CHAPTER III

LITERATURE REVIEW

1. General characteristic

1.1 History of H.pylori
Helicobacter pylori w hall and Warren in western
Australia from gastric mucu d duodenal ulcers. These

investigators named the mi bacteria (1).  Skirrow, a

microbiologist in the Campylo rganisms were proved to be
a member of the genus Campy, cter pyloridis would be apt
because of their specific location ceessful culture of the bacterium
resulted in the acceptance of this n rected to Campylobacter pylori
(48, 49).

Yet almost from its-ihitial cultivation it was sus at perhaps Campylobacter

pylori was not a true Campyloba 5'showed multiple sheathed

flagella at one pole of the b
typical of Campylobacter, s eglr SJ he organism differed
sufficiently from tru u ﬁ&l ﬂ% ﬂz[ﬁﬁ ﬁv genus Helicobacter
(51). It soon becomes apparent that similar©rganisum coleized the stomach/of a wide variety

ot animals oy TR 1oV P LU BN YA B tcsties of

rodents and othgr animals also belonged to Helicobacter (51). It soon becomes apparent that

eterium, in contrast to the single bipolar unsheathed flagellum

similar organisms colonized the stomach of a wide variety of animals other than humans, and
that certain spiral bacteria colonizing the intestines of rodents and other animals also
belonged to Helicobacter. Ongoing study of this organism, particularly at the genetic level,
resulted in the formation of a new genus, Helicobacter (helico = curved, bacter = staff), with

Helicobacter pylori as the type species, the first member of the new genus Helicobacter (52) .



The analysis the sequence of the 16S rRNA gene led to the differentiation of
Helicobacter pylori from Campylobacter species and this molecular tool also has been
instrumental in the classification of the other members of this genus. Other important
features that differentiate Helicobacter species from Campylobacter species included the

possession of sheathed flagella, unique fatty acid profile, lack of respiratory quinones, active

2.1 Morphology

Helicobacter pylori i
in diameter and 3 to 5 pm lon

Helicobacter pylori has 7 polar shea flagella which enable the bacterium to
B

move freely in Viscoﬂe%%f% ‘ﬁﬁxﬂ-@ WSIQJ ’}\ﬁa dies have reviewed

that this motility is esséntial for the bactenal colomzatlon of its host (56). The flagella sheath
is a membraﬁ ﬂTlﬂ Q W})ﬂﬂ%}! protects the
flagella ﬁlamerqs m the gasM7 ent contains two different
flagellin proteins, Fla A and Fla B, both of which have been shown to be necessary for the

motility of the organism.



3. Classification of H. pylori
3.1 General characteristics of the genus Helicobacter

3.1.1 Cellular morphology and ultrastructure

ive bacteria. The cellular morphology
: & in diameter and 1.5 to 10.0 pm

enw with the age, the growth

s or those exposed to air, cells

Helicobacter are non-spore-fo
may be curved, spiral, or fusiform, ty
long and have rounded ends.
conditions and the species ident1
may become coccoid .

Periplasmic fibers o psule-like layer has been
observed on the cellular surfa : ccie ctron-dense granular bodies
have been observed in H. pylbr' ¥ .' '_ _7 ‘ In H. pylori these bodies are

known to be aggregates of polyphosphate y reserved energy source.

Helicobacter cells &m@ﬁlemf id cor 5t slower wave-like motion
due to flagella activity. Strains o of multiple sheathed flagella
with a polar or bipolar distn'@ion. 1 : cobacter at present consists of 18 offical

genera with another 10 potentiajl)govel species (6@, Of the offical genera, 8 are of gastric

origin and the remaiﬁélj)ﬁe"}l% wn‘rssaw E{c't']oﬂ ‘\ﬁide variety of animal

species in H. pylori and' H. heilmanii are thg only 2 specles which have been associated with

human gastri H ﬁcﬁaﬂ mmith sa ﬁtﬁlﬁnd proctolitis.
Distinguished es 0 elicobacter genus are compared in

Tablel.



Tablel. Characteristics of member in genus Helicobacter

H. heilmannnii

Helicobfzcter Host Features Disease associations
species
Human multiple(4-6)sheathed Causes gastritis in human
flagell aslo found sometimes in
H. pylori ] domesticated or caged

animals e.g. pigs cats

Gastritis and ulcerations

commonly develop in ferrets,

electron microscopy

H. mustelae seful modle for studying
‘“pathogenic mechanisms.
, Differs onl form Isolated from cats, can be
ﬂ u EI ﬁ ']) ed in mice, useful in
QU m ﬂMﬂﬂ ﬂj:nng trials for anti
H. felis

