .00110.00 0 0.1821 .02 .00111.00 0 0.302 .05 .00112.00 0 0.116 .25 1.00113.00 0 0.098 .01 .00114.00 0 0.162 .08 .00
115.00 0 0.193 .11 .00
116.00 0 0.062 .06 .00
117.00 0 0.2 .01 .00
118.00 0 0.159 .07 .00119.00 0 0.152 .06 .00120.00 0 0.131 .02 .00121.00 0 0.056 .01 .00122.00 0 0.079 .04 .00
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123.00 0 0.084 .01 .00124.00 0 0.086 .10 .00125.00 0 .126 .00 .00126.00 0 0.17 .05 .00127.00 0 0.002 .04 .00128.00 0 0.214 .12 .00129.00 0 0.2 .03 .00Sample number H.pylori result OD IgG H.pylori 00 IgG CagA CaA result130.00 0 0.238 .06 .00131.00 0 0.341 .08 1.00132.00 0 0.069 .01 .00133.00 0 0.064 .85 1.00134.00 0 0.309 .01 .00135.00 0 0.156 .03 .00136.00 0 0.143 .05 .00137.00 0 .04 .00138.00 0 0.159 .02 .00139.00 0 0.144 .02 .00140.00 0 0.123 .11 .00141.00 0 0.174 .07 .00142.00 0 0.201 .04 .00143.00 0 0.108 .00 .00144.00 0 0.296 .00145.00 0 0.168 .08 .00146.00 0 0.127 .48 1.00147.00 0 0.115 .01 .00148.00 0 0.062 .34 1.00149.00 0 0.16 .12 .00150.00 0 0.211 .01 .00151.00 0 0.118 .14 .00152.00 0 0.303 .06 .00153.00 0 0.161 .08 .00154.00 0 0.256 .03 .00155.00 0 0.083 .02 .00156.00 0 0.131 .05 .00157.00 0 0.178 .04 .00158.00 0 0.034 .01 .00159.00 0 0.004 .02 .00160.00 0 0.092 .06 .00161.00 0 0.382 .41 1.00162.00 0 0.212 .05 .00163.00 0 0.035 .12 .00164.00 0 0.139 .00 .00165.00 0 0.09 .12 .00166.00 0 0.17 .34 .00167.00 0 0.07 .04 .00168.00 0 0.266 .07 .00169.00 0 0.119 .03 .00170.00 0 0.076 .30 .00171.00 0 0.06 .00172.00 0 0.167 .08 .00173.00 0 0.104 .01 .00174.00 0 0.288 .02 .00175.00 0 0.06 .05 .00176.00 0 .02 .00177.00 0 0.101 .03 .00178.00 0 0.182 .05 .00179.00 0 0.149 .04 .00180.00 0 0.122 .20 .00181.00 0 0.074 .69 1.00182.00 0 0.142 .00 .00183.00 0 0.131 .03 .00184.00 0 0.005 .09 .00185.00 0 0.12 .03 .00186.00 0 0.181 .01 .00187.00 0 0.105 .01 .00188.00 0 0.271 .02 .00189.00 0 0.089 .03 .00
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190.00 0 0.132 .13 .00191.00 0 0.203 .00 .00192.00 0 0.197 .52 1.00193.00 0 0.319 .01 .00194.00 0 0.064 .01 .00Sample number H.pylori result OD IgG H.pylori OD IgG CagA CagA result195.00 0 0.093 .00 .00196.00 0 0.231 .02 .00197.00 0 0.268 .01 .00198.00 0 0.211 .23 1.00199.00 0 0.373 .01 .00200.00 0 0.213 .09 .00201.00 0 0.02 .34 1.00202.00 0 .06 .00203.00 0 0.172 .02 .00204.00 0 0.344 .05 .00205.00 0 0.051 .40 .00206.00 0 0.312 .18 .00207.00 0 0.132 .11 .00208.00 0 0.193 .06 .00209.00 0 0.203 .02 .00210.00 0 0.2 .07 .00211.00 0 0.2 .14 .00212.00 0 0.062 .26 1.00213.00 0 0.089 .01 .00214.00 0 0.137 .11 .00215.00 0 0.084 .03 .00216.00 0 0.188 .06 .00217.00 0 0.071 .02 .00218.00 0 0.173 .04 .00219.00 0 0.124 .30 .00220.00 0 0.141 .00 .00221.00 0 0.118 .02 .00222.00 0 0.12 .02 .00223.00 0 0.108 .02 .00224.00 0 0.115 .06 .00225.00 0 0.114 .15 .00226.00 0 0.235 .06 .00227.00 0 0.065 .05 .00228.00 0 0.296 .00 .00229.00 0 0.041 .00 .00230.00 0 0.287 .02 .00231.00 0 0.265 .05 .00232.00 0 0.042 .18 .00233.00 0 0.162 .01 .00234.00 0 0.062 .30 .00235.00 0 0.27 .01 .00236.00 0 .04 .00237.00 0 0.14 .14 .00238.00 0 0.297 .01 .00239.00 0 0.091 .00 .00240.00 0 0.088 .01 .00241.00 0 0.149 .04 .00242.00 0 0.257 .01 .00243.00 0 0.132 .01 .00244.00 0 0.003 .09 .00245.00 0 0.172 .03 .00246.00 0 0.275 .02 .00247.00 0 0.324 .07 .00248.00 0 0.115 .01 .00249.00 0 0.179 .01 .00250.00 0 0.295 .09 .00251.00 0 0.165 .03 .00252.00 0 0.109 .13 .00253.00 0 0.146 .40 .00254.00 0 0.173 .01 .00255.00 0 0.238 .03 .00256.00 0 0.3 .08 .00
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257.00 0 0.289 .03 .00258.00 0 0.1 .01 .00259.00 0 0.068 .02 .00
Sample number H. pylori result OD IgG H. pylori OD IgG CagA CagA result260.00 0 0.19 .01 .00261.00 0 0.075 .02 .00262.00 0 0.062 .01 .00263.00 0 0.98 .00264.00 0 0.067 .07 .00265.00 0 0.18 .00 .00266.00 0 0.33 .12 .00267.00 0 0.226 .02 .00268.00 0 0.157 .01 .00269.00 0 0.056 .57 1.00270.00 0 0.18 .27 1.00271.00 0 0.049 .04 .00272.00 0 0.112 .45 .00273.00 0 .08 .00274.00 0 0.344 .05 .00275.00 0 0.048 .01 .00276.00 0 0.225 .00 .00277.00 0 0.162 .02 .00278.00 0 0.037 .02 .00279.00 0 0.283 .08 .00280.00 0 0.166 .01 .00281.00 0 0.18 .02 .00282.00 0 0.208 .08 .00283.00 0 0.29 .01 .00284.00 0 0.104 .01 .00285.00 0 0.305 .01 .00286.00 0 0.156 .02 .00287.00 0 0.371 .04 .00288.00 0 0.2476 .40 .00289.00 0 0.113 .02 .00290.00 0 0.143 .06 .00291.00 0 0.144 .37 1.00292.00 0 0.128 .02 .00293.00 0 0.145 .07 .00294.00 0 0.072 .45 .00295.00 0 0.326 .11 .00296.00 0 0.231 .01 .00297.00 0 0.053 .03 .00298.00 0 0.179 .07 .00299.00 0 0.124 .01 .00300.00 0 0.083 .02 .00301.00 0 0.219 .25 1.00302.00 0 0.212 .01 .00303.00 0 0.111 .23 .00304.00 0 0.07 .02 .00305.00 0 0.138 .03 .00306.00 0 0.288 .14 .00307.00 0 0.157 .01 .00308.00 0 0.062 .04 .00309.00 0 0.169 .00 .00310.00 0 0.313 .01 .00311.00 0 0.197 .02 .00312.00 0 0.09 .01 .00313.00 0 0.028 .05 .00314.00 0 0.053 .01 .00315.00 0 0.096 .04 .00316.00 0 0.104 .00 .00317.00 0 0.028 .01 .00318.00 0 0.215 .02 .00319.00 0 .05 .00320.00 0 0.165 .11 .00321.00 0 0.307 .04 .00322.00 0 0.196 .17 .00323.00 1 0.369 .00 .00
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324.00 1 0.423 .03 .00Sample number H. pylori result OD IgG H. pylori OD IgG CagA CagA result325.00 1 0.915 .05 .00326.00 1 0.519 .07 .00327.00 1 0.524 .01 .00328.00 1 0.728 .02 .00329.00 1 0.543 .21 .00330.00 1 0.452 .00 .00331.00 1 0.526 .05 .00332.00 1 0.535 .04 .00333.00 1 0.353 .00 .00334.00 1 0.743 .01 .00335.00 1 1.049 .01 .00336.00 1 0.456 .00 .00337.00 1 0.388 .01 .00338.00 1 0.559 .20 1.00339.00 1 0.403 .09 .00340.00 1 1.122 .39 1.00341.00 1 0.544 .03 .00342.00 1 0.546 1.00343.00 1 0.415 .05 .00344.00 1 0.397 .13 .00345.00 1 0.486 .12 .00346.00 1 1.028 .01 .00347.00 1 0.412 .06 .00348.00 1 0.743 .01 .00349.00 1 0.734 .84 1.00350.00 1 0.376 .01 .00351.00 1 0.86 .14 .00352.00 1 0.496 .01 .00353.00 1 0.369 .06 .00354.00 1 0.344 .02 .00355.00 1 0.392 .01 .00356.00 1 0.757 .41 1.00357.00 1 0.479 .13 .00358.00 1 0.458 .22 1.00359.00 1 0.448 .02 .00
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Western blot results for H. pylori and or CagA positive serum -Sri Lanka
Sample 120 89 66 35 30 26 19 H .pylo ri CagA