AN TR




3.1.2 Growth characteristics

In laboratory conditions, strains typically grow under strictly microaerobic condition
at 37°C. No growth is observed in aerobic conditions, Helicobacter will grow at 37°C on a
variety of rich agar bases supplemented with 5% whole blood or serum. Many species

require fresh media with moist agar surfaces for optimal growth conditions, though this is not
usually the case for H. pylori. : ,p

They are asaccharolytic wh standard methods (neither

oxidation nor fermentation i ever, indicated that glucose

4. Culture and Identification ¢ a

AU INYNINYINT

4.1 The atmosphere for culture of Helzcob‘gcter pylort

s
PRG0N IRANEIRY
In geneqal, primary cultures pylori have less oxygen tolerance than most

Campylobacter species with a growth maximum at 3 to 7% of O,. H. pylori is usually grown

in jars with gas-generation kits (1, 66) or a standard microaerobic atmosphere in CO,
incubation or anaerobic chambers with a microaerobic atmosphere. Most studies with
standardized atmosphere for culture of H. pylori have used 2 to 5% O,, 5 to 10% (optimal
closer to 10%) CO,, and 0 to 10% Hy; high humidity are required for growth (67-70).
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Optimal growth is obtained at 37°C after 4 to 5 days for primary culture or 2 days for
subsequent subculture.

Plates must be incubated in a microaerobic environment (5 to 7% O,) incorporating
increased CO; (5 to 10%) and a high relative humidity. This environment may be created by
using the campy Pak system (BBL Microbiolo
jar with a moistened towel in the bottom\§
Hg (1 mm Hg = 133.322 Pa) and r
H,, and 80% N, (71). The C (BﬂL),

been effective for subculture

System Cockeysville, Md.) in an anaerobic

uation of an anaerobic jar to 220 mm

oblc gas mixture (10% CO,, 10%

s one or two plates, has also

he}'e is generated in the pouch,
primary isolation is predicted ion has been published. All
biochemical and susceptibi uire microaerobic conditions

(72).

-, ylortEs compared to sheep blood

blood. Horse blood may als¢
(73). Suppplement of agar w1t]yc&10dextrin B cawe used for blood-free culture media for

e B RIS 30

Often H. pylorfigrows poorly or not at all on selectlve media contammg antibiotics.

Skirrows andl& ﬁcﬁeﬁﬂm wﬁ]ﬂalﬂ ma lective media
and have been used in several ies ( ere seem to be greater difference between

horse and sheep blood agar, in with an without antibiotics (73). By comparing agar plates
containing 5% horse blood, 10% horse blood, 7% lysed horse blood, 7% lysed horse blood
with trimetroprim and selective campylobacter plates, revealed that H. pylori with more
plates than on the other media, but the numbers of H. pylori-positive patients were almost

equal with all media.
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Like Campylobacter, H. pylori is stictly microaerophilic and CO; (5 to 10%) and high
humidity are required for growth. H. pylori requires media containing supplements similar to
those used for Campylobacter ; blood, serum, haemin, starch, or charcoal. However,H.
pylori is inhibited by the bisulphate in the FBP Campylobacter “aerotolerance supplement”.
Growth is best on media such as moist freshly prepared heated (chocolate) blood agar, and

nutrient-rich media such as brain hea% ! r or brucella agar supplement with 5 to

7% horse blood are adequate as n: ). An egg yolk emulsion agar with

Columbia agar base has also to yield muonselective growth of H. pylori
——

when compared to other cul wil in Table 2. (78).

Usually H. pylori Llig BN ation of a high numbers of

coccoid forms (79, 80). Co idatifigimicroorgani ococci, yeasts, etc.) usually

Gastric biopsy speci- n: 1sed for the primary isolation

of H. pylori they should be ﬂt;ra::,ported in a ch')'i’st state and cultured within 2 hours of
collection. Storage Ejk (‘laﬁvlctlji ﬂ“ﬁrgj-ﬂrﬂ e period is more than 2
days, whereas a himperature (about 20°C) decreases the number of positive cultures
significantl s > o m ﬁ when biopsies
were transpﬁm;aoﬁﬂgﬁs thra n'ti ::I ﬂ number of H.

pylori especially after antibiotics therapy, and if the number of bacteria is low, culture may be

become false negative.
Various transport media have been described for transporting biopsy samples,
including cysteine brucella broth, normal saline, glucose, milk, stuart’s medium, semi-solid

agar, brain-heart infusion broth and Clary-Blair medium (66).
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Table 2. Comparison of culture media and atmospheric conditions for growth of H. pylori

(78)
Agar Medi Conditions of Incubation
& a Anaerobe Jar Cam aerobe Jar Atmosphere
_ Poly Bag —
(no Catalyst) yyst) Air With 5%
- Co,
T——
Brucella with o growth No growth
Sl Best growth
ey B-hemolysis
blood \
Tryptic soy Very goo 04 o growth No growth
With 5% sheep growth
blood
Brain heart Very good No growth No growth
Infusion with growth
5% horse blood
Chocolate No growt owth No growth
(BD) T}
Chocolate Small da Small N&growth No growth No growth
GIBCO c ' 11
o PR FRHNIWENNT
Chocolate Veryjsma ery sma‘I No growth No growth No growth
o/
freshl i i
o AR
Campy-BAP l gr Y 1No 0 No growth
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4.4 Specimens for culture of H. pylori

H. pylori is the microorganism most frequently found in the human gastric mucosa in
assaciation with gastric epithelial cells, but other curved bacteria have also been found in the

gastric mucosa.

4.4.1 Gastric specimens

H. pylori is most regw

]

untreated persons. In persons fir ih

in‘_!'he @: human gastric mucosa of
-cid-suppressive drugs (proton pump inhibitiors

H. pylori is more frequently fou gasttio’ ani ‘than in duodenal biopsies even in

and H, antagonists), H. pylori mas

persons with duodenitis and : er. 11 ' 3 be cultured from gastric juice

in about 15% of persons with & pplo cultifr' I astric an and from less than 50%

ulture has b timated
pylori by culture has been estima : ST

cultured from one antral b}apsms (68) It is / ac ed,saccording to the modified

O antrum and two biopsies

ent didnosis
442Extragﬂr%&]n4}ﬂf] ﬂij g1nN39

RSN e
diverticulum, agus, rec der, denta plaque, and feces (54, 86-89).

Detection of extragastric H. pylori from plaque, fecal samples, atherosclerotic plaque and

from corpus should be takeng cu

liver was mainly achieved by genome methods and serology (90-92) Recently, H. pylori has
also been detected by PCR in specimens from gallbladder and liver (93). No systematic
studies have been carried out to recommend optimal sample sites for extragastric H. pylori

infections.Culture-confirmed microbiological identificaion is preferable to ensure the
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bacteriological diagnosis of isolates from these sites, a least until molecular biological

methods have been better evaluated than they are today.

S. Identification of H. pylori

The optimal temperature of incubation in 35 to 37°C. Colonies from primary

ation. Colonies of H. pylori are small

isolation are generally observed by 3 to \;

ay!
(0.5 to 2 mm), translucent to yellowi ~-¢.\‘. 1 lysed horse blood agar and with

translucent to pale grayish col 5 tofl mm-anesizeron blood agar. In very young
cultures, H. pylori may appe 'oscopy. After 3 to 5 days of

In old cultures, H. pylori appeass a8 degencra ve © ceoid. forms that Gram stain poorly.
Because of their small size, Z 0 identify and isolate when

microbiota is present. Some

in color.

_;',':j ,.'Li‘,» LA J =
H. pylori is biocljimicallf cI(;Eel’y' rela np )fbacter, Arcobacter, and
L A,
Wollinella species but -“— eroides, | I hiovu and Selenomonas species.
They are all characterized as béing gram-n are able to grow microaerobically

or anaerobically. The rods may‘b.en. more or less cu;\?d, depending on the growth conditions.
The urease reactio ionQih i in, eﬂrﬂﬁ species, but some
Campylobacter lariﬁﬂﬁmlﬂ)ﬂvmﬁgj one urease-negative H. pylori
strain has beﬁiﬁfgf ﬁﬁﬁ?{ﬁeﬁwﬂiﬁaﬁ ﬁ@fﬁ am negative,
motile curved a 0 , Ba e ease ‘positive; an , therefore, be
necessary to Endertake protein profiles or genomic analysis to ensure the correct

identification.
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6. Diagnostic Testing

Currently, there are several popular methods for detecting the presence of H. pylori
infection, each having its own advantages, disadvantages, and limitations. Basically, the tests
available for diagnosis can be separated according to whether or not endoscopic biopsy is
necessary. Histologic evaluation, culture, pol erase chain reaction (PCR), and rapid urease
/ scopy. Alternatively, simple breath

and trials investigating PCR

test are typically performed on tissue

e presence of H. pylori are

,.—;?‘r

cases, different staining tecﬂlques may be ne anginvolve longer processing

times and higher costs. Hoywever, histologic samp] W for definitive diagnosis of
infection, as well as of the deﬁ 1 ap asi%nd the presence/absence of

MALT lymphoma or othe gastngrcancers in high-ris atlents

6.2 Culture ﬂuﬂf‘]wﬂwswaqﬂj
Becaus?*fw ’l @nﬂcﬂ jggu ;Jum’l’;la thegc!lzlf@utgr! in diagnosis

of the infection is limited mostly to research and epidemiologic considerations. Although
costly, time-consuming, and labor intensive, culture does have a role in antibiotic
susceptibility studies and studies of growth factors and metabolism. However, in the United

States, culture should not be considered a routine, first-line means of diagnosis (96).