kDa kDa kDa kDa kDa kDa kDa IgG IgG
UM134 .00 1.00 1.00 .00 1.00 1.00 .00 .00 1.00
UM107 .00 1.00 1.00 .00 1.00 .00 .00 .00 1.00
K63 1.00 .00 .00 .00 .00 .00 .00 .00 1.00NW63 1.00 1.00 .00 .00 .00 .00 1.00 .00 1.00
NW81 1.00 1.00 .00 1.00 .00 .00 .00 .00 1.00
Nw15 1.00 1.00 1.00 .00 .00 1.00 .00 .00 1.00
NW40 .00 1.00 .00 1.00 .00 1.00 .00 .00 1.00
Nw215 1.00 1.00 1.00 .00 .00 .00 1.00 .00 1.00
UM80 1.00 .00 .00 .00 .00 .00 .00 .00 1.00
UM26 .00 .00 .00 .00 .00 .00 1.00 .00 1.00
K7 .00 .00 1.00 .00 1.00 .00 .00 .00 1.00
UM38 .00 1.00 1.00 .00 .00 .00 .00 1.00 .00
W38 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 .00
UM90 1.00 1.00 1.00 .00 .00 .00 .00 1.00 .00
UM72 .00 1.00 1.00 .00 1.00 1.00 1.00 1.00 1.00
UM81 1.00 1.00 1.00 .00 1.00 1.00 1.00 1.00 1.00
UM93 .00 1.00 1.00 .00 .00 .00 1.00 1.00 .00
NW103 .00 1.00 1.00 .00 .00 .00 1.00 1.00 .00
NW95 1.00 1.00 1.00 .00 1.00 .00 .00 1.00 .00
NW174 .00 1.00 .00 1.00 .00 1.00 1.00 1.00 .00
NW102 .00 .00 1.00 .00 1.00 .00 .00 1.00 .00
NW112 1.00 1.00 1.00 .00 .00 .00 1.00 1.00 .00
NW68 .00 1.00 1.00 1.00 .00 .00 1.00 1.00 .00
NW154 1.00 1.00 1.00 .00 .00 .00 .00 1.00 .00
NW1 .00 1.00 1.00 1.00 .00 .00 1.00 1.00 1.00
K52 1.00 1.00 1.00 .00 .00 .00 1.00 1.00 .00
ST36 .00 1.00 1.00 .00 .00 .00 1.00 1.00 .00
ST 102 1.00 1.00 1.00 .00 .00 .00 .00 1.00 .00
ST71 1.00 1.00 1.00 .00 .00 .00 .00 1.00 .00
NW213 .00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 .00
NW141 1.00 1.00 1.00 .00 1.00 .00 .00 1.00 .00
NW75 1.00 1.00 1.00 .00 1.00 1.00 .00 1.00 .00
NW142 1.00 1.00 1.00 1.00 1.00 .00 .00 1.00 .00
NW25 1.00 1.00 1.00 .00 .00 .00 1.00 1.00 .00
NW167 1.00 1.00 1.00 1.00 .00 .00 1.00 1,00 .00
K41 .00 1.00 1.00 1.00 1.00 .00 .00 1.00 .00
K92 1.00 1.00 1.00 .00 .00 .00 1.00 1.00 1.00
N251 .00 1.00 1.00 .00 .00 .00 1.00 1,00 .00
ST8 .00 1.00 1.00 1.00 1.00 .00 1.00 1.00 .00
K66 1.00 1.00 .00 .00 1.00 .00 .00 1.00 1.00
K35 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
K89 .00 1.00 .00 .00 .00 1.00 .00 1.00 .00
M61 1.00 1.00 1.00 .00 1.00 1.00 1.00 1.00 .00
W36 .00 1.00 1.00 .00 1.00 1.00 1.00 1.00 .00
W9 .00 1.00 1.00 .00 .00 .00 1.00 1.00 1.00
ST66 1.00 1.00 1.00 1.00 .00 .00 1.00 1.00 .00
N138 .00 1.00 1.00 .00 .00 .00 1.00 1.00 .00
UM93 .00 .00 .00 .00 .00 .00 .00 1.00 .00
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Data for H. pylori (IgGj, CagA, urease, LPS and western blot results for Africa

Patient OD result OD OD OD 120 89 66 35 26 19NO H.pylori Cag A LPS urease kDa kDa kDa kDa kDa kDa
2001.00 .36 1.00 .84 .17 .80 .00 .00 .00 .00 .00 .00
2002.00 .41 1.00 .87 .49 .97 1.00 .00 .00 .00 1.00 1.00
2003.00 .37 1.00 .66 .36 .96 .00 .00 1.00 1.00 1.00 1.00
2005.00 .48 1.00 .02 1.04 .95 .00 1.00 1.00 1.00 1.00 .00
2006.00 .46 1.00 .71 .15 1.02 1.00 1.00 1.00 1.00 1.00 1.00
2008.00 .32 1.00 .07 .27 .88 1.00 1.00 1.00 1.00 .00 .00
2009.00 .40 1.00 .54 .22 .99 1.00 .00 1.00 1.00 1.00 1.00
2010.00 .44 1.00 .70 .37 .89 1.00 .00 1.00 1.00 1.00 1.00
2011.00 .45 1.00 .08 .17 .83 .00 .00 1.00 1.00 .00 .00
2012.00 .55 1.00 .42 .45 .95 1.00 1.00 1.00 1.00 1.00 1.00
2015.00 .23 .00 .34 .23 .23 .00 .00 .00 .00 .00 .00
2016.00 .32 1.00 .41 .38 .85 1.00 1.00 1.00 1.00 .00 .00
2017.00 .71 1.00 .77 .28 .90 1.00 1.00 1.00 1.00 1.00 .00
2018.00 .37 1.00 .06 .12 1.03 .00 1.00 1.00 1.00 1.00 1.00
2019.00 .75 1.00 .07 .71 .96 .00 1.00 1.00 1.00 1.00 .00
2020.00 .47 1.00 .63 .18 .62 1.00 1.00 1.00 .00 .00 .00
2021.00 .35 1.00 .16 .52 .06 .00 .00 .00 .00 .00 .00
2022.00 .32 1.00 .50 .21 .10 1.00 1.00 1.00 1.00 1.00 1.00
2023.00 .29 .00 .08 .42 .12 .00 .00 .00 .00 .00 .00
2024.00 .37 1.00 .45 .53 .90 1.00 1.00 1.00 1.00 .00 .00
2026.00 .40 1.00 .17 .47 .95 .00 1.00 1.00 1.00 1.00 1.00
2027.00 .38 1.00 .01 .32 .98 .00 1.00 1.00 .00 .00 .00
2028.00 .41 1.00 .76 .48 .93 1.00 .00 .00 .00 .00 .00
2029.00 .45 1.00 .40 .37 .79 1.00 1.00 1.00 1.00 1.00 1.00
2030.00 .34 1.00 .66 .61 .85 1.00 .00 .00 .00 .00 .00
2031.00 .02 .00 .11 .02 .30 .00 .00 .00 .00 .00 .00
2032.00 .23 .00 .24 .46 .20 .00 .00 .00 .00 .00 .00
2033.00 .32 1.00 .72 .18 .82 1.00 1.00 1.00 1.00 .00 .00
2034.00 .49 1.00 .46 .61 .50 1.00 1.00 1.00 1.00 1.00 1.00
2035.00 .42 1.00 .43 .50 .96 1.00 1.00 1.00 1.00 1.00 1.00
2037.00 .41 1.00 .56 .12 .97 1.00 1.00 1.00 1.00 1.00 1.00
2040.00 .37 1.00 .10 .04 .50 .00 .00 .00 .00 .00 .00
2043.00 .43 1.00 .68 .66 .98 1.00 1.00 1.00 1.00 1.00 1.00
2044.00 .43 1.00 .19 .73 .36 1.00 1.00 1.00 1.00 1.00 1.00
2045.00 .51 1.00 .60 .06 .96 1.00 1.00 1.00 1.00 1.00 1.00
2046.00 .45 1.00 .61 .26 .76 1.00 1.00 1.00 .00 .00 .00
2047.00 .45 1.00 .05 .78 .90 .00 .00 .00 .00 .00 .00
2048.00 .46 1.00 .72 .40 .95 1.00 1.00 1.00 1.00 1.00 1.00
2050.00 .38 1.00 .53 .60 .25 .00 .00 1.00 .00 .00 .00
2052.00 .37 1.00 .52 .55 .81 .00 1.00 1.00 .00 .00 .00
2053.00 .50 1.00 .86 .28 .27 1.00 1.00 1.00 .00 1.00 1.00
2054.00 .42 1.00 .74 .36 .82 1.00 1.00 1.00 1.00 1.00 1.00
2056.00 .34 1.00 .30 .22 .86 1.00 1.00 1.00 1.00 1.00 1.00
2057.00 .38 1.00 .61 .27 .73 .00 1.00 1.00 1.00 1.00 1.00
2058.00 .23 .00 .30 .07 .27 .00 .00 .00 .00 .00 .00
2059.00 .49 1.00 .53 .02 .14 1.00 1.00 .00 1.00 1.00 .00
2060.00 .51 1.00 .67 .50 .82 1.00 1.00 1.00 1.00 1.00 1.00
2061.00 .47 1.00 .66 .87 .23 .00 .00 .00 .00 .00 .00
2062.00 .40 1.00 .59 .36 .18 1.00 .00 .00 1.00 .00 .00
2063.00 .51 1.00 .38 .54 .90 .00 1.00 .00 1.00 1.00 1.00
2064.00 .42 1.00 .55 .56 .50 .00 1.00 1.00 1.00 1.00 1.00
2065.00 .25 .00 .11 .35 .28 .00 .00 .00 .00 .00 .00
2066.00 .43 1.00 .30 .44 .92 1.00 1.00 1.00 1.00 1.00 1.00
2067.00 .36 1.00 .74 .35 .21 1.00 1.00 1.00 .00 .00 1.00
2068.00 .43 1.00 .45 .57 .27 .00 .00 .00 1.00 1.00 .00
2070.00 .71 1.00 .03 .29 .53 .00 1.00 1.00 .00 .00 .00
2071.00 .47 1.00 .28 .04 .97 1.00 1.00 1.00 .00 .00 1.00
2072.00 .31 1.00 .04 .48 .30 .00 1.00 1.00 1.00 1.00 1.00
2074.00 .49 1.00 .03 .37 .87 .00 1.00 1.00 .00 .00 .00
2075.00 .48 1.00 .39 .50 .99 1.00 1.00 1.00 1.00 1.00 1.00
2076.00 .44 1.00 .60 .76 .17 1.00 1.00 1.00 1.00 1.00 1.00
2077.00 .43 1.00 .01 .51 1.00 1.00 1.00 1.00 1.00 1.00 1.00
2078.00 .23 .00 .66 .69 .62 .00 .00 .00 .00 .00 .00
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2079.00 .46 1.00 .46 .44 .89 1.00 1.00 .00 .00 1.00 .00
2080.00 .44 1.00 .84 .55 .90 .00 .00 1.00 .00 1.00 .00
2081.00 .37 1.00 .62 .26 .20 1.00 1.00 1.00 1.00 1.00 1.00
2082.00 .79 1.00 .54 .35 1.03 .00 1.00 1.00 1.00 1.00 1.00
2083.00 .73 1.00 .71 .33 .06 .00 1.00 .00 1.00 1.00 1.00
Patient OD result OD OD OD 120 89 66 35 26 19
NO H.pylori Cag A LPS urease kDa kDa kDa kDa kDa kDa