16

6.3 Polymerase Chain Reaction

With the advent of PCR, many exciting possibilities emerged for diagnosing and
classifying H. pylori infection. PCR allows identification of the organism in small samples
with few bacteria present and entails no special requirements in processing and transport.

Moreover, PCR can be performed rap1 y ang ctively, and it can be used to identify

different strains of bacteria for pathoge: ,‘ 1 i gic studies. As suggested earlier,

negative results.

6.4 Rapid Urease Testing
\

Rapid urease testing *: [ pylori is a urease-producing

organism (97). Samples oblji(ned on endoscopy are placed in urea-containing medium; if
urease is present, t ﬁﬁm d ammonia, with a
resultant increase 1Hﬂﬂlf"1 mﬂm a subsequ ﬂﬁ)arnchange in the pH-
dependent Eﬁ ﬁl i t, and widely
available. I:ﬁlﬁe:l]";ﬁlﬁ ﬁiih ﬂﬁi mﬁ; E]Sreased urease

activity, caus either by recent ingestion of antibiotic agents, bismuth compounds, proton
pump inhibitors, or sucralfate or by bile reflux, can contribute to these false-positive results
(98).
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6.5 Urea Breath Test

A urea breath test similarly relies on the urease activity of H. pylori to detect the
presence of active infection. In this test, a patient with suspected infection ingests either “C-
labeled or "*C-labeled urea; '*C-labeled urea has the advantage of being nonradioactive and
thus safer (theoretically) for children and women of chidbearing age. Urease, if present,

splits the urea into ammonia and is\ carbon dioxide; the carbon dioxide is

absorbed and eventually expired i tected

| ——— "‘
Besides being excelle(

establishing absence of infectio

' on this test is also valuable for
important consideration in patients with a

. A
history of complicated ulcef di -bleeding or p ation (99). In addition, a urea
breath test is relatively inex: i eye iSotope is used), is easy to perform, and does

not require endoscopy. How mgested proton pump inhibitors
antibiotic agents, or bismuth breath test can be of limited value
Therefore, at least 1 week shoul ) inuing of antisecretory medications
and testmg for active infection (100)’;'5;?7 ould separate treatment of H. pylori

urea breath test may be et limited by a ame of Several days or longer required

for transport of samples and analys15 by spec1ahzed laboratories not present in many

=== f U INENTNEINT
“S““‘“”W'] AINTNUNNINGAY

In response to H. pylori infection, the immune system typically mounts a response
through production of immunoglobulins to organism-specific antigens. These antibodies can
be detected in serum or whole-blood samples easily obtained in a physician’s office. The
presenct of IgG antibodies to H. pylori can be detected by use of a biochemical assay, and

many different ones are available.
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Serologic tests offer a fast, easy and relatively inexpensive means of identifying
patients who have been infected with the organism. However, this method is not a useful
means of confirming eradication of H. pylori; several different samples and changes in titers
of specified amount over time would be needed (101). In addition, few patients become truly

seronegative, even after eradication of the organism (102).

Serologic tests may be useful in identifying ée aﬁof more virulent H. pylori by
detecting antibodies to virulence fz ociated with n vere disease and complicated

ulcers, gastric cancer, and |
6.7 Stool Antigen Testing

Stool antigen testing i ] GiEl(j: ey ethodology that uses and enzyme

i tool specimens. A cost-effective
and reliable means of diagnosing active in -and confirming cure, such testing has a
sensitivity and specificity comparable-to fhiose of ¢ invasive tests (103). Questions
remain regarding possibe _rm\ fer species present in the

intestines, but definitive studies are m

ﬂumwﬂmwmm
QW']éWﬂ‘iﬂJ NN Y



Table 3. Summary of tests for detection of H. pylori

19

Test Sensitivity | Specificity| Cost* Endoscopy Comments
(%) (%) required
Culture 77-94 100 2 x Yes “gold standard”
Histology 93-99 95-99 i Yes Demonstrate host response
and integrity of mucosa
Rapid urease 86-97 8 : Can be performed rapidly
.—d L
Test (CLO test) ——
"C breath test | 96-100 Y Preferred for pregnant
(no Women and children; not
radioactive) PERY idely available;excellent
i = For early posttreatment
ﬁ’; Tracking
"“C breath test | 90-100 100 = [+ Bt Small amount of radiation
B Exposure; excellent for
G e
i Posttreatment tracking
Serology 83-98 - E eadily available; useful

;FB

roepidemiological tool;

| Limited value in short-term

Tracking of therapy

AN WIS

* + = least expensive, 4t = mgerately expenswe +H+= most expenswe

’QW?ENﬂ‘iELJ AN Y
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7. Epidemiology and Transmission
7.1 Prevalence

Helicobacter pylori infects more than half the people in the world. The prevalence of

the infection varies among countries and among differention groups within the same country.
%Wyggi socioeconomic status, crowding, poor

sanitation, and unclean water suppli 4). H. e most common chronic bacterials

infection in humans. Infectioﬁ

prevalence of over 80% in developi

co@latmacioeconomic conditions, with a
countries (2). H. pylori is hi

The highest rates of infection are asso

B 50% in highly industrialized

thousands of years, as ociations of H. pylori. 1t is

Ny
predominantly found in ; tﬁh gene pools from ancestral

populations that arose in affic ia, with subsequent spread

H. pylori infection is typically a¢ ood. The prevalence of the infection
at age 20 provides a reaﬂable ﬁﬁ%ﬁf Iﬂ';e of infection in that birth cohort
throughout the remainder ol ther-ves—irs duits, the frequenc of acquiring the infection is
about 0.5% a year. In developed countries, the 1 quisi of the infection is now less
than the rate of loss of the ir%gection, probably as a consequence of the use of antibiotics for a

different medical '5:::;5 i ~ feetions). Thus, overall, the
prevalence of H. iﬂml;‘; iﬂﬂﬂgmgtvmgons. Nonetheless, the
indigent and.sogi isadv, iﬁm ﬁ‘ it ﬁ‘fﬂ‘ve a relatively
high rate ofaﬁitr aﬁnﬁ r)l Yfg::ﬁ i e population.

Age is the most important variable related to the prevalence of infection. In general,
prevalence increases with age (106) This rising infection prevalence with age is largely

apparent, rather than real, reflecting a continuing overall decline in the prevalcnce of H.

pylori infection. Because the infection is typically acquired in childhood and is lifelong the
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high proportion of older individuals who are infected is the long-term result of infection in
childhood when standards of living were lower. The prevalence will decrease as current 40-

year-olds with their lower rate of infection reach age 60, a birth cohort phenomenon.

Children in developing nations between the ages of 2 years and 8 years acquire the
infection at a rate of about 10% a year. This s1gmﬁcant difference in the rate of chilhood
acquisition is responsible for the d e 1demlology between developed and
developing countries. The annual i w ult studies in developed countries
was between 0.3% and 0.5% pem 108) ——-

Socioeconomic diffe/ \dictor of the prevalence of

infection in any group. Hi _
sanitation correlate with loy : ’&1 \* of infection in those with

The prevalence of H.I nations with developed, Western

nations exhibiting lower rates of mfectmn than developmg countries. Even within Western
nations, the rate of i - ﬁed States, whites have
a lower prevalence cﬂ-lwgr: ?mn an do lacks or Hispanics. For example, in the
metropolitan ﬁ ﬁ} d Hispanics is
twice that ofi ﬁiﬂﬂﬁlﬁlﬁmﬂﬁ m)\zljn ﬂence remained

when d1fferences is the following were controlled: income, educational level, current
socioeconomic status, housing type, and use of tobacco and alcohol. Race was shown not to
be the determining factor because, despite different rates of infection for whites and blacks,
Hispanics (an ethnic group independent of race) had a rate of infection equal to that of blacks.

When difference in socioeconomic status during childhood were included in the model, the
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differences in prevalence among the various groups disappeared, confirming that childhood is
the critical period for acquisition of this typically lifelong infection (111). Thus, the

prevalence of H. pylori in any group of adults reflects the rate of acquisition in childhood.

7.3 Genetic factors
Although genetic factors were “ explanation for the differences among
racial or ethnic groups, genetlc determining the bacteriumhost

1241 3)#mﬂuences are best demonstrated

in studies comparing outcom ise| together and separated at or near birth. This

e portance of environmental
e apart compared with those

reared together. Such studi Wi no ic twins reared apart have

interaction and outcome of the

that in dizygotic twins,

factors is seen in the differe

7.4 Family studies

Transmlss1b1@| anlnfectlo n is enasmlxoy seveer]sEhes showing that any
activity that jﬁ’ Mre sanitation
may be com mlﬁﬁﬂ mm ?TcEr PT ection. For
example 11v1ng in crowded circumstances in childhood has repeatedly been shown to be an
epidemiologic link to risk of acquistion of the infection. Multiple studies have demonstrated
an association between the number of children in the household and the risk of acquistion of

the infection (115-117). Previous studies have demonstrated an association between the

number of children in the household and the risk that adult family members will acquire the
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infection (114, 118). Studies of asymptomatic families showed that if the index case had H.
pylori infection, the other members of the family were likely to be infected. If the index
parent was not infected, other members of the household were also unlikely to have H. pylori
infection. The primary source of infection within a family probably varies depending on
which parent has the most contact with the children. The fact that the prevalence of H. pylori

infection in the spouse, who is genetically unrelated to the other spouse, and in the children

could be predicted by the H. pylori statu ‘f i case is consistent with the notion that

the environment is the most impo of H. pylori infection. The results

in families with children con

show little tendency for trans

8. Transmission

_,- Bt a;ll F’—ﬂ =
very high rate of mfectlolsh eqmvilent“’tb’ rates ih developi ;ﬂtions, relecting the living
conditions during their chidhood:However; Koreanch 1idren T gh socioeconomic-status
families had much lower prévalence rates (2 id children in developing nations or

children of Koreans with lowe ﬂ}' socioeconomic status (120). As in other countries, social

class was inversely ﬁaﬂtﬂ egaleﬁﬁcﬂ ﬁoﬂlﬁﬂfﬂfe dults are infected, yet

children from higher sgcioeconomic-status parents are becomin; cted at a markedly lower