2084.00 .76 1.00 .79 .17 1.00 1.00 .00 1.00 .00 1.00 .00
2085.00 .80 1.00 .53 .36 .11 1.00 1.00 1.00 1.00 1.00 1.00
2086.00 .75 1.00 .07 .15 .99 1.00 1.00 1.00 1.00 1.00 1.00
2087.00 .56 1.00 .72 .38 .96 .00 1.00 1.00 1.00 1.00 .00
2089.00 .81 1.00 .11 .22 .98 .00 .00 1.00 1.00 1.00 1.00
2090.00 .77 1.00 .14 .30 1.02 .00 1.00 1.00 1.00 1.00 1.00
2092.00 .77 1.00 .70 .35 .21 1.00 1.00 .00 1.00 1.00 .00
2093.00 .73 1.00 .65 .13 1.03 1.00 1.00 1.00 1.00 1.00 1.00
2097.00 .74 1.00 .60 .38 1.00 1.00 1.00 1.00 1.00 1.00 .00
2100.00 .35 1.00 .88 .33 .97 1.00 1.00 1.00 1.00 1.00 1.00
2102.00 .34 1.00 .18 .79 .90 1.00 1.00 1.00 1.00 1.00 .00
2103.00 .34 1.00 .20 .56 .79 .00 .00 .00 1.00 1.00 1.00
2104.00 .28 .00 .66 .02 .23 .00 .00 .00 .00 .00 .00
2106.00 .21 .00 .25 .07 .23 .00 .00 .00 .00 .00 .00
2108.00 .38 1.00 .72 .49 .55 .00 1.00 .00 1.00 1.00 1.00
2109.00 .88 1.00 .60 .40 .82 1.00 1.00 1.00 1.00 1.00 1.00
2110.00 .31 1.00 .26 .33 .50 1.00 1.00 .00 1.00 1.00 .00
2111.00 .26 .00 .87 .67 .89 .00 .00 .00 .00 .00 .00
2112.00 .34 1.00 .99 .45 .98 1.00 1.00 .00 1.00 1.00 .00
2113.00 .26 .00 .38 .38 .90 1.00 1.00 1.00 1.00 1.00 1.00
2114.00 .26 .00 .91 .07 .55 1.00 1.00 .00 1.00 1.00 1.00
2115.00 .43 1.00 .74 .39 .90 1.00 1.00 1.00 1.00 1.00 1.00
2116.00 .50 1.00 .85 .48 .79 1.00 1.00 1.00 1.00 1.00 1.00
2117.00 .23 .00 .67 .14 .26 .00 .00 .00 .00 .00 .00
2119.00 .17 .00 .10 .60 .10 .00 .00 .00 .00 .00 .00
2122.00 .26 .00 .64 .34 .45 .00 .00 .00 .00 .00 .00
2123.00 .17 .00 .23 .03 .10 .00 .00 .00 .00 .00 .00
2126.00 .40 1.00 .78 .30 .80 1.00 1.00 1.00 1.00 1.00 1.00
2127.00 .47 1.00 .75 .44 .95 1.00 1.00 1.00 1.00 1.00 .00
2128.00 .66 1.00 .86 .09 .84 .00 .00 .00 .00 .00 .00
2129.00 .40 1.00 .80 1.09 .90 1.00 1.00 1.00 1.00 1.00 1.00
2130.00 .40 1.00 .21 .32 .98 1.00 1.00 1.00 1.00 1.00 1.00
2131.00 .45 1.00 .79 .33 .98 1.00 1.00 1.00 1.00 1.00 1.00
2132.00 .41 1.00 .82 .67 .94 1.00 1.00 1.00 1.00 1.00 1.00
2133.00 .31 1.00 .00 .15 .20 .00 .00 .00 .00 .00 .00
2134.00 .40 1.00 .78 .55 .99 1.00 1.00 .00 1.00 1.00 1.00
2135.00 .39 1.00 .30 .39 .44 .00 .00 .00 .00 .00 .00
2136.00 .37 1.00 .20 .23 .20 .00 .00 .00 .00 .00 .00
2137.00 .39 1.00 .69 .61 .78 1.00 1.00 .00 1.00 1.00 1.00
2138.00 .35 1.00 .68 .39 .74 1.00 1.00 1.00 .00 1.00 1.00
2140.00 .36 1.00 .12 .72 .34 .00 .00 1.00 .00 .00 .00
2142.00 .41 1.00 .93 .18 .96 1.00 1.00 1.00 1.00 1.00 1.00
2144.00 .45 1.00 .47 .60 .56 1.00 1.00 1.00 .00 1.00 1.00
2145.00 .30 1.00 .73 .26 .12 1.00 .00 1.00 1.00 1.00 1.00
2146.00 .44 1.00 .72 .69 .29 1.00 1.00 1.00 1.00 1.00 1.00
2147.00 .35 1.00 .75 .59 .85 1.00 1.00 1.00 .00 1.00 1.00
2148.00 .37 1.00 2.00 .21 .20 .00 .00 .00 .00 .00 .00
2149.00 .29 .00 .20 .28 .20 .00 .00 .00 .00 .00 .00
2152.00 .23 .00 .82 .47 .10 .00 .00 .00 .00 .00 .00
2153.00 .23 .00 .53 .22 .13 .00 .00 1.00 1.00 1.00 1.00
2154.00 .29 .00 .85 .04 2.00 .00 .00 .00 .00 .00 .00
2155.00 .23 .00 .13 .20 .20 .00 .00 .00 .00 .00 .00
2156.00 .31 1.00 .62 .40 .19 1.00 1.00 1.00 1.00 .00 1.00
2157.00 .37 1.00 .26 .28 .30 1.00 1.00 1.00 .00 .00 .00
2159.00 .41 1.00 .75 .34 .90 1.00 1.00 1.00 1.00 1.00 1.00
2160.00 .40 1.00 .56 .42 .70 1.00 1.00 1.00 1.00 1.00 1.00
2161.00 .44 1.00 .78 .45 .91 1.00 1.00 1.00 1.00 1.00 1.00
2162.00 .39 1.00 .89 .04 .91 1.00 .00 1.00 1.00 1.00 .00
2163.00 .29 1.00 .82 .28 .73 1.00 1.00 1.00 1.00 1.00 1.00
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2164.00 .51 1.00 .59 .55 .84 1.00 1.00 1.00 1.00 1.00 1.00
2166.00 .70 1.00 .79 .67 .82 1.00 1.00 1.00 1.00 1.00 1.00
2167.00 .77 1.00 .19 .21 .90 .00 1.00 1.00 1.00 1.00 1.00
2168.00 .67 1.00 .08 .40 .93 .00 1.00 1.00 1.00 1.00 .00
2169.00 .40 1.00 .78 .39 .87 1.00 1.00 .00 1.00 1.00 1.00
2171.00 .66 1.00 .44 .05 .82 .00 1.00 .00 1.00 .00 .00
2172.00 .40 1.00 .36 .69 .85 1.00 .00 1.00 1.00 .00 .00
Patient OD result OD OD OD 120 89 66 35 26 19
NO H.pylori Cag A LPS urease kDa kDa kDa kDa kDa kDa

2174,00 .50 1.00 .61 .25 .35 1.00 1.00 1.00 .00 1.00 1.00
2175.00 .50 1.00 .58 .38 .30 1.00 1.00 1.00 1.00 1.00 1.00
2176.00 .42 1.00 .91 .36 .29 1.00 1.00 1.00 1.00 1.00 .00
2177.00 .42 1.00 .83 .17 .98 1.00 1.00 1.00 .00 1.00 1.00
2178.00 .32 1.00 .83 .33 .95 1.00 .00 1.00 1.00 1.00 1.00
2179.00 .23 .00 .20 .41 .38 .00 .00 .00 .00 .00 .00
2180.00 .42 1.00 .78 .55 .82 1.00 1.00 1.00 1.00 .00 .00
2181.00 .66 1.00 .72 .39 .89 1.00 1.00 1.00 .00 .00 .00
2182.00 .72 1.00 .01 .01 .10 .00 .00 .00 .00 .00 .00
2184.00 .74 1.00 .06 .11 .92 .00 .00 .00 .00 .00 .00
2185.00 .71 1.00 .20 .32 .75 1.00 1.00 1.00 1.00 1.00 1.00
2187.00 .65 1.00 .06 .34 .90 1.00 1.00 1.00 1.00 .00 .00
2190.00 .73 1.00 .22 .20 .80 1.00 .00 1.00 1.00 1.00 .00
2191.00 .65 1.00 .14 .31 .25 1.00 1.00 1.00 1.00 .00 1.00
2192.00 .71 1.00 .54 ,20 .98 1.00 1.00 1.00 1.00 1.00 1.00
2193.00 .68 1.00 .61 .05 .14 .00 1.00 1.00 1.00 1.00 1.00
2194.00 .77 1.00 .71 .35 .93 .00 1.00 1.00 1.00 1.00 1.00
2195.00 .77 1.00 .27 .20 1.03 1.00 1.00 1.00 1.00 1.00 1.00
2196.00 .84 1.00 .77 .35 .22 .00 1.00 .00 1.00 1.00 .00
2198.00 .82 1.00 .66 .47 1.06 .00 1.00 .00 1.00 1.00 .00
2199.00 .42 1.00 .88 .40 .94 1.00 1.00 1.00 1.00 1.00 1.00
2201.00 .44 1.00 .13 .42 .98 1.00 1.00 1.00 1.00 .00 .00
2202.00 .11 .00 .20 .53 .23 .00 .00 .00 .00 .00 .00
2205.00 .11 .00 .74 .37 .87 1.00 1.00 1.00 1.00 1.00 1.00
2206.00 .24 .00 .30 1.03 .17 .00 .00 .00 .00 .00 .00
2207.00 .29 .00 .30 .31 .30 .00 .00 1.00 .00 .00 .00
2208.00 .47 1.00 .45 1.10 .90 1.00 1.00 1.00 1.00 1.00 1.00
2209.00 .37 1.00 .69 .34 .30 .00 1.00 .00 1.00 .00 .00
2210.00 .68 1.00 .01 .02 .62 1.00 1.00 1.00 1.00 .00 .00
2212.00 .08 .00 .20 .36 .23 .00 .00 .00 .00 .00 .00
2213.00 .56 1.00 .20 .55 .99 1.00 1.00 1.00 .00 1.00 .00
2214.30 .30 1.00 .74 1.27 .60 1.00 1.00 1.00 1.00 1.00 1.00
2215.00 .27 .00 .37 .82 .20 .00 .00 .00 .00 .00 .00
2216.00 .22 .00 .40 1.03 .40 .00 .00 .00 .00 .00 .00
2217.00 .24 .00 .40 1.10 .23 .00 .00 .00 .00 .00 .00
2220.00 .37 1.00 .75 .06 .30 .00 .00 .00 .00 .00 .00
2221.00 .17 .00 .18 .29 .12 .00 .00 .00 .00 .00 .00
2222.00 .33 1.00 .72 .40 .35 1.00 1.00 1.00 1.00 1.00 .00
2225.00 .46 1.00 .40 .30 .80 .00 .00 .00 1.00 1.00 1.00
2227.00 .28 .00 .20 .13 .23 .00 1.00 .00 1.00 .00 .00
2230.00 .29 .00 .40 .07 .45 .00 .00 .00 .00 .00 .00
2231.00 .49 1.00 .20 .53 .50 .00 .00 1.00 1.00 .00 .00
2232.00 .36 1.00 .73 .76 .50 1.00 1.00 1.00 1.00 1.00 1.00
2233.00 .27 .00 .61 .24 .23 .00 1.00 1.00 .00 .00 .00
2235.00 .43 1.00 .17 .63 .89 1.00 1.00 1.00 1.00 1.00 1.00
2236.00 .22 .00 .27 .25 .34 .00 .00 .00 .00 .00 .00
2237.00 .33 1.00 .42 .50 .83 .00 1.00 1.00 1.00 1.00 1.00
2238.00 .39 1.00 .90 .83 .29 1.00 1.00 1.00 1.00 1.00 1.00
2239.00 .01 .00 .30 .40 .25 .00 .00 .00 1.00 1.00 .00
2241.00 .52 1.00 .77 .14 .76 1.00 1.00 1.00 1.00 1.00 1.00
2242.00 .25 .00 .62 .45 .39 1.00 1.00 1.00 1.00 1.00 .00
2243.00 .22 .00 .20 .07 .23 .00 .00 .00 .00 .00 .00
2244.00 .39 1.00 .10 .02 .90 .00 1.00 .00 1.00 .00 .00
2245.00 .40 1.00 .27 .59 .91 1.00 1.00 .00 .00 .00 .00
2246.00 .45 1.00 .90 .46 .02 1.00 1.00 1.00 1.00 1.00 1.00
2247.00 .49 1.00 .58 .30 .97 1.00 1.00 .00 .00 1.00 1.00
2248.00 .34 1.00 .55 .64 .94 1.00 1.00 .00 1.00 1.00 1.00
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2249.00 .45 1.00 .20 .80 .98 .00 1.00 1.00 1.00 1.00 1.00
2250.00 .60 1.00 .78 .13 .28 1.00 1.00 1.00 1.00 1.00 1.00
2251.00 .37 1.00 7.00 .27 .86 1.00 1.00 .00 1.00 .00 .00
2252.00 .27 .00 .24 .28 .25 .00 .00 .00 .00 .00 .00
2253.00 .51 1.00 .70 1.10 .92 .00 1.00 .00 1.00 1.00 1.00
2254.00 .20 .00 .21 1.30 .12 .00 .00 .00 .00 .00 .00
2255.00 .54 1.00 .64 .11 .85 1.00 1.00 .00 1.00 .00 .00
2256.00 .44 1.00 .30 .62 .91 1.00 1.00 .00 1.00 1.00 1.00
2257.00 .47 1.00 .28 .66 .92 1.00 1.00 .00 1.00 1.00 1.00
Patient OD result OD OD OD 120 89 66 35 26 19
NO H.pylori CagA LPS urease kDa kDa kDa kDa kDa kDa