BOL VAT 0 U Y (1T

transmission remams unclear and in one of the important questions of further research
Previous studies suggest a fecal-oral mode of transmission (121), although some

investigators support an oral-oral mode of transmission (122-124). H. pylori can reach the

mouth via reflux of gastric contents. While H. pylori can be found in dental plaque, dental

workers are not at increased risk to develop the infection. This would be categorized as
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gastric-oral and would be to the increased risk seen in gastroenterologists and endoscopy
nurses who work with gastric secretions. Nurses in one study had a 39% rate of
seropositivity compared with 26% in age-matched controls (125). The source of H. pylori
infection in nurses could be fecal-oral or gastric-oral, associated with handling of nasogastric

tubes or endoscopes.

9. Pathogenicity of H. pylori

ly,

Once acquired, H. pyloria per!sts m-lb-hﬂ!ndeﬁmtely, apparently for life.
Its persistence can be attribut that allow '~ olonize the stomach . H. pylori is
motile by polar flagella, i o a¢ sceptible @ as. In addition, it is able to
withstand the local pH. 4 fthe fo onia on the gastric mucosa,

thereby increasing the pH , yan n also releases cytotoxin, toxic

proteins, platelet activating fagfor, & latter is produced in its outer
membrane. Colonization of the Stom to inflammatory reaction with
neutrophilic gastritis that ultimatg manifestations of the infection
This process is mediated by host fac nterleukinl, 2, 6, 8, and 12; interferon
gamma; tumor necrosis fai(fr-a, T uﬂﬁ ytic cells that is mediated

stomach tissues. These factc reactive oxygen species and

inflammatory cytokines cause 1'I)Jury of epithelial cell (126). H pylori additionally appears to

increase the rate of rﬁu ﬁgﬁnﬁﬂlﬂaﬁaﬂkﬁ\ﬂmmsm (127).
9 RIAINIUNRIINYINY
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10. Clinical Manifestations

The clinical outcomes of H. pylori infection vary from asymptomatic chronic gastritis,
chronic H. pylori associated dyspepsia, peptic ulcer disease, gastric adenocarcinoma and

mucosal associated lymphoid tissue lymphoma

Sy

Non-ulcer dyspepsia (N@)-ﬁ-comnl) hms condition with multifactorial

causes. In the past the presen associate NUD has been found to be 25-

10.1 Non-ulcer dyspepsia

30% (128). The role of 7. i g PEPLIC S _.ptoms remains unclear and
controversial. Recent met 190 | (129) and" Jaakkimainen (130) have

indicated that dyspepsia is i ed if H ylori is eradicated. Of note, many dyspeptic

bias :
trials comparing the eradication of H" vith placebo or alternative pharmacological

treating non-ulcer dyspeptic Eﬁtl S

ﬂUﬂﬂﬂﬂﬂiWﬂﬁﬂ‘ﬁ

10.2 Chronic gastritis

me 2 1N 1) UAANENAL, e

presence of gastnc mucosal inflammation. The activity of the inflammation is correlated
with the presence of virulence factors (cagd PAI and vacA) in the organism. On pathology
basis, long standing chronic inflammation represents loss of glands which are named atrophy
and ultimately intestinal metaplasic change. This occure mostly in the antrum, less in the

corpus and cardia. Inflammation and development of atrophy worsen particularly in the
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corpus upon acid suppressant therapy (132). H. pylori gastritis and particularly, subsequently

atrophic gastritis increase the risk for gastric carcinoma on a multifactorial basis.
10.3 Peptic ulcer