2258.00 .43 1.00 .20 .48 .86 1.00 1.00 1.00 1.00 1.00 1.00
2259.00 .37 1.00 .59 .22 .71 .00 1.00 .00 1.00 .00 .00
2260.00 .31 1.00 .66 .55 .90 .00 1.00 1.00 1.00 1.00 .00
2261.00 .40 1.00 .71 .10 .35 .00 .00 .00 .00 .00 .00
2262.00 .35 1.00 .55 .64 .50 1.00 1.00 .00 1.00 1.00 .00
2263.00 .30 1.00 .67 .90 .33 .00 1.00 .00 1.00 .00 .00
2264.00 .35 1.00 .84 .02 .20 .00 .00 .00 .00 .00 .00
2265.00 .47 1.00 .44 .28 .96 .00 1.00 .00 1.00 .00 .00
2266.00 .43 1.00 .18 .30 .94 1.00 1.00 1.00 1.00 1.00 1.00
2267.00 .38 1.00 .70 .33 .90 1.00 1.00 .00 1.00 .00 1.00
2268.00 .37 1.00 .60 .19 .86 1.00 1.00 1.00 1.00 1.00 1.00
2269.00 .20 .00 .69 1.41 .16 .00 .00 .00 .00 .00 .00
2270.00 .28 .00 .23 1.05 .20 .00 .00 .00 .00 .00 .00
2271.00 .48 1.00 .65 .58 .94 .00 1.00 .00 1.00 .00 .00
2272.00 .06 .00 .13 .28 .92 .00 .00 .00 .00 .00 .00
2273.00 .35 1.00 .01 .03 .84 .00 .00 1.00 .00 .00 .00
2274.00 .40 1.00 .78 .46 .93 .00 .00 .00 .00 .00 .00
2275.00 .48 1.00 .76 .25 .90 1.00 1.00 .00 1.00 1.00 1.00
2276.00 .51 1.00 .17 .45 .24 1.00 1.00 1.00 1.00 1.00 1.00
2277.00 .46 1.00 .48 .60 .96 1.00 1.00 1.00 1.00 1.00 .00
2278.00 .28 .00 .30 .75 .12 .00 .00 .00 .00 .00 .00
2279.00 .38 1.00 .61 1.02 .97 .00 1.00 .00 1.00 .00 .00
2280.00 .67 1.00 .74 .62 .92 1.00 1.00 1.00 1.00 1.00 1.00
2281.00 .39 1.00 .83 1.40 .91 1.00 1.00 1.00 .00 .00 .00
2282.00 .65 1.00 .75 .35 1.00 1.00 1.00 1.00 1.00 .00 .00
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Data for H. pylori (IgG), CagA, urease, LPS and Immunoblots in Italian 

children

Patient H.pylori 19
kDa

26.5
kDa

35
kDa

66
kDa

89
kDa

120
kDa

OD
urease

OD
CagA

OD
LPS

A5 1.00 .00 .00 .00 1.00 .00 .00 1.09 .14 .47
B1 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.15 .94 .54
B4 1.00 .00 1.00 .00 1.00 1.00 1.00 .85 .78 .30
C1 1.00 1.00 1.00 1.00 1.00 1.00 1.00 .03 .09 .23
C4 1.00 .00 1.00 1.00 1.00 1.00 .00 .04 .07 .57
C5 1.00 1.00 1.00 1.00 1.00 1.00 1.00 .58 .32 .48
08 1.00 1.00 1.00 1.00 1.00 1.00 1.00 .03 .95 .22
D4 1.00 1.00 1.00 1.00 1.00 1.00 1.00 .09 .92 .79
D5 1.00 .00 .00 1.00 1.00 1.00 1.00 .62 .08 .35
D7 1.00 .00 .00 1.00 1.00 1.00 .00 1.38 .11 .50
E2 1.00 1.00 1.00 .00 1.00 1.00 1.00 1.49 .37 .80
E5 1.00 .00 .00 1.00 1.00 .00 .00 .88 .22 .41
F1 1.00 1.00 10.00 .00 .00 1.00 1.00 .04 .24 .12
F2 .00 .00 .00 .00 .00 .00 .00 .62 .22 .75
F4 1.00 .00 .00 1.00 1.00 1.00 1.00 .74 .30
F9 1.00 .00 .00 .00 1.00 1.00 1.00 .99 .18 .27
G1 1.00 .00 .00 .00 1.00 1.00 1.00 1.13 .77 .14
G2 1.00 1.00 1.00 1.00 1.00 1.00 1.00 .02 .78 .42
G3 1.00 1.00 1.00 1.00 1.00 1.00 1.00 .60 .91 .39
G5 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.20 1.02 .80
H10 1.00 1.00 1.00 1.00 1.00 1.00 .00 .17 .94 .35
H3 1.00 1.00 1.00 1.00 1.00 1.00 1.00 .04 .13 .21
H6 1.00 1.00 .00 1.00 1.00 1.00 1.00 .04 1.06 .73
11 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.33 .97 .34
N1 1.00 .00 .00 1.00 1.00 1.00 1.00 .49 .09 .03
N10 .00 .00 .00 .00 .00 .00 .00 .47 .09 .06
Nil .00 .00 .00 .00 .00 .00 .00 .33 .19 .02
N12 .00 .00 .00 .00 .00 .00 .00 .43 .07 .08
N15 1.00 .00 .00 .00 .00 .00 .00 .35 .03 .11
N16 .00 .00 .00 .00 .00 .00 .00 .42 .11 .20
N17 .00 .00 .00 .00 .00 .00 .00 .58 .09 .11
NIB 1.00 .00 1.00 1.00 1.00 1.00 .00 .71 .82 .10
N19 .00 1.00 1.00 1.00 1.00 1.00 1.00 .56 .77 .07
N21 .00 1.00 1.00 1.00 1.00 1.00 1.00 .56 .00 .12
N22 1.00 .00 .00 .00 1.00 1.00 1.00 .76 .87 .20
N25 .00 1.00 1.00 1.00 1.00 1.00 1.00 .50 .09 .08
N26 .00 .00 .00 .00 .00 .00 .00 .37 .07 .07
N27 1.00 .00 1.00 1.00 1.00 .00 .00 .78 .11 .08
N28 1.00 .00 .00 1.00 1.00 .00 .00 .42 .05 .02
N29 1.00 .00 1.00 1.00 1.00 1.00 1.00 .53 .65 .09
N3 .00 .00 .00 .00 .00 .00 .00 .26 .04 .04
N30 1.00 .00 1.00 1.00 1.00 1.00 1.00 .59 .86 .06
N31 .00 .00 .00 .00 1.00 .00 .00 .23 .09 .11
N32 .00 .00 .00 .00 1.00 .00 .00 .59 .03 .03
N33 .00 .00 .00 .00 .00 .00 .00 .54 .11 .06
N35 .00 .00 .00 .00 .00 .00 .00 .31 .07 .19
N36 1.00 .00 .00 .00 1.00 1.00 .00 .56 .15 .07
N37 .00 .00 1.00 .00 1.00 .00 .00 .38 .08 .12
N38 .00 .00 .00 .00 .00 ,00 .00 .44 .11 .14
N39 .00 .00 .00 .00 .00 .00 .00 .12 .01 .04
N4 1.00 1.00 1.00 1.00 1.00 1.00 1.00 .55 .81 .16
N5 .00 .00 .00 .00 .00 .00 .00 .14 .09 .20
N6 .00 .00 .00 1.00 .00 .00 1.00 .38 .07 .15
N7 .00 .00 1.00 1.00 1.00 1.00 1.00 .49 .02 .06
N8 1.00 .00 .00 .00 .00 .00 .00 .19 .14 .05
N9 1.00 2.00 1.00 1.00 1.00 1.00 1.00 .63 1.02 .09
X 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.25 .92 .34
y 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.12 .82 .49
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A1 1.00 1.00 1.00 1.00 1.00 1.00 1.00 .03 .08 .84
A3 1.00 1.00 1.00 1.00 1.00 1.00 1.00 .61 .97 .49
B7 1.00 1.00 .00 1.00 1.00 1.00 1.00 .05 .88 .34
C10 1.00 1.00 1.00 1.00 1.00 1.00 1.00 .84 .82 .55
E4 1.00 1.00 1.00 1.00 1.00 1.00 1.00 .59 .93 .58
F7 1.00 1.00 1.00 1.00 1.00 1.00 1.00 .68 .27 .44
G8 1.00 .00 1.00 1.00 1.00 1.00 .00 .13 .50 .25
G9 1.00 1.00 1.00 1.00 1.00 1.00 .00 .04 .94 .62

Patient H.pylori 19 26.5 35 66 89 120 OD OD
kDa kDa kDa kDa kDa kDa urease CagA LPS

E10 1.00 1.00 1.00 1.00 1.00 1.00 .00 .65 .96 .60
E8 1.00 .00 .00 1.00 1.00 1.00 1.00 .70 .22 .05
A7 1.00 .00 .00 1.00 1.00 1.00 .00 .30 .21 .28
B3 1.00 .00 .00 1.00 1.00 1.00 1.00 1.17 .05 .41
B6 1.00 1.00 1.00 1.00 1.00 1.00 .00 .05 .60 .70
D8 1.00 1.00 1.00 1.00 1.00 1.00 1.00 .81 .15 .38
E7 1.00 .00 1.00 1.00 1.00 1.00 1.00 .03 .74 .01
G6 1.00 1.00 .00 1.00 1.00 1.00 .00 .30 .96 .60
H7 1.00 .00 .00 1.00 1.00 .00 1.00 .22 .06 .15
B8 1.00 .00 1.00 .00 1.00 1.00 .00 .32 .13 .49
D10 1.00 .00 1.00 .00 1.00 1.00 1.00 .03 .56 .04
D2 1.00 1.00 1.00 1.00 1.00 1.00 1.00 .99 .90 .28
El 1.00 1.00 1.00 1.00 1.00 1.00 .00 .03 .05 .02
E9 1.00 .00 .00 .00 1.00 1.00 1.00 .81 .99 .62
C3 1.00 1.00 .00 1.00 1.00 1.00 1.00 .34
C7 1.00 .00 1.00 1.00 1.00 1.00 .00 1.39 .19 .22
G4 1.00 1.00 1.00 1.00 1.00 1.00 1.00 .38 .67 .60
H1 1.00 1.00 1.00 1.00 1.00 1.00 1.00 .73 .14 .31
H8 1.00 1.00 1.00 1.00 1.00 1.00 1.00 .03 .92 .55
A9 1.00 1.00 1.00 1.00 1.00 1.00 1.00 .13 1.03 .31
B10 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.44 .92 .36
C2 1.00 1.00 1.00 1.00 1.00 1.00 1.00 .03 .92 .42
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Data for H. pylori (IgG), CagA, urease, LPS and Immunoblots in Italian 

adults

PatientNo 120kDa 89kDa 66kDa 35kDa 26.5kDa 19kDa H.pylori OD Cag A
ODLPS ODUrease

7.00 1.00 1.00 1.00 1.00 .00 .00 1.00 1.59 .35 .04
13.00 1.00 1.00 .00 1.00 1.00 1.00 1.00 .54 .27 .09
22.00 1.00 1.00 1.00 1.00 .00 1.00 1.00 .44 .14 .90
25.00 1.00 1.00 1.00 1.00 1.00 .00 1.00 1.38 .55 .70
57.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 .54 .36 .04
375.00 1.00 1.00 1.00 1.00 .00 .00 1.00 1.24 .34 .19
377.00 1.00 1.00 1.00 1.00 .00 .00 1.00 .53 .42 1.21
402.00 .00 1.00 1.00 1.00 .00 1.00 1.00 .18 .33 .56
405.00 .00 1.00 1.00 1.00 1.00 1.00 1.00 .38 .17 1.77
411.00 .00 1.00 1.00 1.00 1.00 1.00 1.00 .18 .45 .64
413.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 .43 .45 .36
416,00 .00 1.00 1.00 1.00 1.00 1.00 1.00 .60 .30 1.52
424.00 1.00 .00 1.00 1.00 1.00 1.00 1.00 .61 .30 1.58
425.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 .02 1.01 .07
426.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 .10 .59 .11
427.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.60 .43 .14
430.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 .48 .62 .20
431.00 .00 .00 1.00 1.00 1.00 .00 1.00 .02 .15 .09
432.00 .00 1.00 1.00 1.00 1.00 1.00 1.00 .28 .24 1.90
436.00 .00 1.00 1.00 1.00 1.00 1.00 1.00 .97 .24 .50
AG513 1.00 1.00 1.00 1.00 1.00 1.00 1.00 .76 .27 .88
GU105 1.00 1.00 1.00 1.00 1.00 1.00 1.00 .70 .55 .76
Du325 .00 1.00 1.00 1.00 1.00 1.00 1.00 .55 .95 .26
AG518 1.00 1.00 1.00 1.00 1.00 .00 1.00 .60 .19 .37
DU330 .00 1.00 1.00 1.00 1.00 .00 1.00 .52 1.20 .37
AG519 .00 .00 .00 1.00 1.00 1.00 1.00 .23 1.00 .18
AG660 1.00 1.00 1.00 1.00 1.00 1.00 1.00 .73 .69 .75
AGI 78 .00 1.00 1.00 1.00 1.00 1.00 1.00 .56 .51 .49
Au512 .00 1.00 1.00 1.00 1.00 1.00 1.00 .33 .13 .52
Au515 1.00 1.00 1.00 1.00 1.00 1.00 1.00 .87 .55 1.00
393.00 1.00 1.00 1.00 .00 1.00 1.00 1.00 1.12 1.54 .93
395.00 .00 .00 .00 .00 1.00 .00 1.00 .68 .33 1.30
DU 336 1.00 1.00 1.00 .00 1.00 1.00 1.00 .76 1.23 .67
AG517 .00 .00 .00 .00 1.00 .00 1.00 .73 .72 1.00
30.00 .00 .34 .27 .45
35.00 .00 .34 .50 .09
14.00 1.00 .39 .06 .60
15.00 1.00 1.03 .31 .50
21.00 .00 .12 .35 .04
23.00 .00 .07 .14 .05
50.00 1.00 1.64 .34 1.51
56.00 1.00 .93 .35 .56
58.00 1.00 .07 .33 .04
59.00 1.00 1.17 .21 .51
313.00 .00 .12 .42 1.00
316.00 .00 .18 .27 .03
398.00 .00 .35 .61 .05
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Data for H. pylori (IgG), stool antigen, CagA, urease, LPS and 

Immunoblots in leprosy and control groups

SampleNo HpSA OD
Hp

H.pylori ODCagA CagA OD urease Urease ODLPS LPS

1.00 .00 .906 1.00 .02 .00 .20 .00 .09 .00
2.00 1.00 .886 1.00 .13 1.00 .59 1.00 .30 .00
3.00 1.00 .936 1.00 .06 1.00 .53 1.00 .58 1.00
5.00 1.00 .870 1.00 .03 .00 .69 1.00 1.27 1.00
7.00 1.00 .343 1.00 .26 1.00 .00 1.00 .46 1.00
8.00 1.00 .870 1.00 .49 1.00 .46 .00 .52 1.00
9.00 1.00 .788 1.00 .01 .00 .01 .00 .39 .00
10.00 .00 .695 1.00 .09 1.00 .21 1.00 .23 .00
11.00 .00 .790 1.00 .21 1.00 .33 1.00 .33 .00
12.00 1.00 .785 1.00 .04 .00 .28 .00 .30 .00
13.00 .00 .860 1.00 .17 1.00 .36 1.00 .54 1.00
14.00 1.00 .760 1.00 .25 1.00 .15 .00 .13 .00
15.00 .222 .00 .04 .00 .14 .00 .38 .00
16.00 .00 .209 .00 .03 .00 .10 .00 .11 .00
17.00 1.00 .917 1.00 .02 .00 .71 .00 .10 .00
18.00 1.00 .673 1.00 .00 .00 .18 .00 .16 .00
19.00 1.00 .912 1.00 .03 .00 .71 1.00 .41 .00
20.00 1.00 .565 1.00 .22 .00 .64 .00 .63 1.00
22.00 .00 .849 1.00 .03 .00 1.05 1.00 .27 .00
23.00 .00 .619 1.00 .02 .00 1.20 1.00 .25 .00
24.00 1.00 .817 1.00 .04 .00 .65 1.00 .47 1.00
25.00 1.00 .835 1.00 .01 .00 1.79 1.00 .08 .00
26.00 1.00 .952 1.00 .02 .00 .64 1.00 .02 .00
27.00 1.00 .861 1.00 .02 .00 1.56 1.00 .38 .00
28.00 1.00 .785 1.00 .40 1.00 ,96 1.00 .12 .00
29.00 .00 .115 .00 .04 .00 .17 .00 .15 .00
30.00 1.00 .473 1.00 .01 .00 .60 1.00 .11 .00
31.00 .00 .910 1.00 .41 1.00 1.30 1.00 .31 .00
32.00 .00 .552 1.00 .01 .00 1.35 1.00 .06 .00
33.00 .00 .852 1.00 .02 .00 .95 1.00 .67 1.00
34.00 1.00 .804 1.00 .00 .00 .52 1.00 .12 .00
35.00 1.00 .692 1.00 .01 .00 .80 1.00 .02 .00
37.00 1.00 .514 1.00 .01 .00 1.13 1.00 .04 .00
38.00 1.00 .909 1.00 .31 1.00 .46 .00 .69 1.00
39.00 1.00 .955 1.00 .02 .00 1.58 1.00 .40 .00
40.00 1.00 .778 1.00 .29 1.00 .80 1.00 .68 1.00
41.00 1.00 .473 1.00 .38 1.00 .19 .00 1.00 1.00
42.00 1.00 .753 1.00 .38 1.00 .64 1.00 .97 1.00
43.00 1.00 .859 1.00 .77 1.00 1.63 .00 .24 .00
46.00 1.00 .920 1.00 .04 1.00 1.79 1.00 .08 .00
47.00 1.00 .852 1.00 .01 1.00 1.27 1.00 .61 1.00
48.00 1.00 .473 1.00 .66 1.00 1.34 1.00 .76 1.00
49.00 .00 .825 1.00 .21 1.00 1.10 1.00 .51 1.00
50.00 .00 .879 1.00 .21 1.00 1.65 1.00 .86 1.00
51.00 1.00 .801 1.00 .81 1.00 1.26 1.00 .24 .00
54.00 1.00 .670 1.00 .54 1.00 1.02 1.00 .42 .00
55.00 .471 1.00 .54 1.00 .33 .00 .17 .00
56.00 .779 1.00 .87 1.00 .83 1.00 1.46 1.00
57.00 .840 1.00 .03 .00 1.32 1.00 .19 .00
58.00 1.00 .705 1.00 .08 .00 .97 1.00 .02 .00
59.00 1.00 .843 1.00 .15 .00 1.33 1.00 .10 .00
60.00 .761 1.00 .15 .00 1.33 1.00 1.08 1.00
61.00 1.00 .472 1.00 .03 .00 .01 1.00 .16 .00
62.00 1.00 .906 1.00 .12 .00 1.77 1.00 .14 .00
63.00 1.00 .868 1.00 .16 .00 1.66 1.00 .25 .00
64.00 .683 1.00 .03 .00 .93 1.00 .07 .00
65.00 1.00 .780 1.00 .06 .00 .41 .00 .70 1.00
66.00 1.00 .762 1.00 .23 1.00 1.06 1.00 .01 .00
67.00 .737 1.00 .29 1.00 .89 1.00 .26 .00
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68.00 .679 1.00 .55 1.00 1.08 1.00 .44 1.00
69.00 1.00 .852 1.00 .02 1.00 1.08 1.00 .43 1.00
70.00 1.00 .685 1.00 .04 .00 .59 1.00 .22 .00
72.00 1.00 .822 1.00 .10 1.00 1.12 1.00 .27 .00
73.00 .00 .864 ■ 1.00 .37 1.00 1.58 1.00 .19 .00
75.00 1.00 .650 1.00 .92 1.00 .56 1.00 .65 1.00
76.00 1.00 .233 .00 .02 .00 .18 .00 .08 .00
78.00 1.00 .775 1.00 .95 1.00 1.71 1.00 1.06 1.00
79.00 1.00 .779 1.00 .78 11.00 1.55 1.00 .37 .00
81.00 1.00 .118 1.00 .34 .00 .42 1.00 .02 .00
82.00 1.00 .782 1.00 .76 1.00 1.25 1.00 1.23 1.00
83.00 1.00 .174 .00 .34 .00 .46 .00 .02 .00
84.00 .00 .500 1.00 .56 1.00 .30 .00 .29 .00
85.00 .731 1.00 .88 1.00 .94 1.00 .20 .00
86.00 .188 .00 .04 .00 .25 .00 .48 1.00
88.00 .723 1.00 .01 .00 .88 1.00 1.06 1.00
89.00 .556 1.00 .04 .00 .68 1.00 .45 1.00
90.00 .441 1.00 .04 .00 .53 1.00 .29 .00
91.00 .925 1.00 .01 .00 1.32 1.00 .27 .00
92.00 1.00 .790 1.00 .99 .00 1.37 1.00 .60 1.00
93.00 1.00 .625 1.00 .11 .00 1.62 1.00 1.14 1.00
95.00 .00 .269 .00 .05 1.00 .34 .00 .24 .00
99.00 1.00 .875 1.00 .23 1.00 .75 1.00 .10 .00
100.00 1.00 .338 .00 .04 .00 .38 .00 .06 .00
101.00 .00 .846 1.00 .49 1.00 1.64 1.00 .31 .00
103.00 1.00 .928 1.00 .02 .00 1.45 1.00 .68 1.00
104.00 1.00 .391 1.00 .65 .00 1.15 1.00 .15 .00
105.00 1.00 .880 1.00 .87 1.00 1.30 1.00 .49 1.00
108.00 .878 1.00 .70 1.00 1.50 1.00 1.07 1.00
109.00 .00 .908 1.00 .02 .00 .97 1.00 .05 .00
111.00 1.00 .664 1.00 .14 .00 1.21 1.00 .69 1.00
112.00 1.00 .162 1.00 .16 1.00 .57 1.00 .10 .00
113.00 1.00 .340 1.00 .18 1.00 .38 .00 .13 .00
115.00 1.00 .142 1.00 .14 1.00 .37 1.00 .11 .00
116.00 1.00 .890 1.00 .08 .00 .48 .00 .28 .00
117.00 1.00 .912 1.00 .91 1.00 .39 .00 .64 1.00
118.00 1.00 .340 1.00 .08 .00 .65 1.00 .13 .00
120.00 1.00 .560 1.00 .08 .00 .30 .00 .08 .00
123.00 1.00 .650 1.00 .27 1.00 .55 1.00 .39 .00
124.00 1.00 .500 1.00 .14 1.00 .46 .00 .12 .00