With circumstantial evidence and with Koch’s postulates arguably fulfilled for a
e (PUD) the combination weight of all
an infectious disease. That PUD
in the abum-ﬁﬂ pylorz infection should not be

direct link between H. pylori and peptkc:i ’
evidence leads to the unequivocalqu

also occurs as a result of othe?
misinterpreted as casting doubt o

€ n H. pylori and most cases of

The two major causes lori infection and the use of
non-steroidal anti-inflammatory' ients not taking NSAIDs, the
eradication of H. pylori leads to 1 hronic peptic ulcer disease. Data
have been conflicting regarding 1nter” pylori and NSAIDs, but in a meta-

analysis, H. pylori infection and NSMﬁs*‘havé a gistie effect on increasing the risk of
o £

peptic ulceration and ulcg ---——--:::-———v—-—-—-f --------------- t al (135), reported from
Hong Kong that for patlents v ith dyspepsia . tic ulcer who require long-
term NSAID treatment, screemng and treatment for H. pylori mfectlon significantly reduced

the risks of an ulcer;FjvT}xEt m‘[rgj EF&T ﬁ‘ecommendatlon in the
Masstricht 2-2000 sensus Repo panel of mainly European experts that H. pylori
R SANNT
»
| g8y

10.4 Gastroesophageal reflux disease

Chronic H. pylori infection involving the corpus with cagAd positive appears to
decrease the risk of reflux disease because of its interference on gastric acid secretion.

Decrease of acid secretion due to corpusitis and ammonia related neutralization can be



27

considered as the equivalent of chronic intake off a mild acid suppressant (132). Removal of
this acid inhibition may unmask reflux disease. Some investigators propose not to treat H.
pylori infection in order not to aggravate the tendency of reflux disease and esophageal
columnar metaplasia. However, the risk of gastric adenocarcinoma related H. pylori
infection is higher than the risk of esophageal malignacy in noninfected hosts. In routine

practice, it is inconclusive at the present time to eradicate H. pylori in patients with gastro-
Al

Considerable controv?egajiin ionship between H. pylori and
esophagus. H. pylori is relatively 1 i ageal reflux disease (GERD), and

esophageal reflux disease.

generally supported this hypothesi§ (137}-a e'be f eradicating H. pylori lower risk
'y ‘
of peptic ulcer discase and distal':

0 stric cancer probably outweigh and
potentially harmful esophéseal consequences. . -
\ .

Aj%
|

Atropic gastrifis ﬁ; AWW e ecancerous conditions
for gastric cancer. %E:Ea!:n?carcmdma armd 0 H. pylori gastritis, most of this
gastritis is atrophie 4 ICIQS ﬂi‘ cﬁ: ibits, intesti etaplasia as an
underlying zgqcﬁ :j;ia ﬁlﬁtﬁ ij:ﬁfhl ﬂm E’]‘he relationship

between gastric cancer and atrophic gastritis of the automimmune type suggests that the

10.5 Gastric adenocarcino?'&

presence of H. pylori is not necessary for the development of gastric malignancy in atrophic
gastritis, but H. pylori is the key phenomenon in the triggering of the gastritis related process

and the subsequent carcinogenic events.
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Recently, 119 gastric cancer cases were reported from Thailand (139). The most
common age group was 22-91 years and the most common site of the cancer was the antrum
followed by lessor curvature and greater curvature. The histological section revealed that 68

percent of cases had adenocarcinoma mention the incidence of H. pylori infection.

Up to 50% of all H. pylori-infected individuals will progress some way down the pre-

neoplastic sequence of histological c@ | tric cancer (140), although fewer than
2% will develop a frank maligna eral irulence-associated genes have been
found in Western pOPMatlon?matd w ased risk of gastric cancer and
pre-cancerous lesions. However, ihe exte ionship varies considerably across

diseases. A major advan arstandi | enesis of H. pylori was the

demonstration that the gas

dependent on cytokine gene pg

Subsequent studies fro that IL-1B polymorphisms do
contribute to the gastric acid secret . pylorz infection and subsequently to
clinical sequelae. These 3tcomes range 'ﬁ‘mﬂ, ﬂrspectrum hypochlorhydria
and atrophic gastritis with ';;-:-»--.-;-..---.-;—---.--;_:- ‘ofher end, high acid secretion

and duodenal ulcer disease @12;‘

|
In an unpo nuug 63 ﬂlﬁpﬁ 0 aTﬁlch) genotyped a large

population with chronic gastritis and gastri c cancer for polymorphisms of the genes for both

AN N (TR 4 1 I
Combinatori q si normous (up to
90-fold) difference in the risk of gastric cancer, depending on particular mixtures of H. pylori

virulence and host genetic factors, thus demonstrating the importance of considering both H.