Western blot results for leprosy (kDa)
sample leprosy 120 89 35 26.5 19.5
1.00 1.00 .00 .00 1.00 .00 .00 1.00
2.00 .00 1.00 .00 .00 .00 .00 1.00
3.00 1.00 1.00 1.00 1.00 1.00 .00 1.00
5.00 .00 1.00 .00 .00 .00 .00 1.00
7.00 1.00 .00 .00 .00 .00 .00 .00
8.00 1.00 1.00 1.00 1.00 1.00 .00 1.00
9.00 1.00 .00 1.00 1.00 1.00 .00 1.00
10.00 1.00 .00 .00 .00 1.00 .00 1.00
11.00 .00 .00 1.00 1.00 .00 .00 .00
12.00 1.00 .00 .00 1.00 1.00 1.00 .00
13.00 1.00 1.00 1.00 .00 .00 1.00 1.00
14.00 1.00 1.00 1.00 1.00 1.00 .00 1.00
15.00 2.00 .00 .00 .00 1.00 .00 .00
16.00 2.00 .00 .00 .00 .00 .00 .00
17.00 2.00 1.00 .00 1.00 .00 1.00 1.00
18.00 2.00 .00 .00 1.00 1.00 1.00 1.00
19.00 2.00 1.00 1.00 1.00 .00 .00 1.00
20.00 2.00 .00 .00 .00 .00 .00 .00
22.00 2.00 .00 .00 .00 .00 .00 1.00
23.00 2.00 .00 .00 .00 .00 1.00 .00
24.00 1.00 .00 .00 .00 .00 .00 1.00
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25.00 1.00 1.00 1.00 1.00 .00 .00 1.00
26.00 .00 .00 .00 .00 .00 .00 1.00
27.00 1.00 .00 .00 1.00 .00 .00 1.00
28.00 2.00 .00 .00 .00 .00 .00 .00
29.00 2.00 .00 .00 .00 .00 .00 .00
30.00 2.00 1.00 .00 .00 .00 1.00 1.00
31.00 1.00 1.00 1.00 .00 1.00 1.00 1.00
32.00 1.00 .00 .00 1.00 1.00 1.00 1.00
33.00 .00 .00 .00 .00 .00 .00 1.00
34,00 1.00 .00 .00 1.00 .00 .00 1.00
35.00 .00 .00 .00 1.00 .00 .00 .00
37.00 2.00 .00 1.00 1.00 1.00 .00 1.00
38.00 2.00 1.00 1.00 1.00 1.00 .00 1.00
39.00 2.00 .00 1.00 1.00 1.00 1.00 1.00
40.00 2.00 1.00 1.00 1.00 1.00 1.00 1.00
41.00 2.00 1.00 .00 .00 1.00 .00 1.00
42.00 2.00 1.00 .00 .00 1.00 1.00 1.00
43.00 2.00 1.00 1.00 .00 1.00 1.00 1.00
46.00 2.00 1.00 .00 .00 1.00 1.00 1.00
47.00 2.00 1.00 .00 1.00 1.00 1.00 .00
48.00 2.00 1.00 1.00 1.00 1.00 .00 .00
49.00 1.00 1.00 .00 1.00 1.00 .00 1.00
50.00 1.00 1.00 .00 1.00 1.00 1.00 1.00
51.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
54.00 1.00 1.00 1.00 1.00 1.00 .00 1.00
55.00 2.00 1.00 .00 1.00 1.00 1.00 1.00
56.00 2.00 1.00 1.00 .00 .00 1.00 1.00
57.00 2.00 1.00 1.00 1.00 1.00 1.00 1.00
58.00 2.00 1.00 1.00 1.00 1.00 1.00 1.00
59.00 2.00 1.00 1.00 1.00 1.00 1.00 1.00
60.00 2.00 1.00 1.00 .00 1.00 1.00 1.00
61.00 2.00 1.00 1.00 1.00 1.00 1.00 1.00
62.00 2.00 1.00 1.00 1.00 1.00 1.00 1.00
63.00 2.00 1.00 1.00 1.00 1.00 1.00 1.00
64.00 2.00 1.00 1.00 1.00 .00 .00 1.00
65.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
66.00 1.00 .00 1.00 1.00 1.00 .00 1.00
67.00 2.00 1.00 1.00 .00 1.00 ,00 1.00
68.00 2.00 .00 .00 1.00 1.00 1.00 1.00
69.00 2.00 .00 .00 .00 .00 .00 1.00
70.00 1.00 1.00 1.00 1.00 .00 .00 1.00
72.00 1.00 1.00 .00 1.00 1.00 1.00 1.00
73.00 1.00 1.00 .00 1.00 1.00 1.00 1.00
75.00 2.00 1.00 1.00 .00 1.00 .00 1.00
76.00 2.00 .00 1.00 .00 .00 .00 1.00
78.00 1.00 1.00 .00 .00 1.00 .00 1.00
79.00 .00 1.00 1.00 .00 1.00 .00 1.00
81.00 1.00 .00 .00 .00 .00 .00 .00
82.00 .00 1.00 1.00 .00 1.00 .00 1.00
83.00 1.00 1.00 .00 1.00 .00 .00 1.00
84.00 1.00 .00 .00 .00 .00 .00 .00
85.00 2.00 1.00 1.00 .00 .00 .00 1.00
86.00 2.00 .00 .00 .00 .00 .00 .00
88.00 2.00 1.00 1.00 .00 1.00 .00 1.00
89.00 2.00 1.00 1.00 .00 1.00 .00 1.00
90.00 2.00 .00 .00 1.00 1.00 1.00 1.00
91.00 2.00 1.00 1.00 .00 .00 .00 1.00
92.00 .00 1.00 1.00 1.00 .00 .00 1.00
93.00 .00 .00 .00 .00 .00 1.00 1.00
95.00 1.00 .00 1.00 .00 .00 .00 1.00
99.00 .00 .00 .00 .00 .00 .00 1.00
100.00 1.00 1.00 1.00 .00 .00 .00 1.00
101.00 .00 1.00 .00 .00 1.00 .00 1.00
103.00 2.00 1.00 1.00 .00 1.00 1.00 1.00
104.00 2.00 .00 .00 .00 .00 1.00 .00
105.00 2.00 1.00 1.00 .00 1.00 .00 1.00
108.00 2.00 .00 .00 .00 .00 .00 .00
109.00 2.00 1.00 1.00 .00 1.00 1.00 1.00
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111.00 1.00 1.00 1.00 .00 1.00 .00 1.00112.00 1.00 .00 .00 1.00 1.00 1.00 1.00113.00 1.00 .00 .00 1.00 1.00 .00 1.00115.00 1.00 .00 .00 .00 1.00 1.00 1.00116.00 .00 .00 .00 .00 .00 .00 .00117.00 2.00 1.00 1.00 1.00 1.00 1.00 1.00118.00 1.00 .00 1.00 1.00 1.00 1.00 1.00120.00 1.00 1.00 1.00 1.00 .00 .00 .00123.00 2.00 1.00 1.00 1.00 1.00 1.00 1.00124.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
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Data for the mice study 

IL 12 distribution - control mice
Time LPS Cag Ure vac Saline Wcl
Ow 0 0 0 0 0 0
1w 0 0 0 15.6 18 15.6
1m 125 32 15.6 15.6 0 15.6
2m 250 125 125 32 0 81.6
4m 7.8 15.6 0 40 0 15.6
6m 7 7.7 0 40 0 15.6

IL 12 distribution - TAP 1 mice
Time LPS Cag Ure vac Saline wcl
Ow 0 0 0 0 0 0
1w 0 0 7.8 15 7 15
1m 15.6 15.6 60 15 32 16
2m 125 15.6 60 19.8 0 160
4m 500 500 60 20 0 15.6
6m 7.8 250 30 0 0 0

IFN Gamma -control mice
Time LPS Cag Ure vac Saline Wcl
Ow 0 0 0 0 0 0
1w 20 30 30 30 0 30
1m 40 40 33.5 40 0 40
2m 150 40 40 80 7 200
4m 25 5 25 30 0 25
6m 18.8 5 0 33.5 0 0

IFN Gamma - TAP 1 mice
Time LPS Cag Ure Vac Saline Wcl
Ow 0 0 0 0 0 0
1w 10 0 48 45 0 20
1m 50 25 32 25 0 40
2m 18 9 11 10 0 10.9
4m 0 0 0 0 0 25
6m 0 0 0 0 0 0
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IL10 response in control mice

Time LPS Cag Ure vac Saline wcl
Ow 0 0 2 0 0
1w 15 0 2 0 0
1m 16 12 2 2 0
2m 18 13 2 3 0
4m 19 14 15 3 15
6m 32 30 2 0 0

IL 10 response in TAP 1 mice
Time LPS cag Ure vac saline wcl
Ow 0 0 0 0 0 0
1w 8 11 5 10 3 10
1m 9 10 5 7 2 6
2m 10 9 10 8 3 10
4m 10 7 0 9 2 10
6m 5 0 0 10 0 10

IL4 response in control mice
Time LPS Cag Ure vac Saline wcl
Ow 0 0 0 0 0 0
1w 3 2 1 1 1 1
1m 4 3 2 1 2 2
2m 4 2 4 10 2 2
4m 3 2 1 28 1 2
6m 3 2 1 40 1 2

IL4 response in TAP 1 mice
Time LPS Cag Ure vac Saline wcl
Ow 0 0 0 0 0 0
1w 20 15 1 1 1 1
1m 15 28 2 1 1 2
2m 0 45 2 0 1 3
4m 0 20 1 0 1 1
6m 0 7 1 0 1 1

377



Antibody response to LPS in control and TAP 1 mice with saline controls

Time LPS/control mice Saline/control mice LPS/ TAP 1 mice Saline/control mice
Ow 0 0 0.27 0
1w 0.84 0.2 0.71 0.01
1m 0.75 0.2 0.81 0.01
2m 0.8 0.2 1.05 0.11
4m 1.19 0.2 0.85 0.08
6m 1 0.3 0.36 0.02

Antibody response to WCL in control and TAP 1 mice with saline controls
Time WCL/control mice Saline/control WCL/TAP 1 mice Saline/control
Ow 0.01 0.07 0 0
1w 0.01 0.04 0.46 0.08
1m 0.65 0.05 0.75 0.09
2m 0.39 0 0.38 0.07
4m 0.22 0.03 0.45 0.07
6m 0.16 0.03 0.06 0.07

Antibody response to Urease in control and TAP 1 mice with saline controls
Time Urease/control mice Saline/control mice Urease/TAP 1 mice Saline/TAP 1 mice
Ow 0.008 0.06 0 0.05
1w 0.140 0.02 0.08 0.04
1m 0.152 0.07 0.1 0.07
2m 0.22 0.04 0.198 0.04
4m 0.042 0.15 0.309 0.03

Antibody response to CagA in control and TAP 1 mice with saline controls
Time CagA/control mice Saline/control mice CagA/TAP 1 mice Saline/control
Ow 0.007 0.06 .07 0,05
1w 0.05 0.02 0.235 0.04
1m 0.03 0.07 0.155 0.07
2m 0.018 0.04 0.182 0.04
4m 0.043 0.09 0.326 0.02
6m 0.053 0.035 0.083 0.03
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Antibody response to VacA in control and TAP 1 mice with saline controls

Time VacA/control mice Saline/control mice VacA/TAP Imice Saline/TAP 1 mice
Ow 0.002 0.002 0.004 0.00
1w 0.003 0.003 0.0013 0.00
1m 0.004 0.003 0.009 0.00
2m 0.008 0.002 0.002 0.00
4m 0.0030 0.0030 0.026 0.000
6m 0.003 0.005 0.004 0.00
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Questionnaire
{ Basic - was changed to suite the population tested)

A Prevalence Study of Helicobacter pylori -in Sri Lanka

Date

Serial No

A. Personal History

Name

Address-

School-

Class-

D.O.B-

Age
6-8 0
9-11 1
12-14 2

7. Sex
Male 0
Female 1
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8. Race

9. Religion

B. Medical History

2. Does the pain wake you at night?

Sinhala 0
Tamil 1
Muslim 2
Other 3

Buddhist 0
Christian 1
Hindu 2
Muslim 3

1. Presenting symptoms Duration
Epigastric
pain

0

Restrosternal
pain

1

Dysphagia 2
Gl bleeding 3
Other site of 
pain Central/ 
RUQ/LUQ/ili 
ac fossa

4

Others 5
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yes 0
no 1

3. Have you lost weight recently?
yes 0
no 1

C. Past Medical History

1. Have you ever had the following?
Recurrent abdominal pain 0
Constipation 1
Diarrhoea 2
Black stools 3

2. Have you taken any drugs for these symptoms?

yes 0
no 1

3. If yes, what is the drug?
Cimetidine 0
Omeprazole 1
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Anatacids 2
Bismuth 3
NSAIDS 4
Anitbiotics 5

D. Social History

Where were you brought up before 7 years of age?

Town 0
Village 1

2. Father's Occupation-

Manual 0 Formal 0
Non manual 1 Informal 1

Total income of the family per month-

How many people live in your house-

How many rooms are there in your house (excluding the bathroom)
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Do you have a toilet in your house?

yes 0
no 1

7. What type of toilet is it?
Pit 0
Water seal 1
Other 2
No proper toilet 3

8. If no, where do you go for your toilet needs?

9. Main source of drinking water in your house hold

184

TAP 1 in house 0
Private TAP 1



How often do you boil your drinking water?

Do you own the house you live in?

within your 
premises

1

Public TAP 1 2
Protected well 3
Non protected well

4
River 5
Other 6

Never 0
Sometimes 1
During epidemics 2
Always 3

yes 0
no 1

Do you have an electricity supply for lighting?

yes
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Do you own a TV?

Do you own a car?

15, Do you eat the following?

If yes, what is it?

386

yes 0
no 1

yes 0
no 1

Do you have any animals in the house?

Vegetable 0
Fish/SF 1
Meat 2
All of the above 3

yes 0
no 1

Dog 0
Cat 1
Others 2
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