pylori and host genetics in gastric cancer risk assessment.
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The cellular and molecular mechanisms linking H. pylori to inflammation and gastric
cancer. In vitro, H. pylori interferes with the host cellular machinery that normally limits
DNA damage through mismatch repair mechanisms (145). Chronic H. pylori infection is
also associated with increased gastric cell turnover, probably of importance in malignant
transformation. Increased gastric cell proliferation (but not increased apoptosis) may be
related to the babA2 adhesin of H. pylori (146). In related work, strains of H. pylori carrying
the cag pathogenicity island (PAI) wel ) g E e antiapoptotic, through a pathway

involving nuclear factor kappa

H. pylori may cause the ab@n
cells. / i/

Treatment of H. pylori i in gast ‘ crease the inflammation of

y modulating gastric cell cycling
preneoplastlc gastric epithelial

gastric mucosa, apoptosis and i e % 148 ‘Mthe present time in order to

The association betv‘; n . pylori was postulated for the first

time in 1988 with the recogni ﬂ;on that chronic mfectlon of H. pylori is the cause of acquired

gastric MALT lyﬁhﬂaﬂ’? tﬂeﬂnﬂ?wﬁl 1) a?v::u lymphomas is

consohdatmg r@tatlon of d-A-gene appears to the pathogene51s :
disease. EE tastasis, gastric
MALT lymphomas should be eligible for initial attempt at H. pylori cure(149).

The regression of gastric low-grade MALT lymphomas after H. pylori therapy occurs

in most cases. A small case study of seven such patients who refused further management

(surgery, radiation or chemotherapy) showed that they came to no harm with a watch-and-
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wait strategy over approximately 3 years’ follow-up (150). Further verification by following
a larger group of patients over a longer period with suitable control groups would be

important for clinicians managing such patients.

In a murine model of H. pylori-induced MALT lymphoma that faithfully reproduces
almost all of the histological features of the human malignancy, Mueller et al (151).

understanding of the molecula nanis; v M@agenesis in humans.
11. Virulence factors of llpy/ ‘ :

Colomzatlon faptor Dlsease-assoaated factor

UﬁTﬂﬂ?ﬂEﬂSWﬁWﬂ‘i

q BN Ialim ANt

Internalization




31

Colonization factors such as urease, motility, and adhesins are particularly important
because they are potential targets for anti-H. pylori therapy and also help us understand the

bacterial interaction with the host and gastroduodenal mucosa.

11.1 Urease

H. pylori urease is important i of the microenvironment immediately

surrounding it and for optimal s sm in the gastric mucosa. The role

of urease may not be the solefactorm: - Qm from acid. Urease converts
urea, of which there is an abundaat Supply in stomach (from saliva and gastric juices), into
bicarbonate and ammonia whi | “This s a could of acid neutralizing

negative H. pylori isolates €a e and infect|a im osts (153), emphasizing other

factors except urease, may be €s
11.2 cagA gene
= _,.ﬂ"'-"‘-‘-l-' *

The cytotoxm-aSSﬁlated gene 1”(ca§2f ) located on the right end of cag PAI

serves as the marker for |';¥r_.‘:':;':“:':::: d (Figure 1). the cu 7 PAI is an approximately 40

kb genomic region that coﬁms 25 to. an toﬁxcrease inflammation and for

secretion of v1ru1ence-assocul1'ted gene products The express cagA gene product, CagA, is

h‘g“‘ym““%e"ﬂuﬁ’ﬂf]ﬂﬂ‘ﬁ“ﬂﬂ’]ﬂ’i
e mat’ﬂmm{;[ i (b1 e

transmission from another species. Carriage of the cag PAI is associated with the induction
of a more severe inflammatory response and, in Western populations, with disease states
(peptic ulcer disease and gastric cancer). The relationship between cag carriage and disease

is much less clear-cut in the devloping world, where almost all strains are cag-positive(154).



32

The cag PAI comprises approximately 30 open reading frames, including several that
form a type IV secretory apparatus capable of transferring bacterial products directly into
gastric epithelial cells. Subsequently, the modulation of epithelial cell signal transduction
pathways results in the activation of inflammatory cascades and other events of potential
importance in pathogenesis. Many studies have shown that the CagA protein is associated
with more severe clinical diseases. Infection with H. pylori strains possessing the high
density of cag4 gene could cause 1ncvﬂr inflammation by inducing interleukin 8

cad

formation (132) and may be relat duodenal ulcer and gastric cancer

(155-157).
11.2.1 Biological activity o/

One bacterial protei 1 o vitheli Is is the immunodominant CagA
protein, which is then tyrosi ﬂ— by i Src homology 2-containing
tyrosine phosphatase (SHP2) : sma membrance and activates
downstream pathways (158). Th ylation of CagA by Src family tyrosine
kinases is itself downregulated by p_j _ agA (159) leading through cortactin
dephosphorylation to actﬂl rearrangeﬁrénf‘ -' ﬂesultmg in a ‘spreading’
morph010gy in the AGS gastric-epitheirat-celi-tine-—This chang fe-13 believed to be important

horylated CagA inhibits Src
activation (159), but the pathwgy may be indirect, through stlmulatlng C-terminal Src kinase

activity and 1nact1vzﬂgﬂ Ihermore the ectopic
over-expression of CagA induces apoptos1s thro the ac 1vat10n of SHP2 (160). CagA may

petr ::mmmﬁmmmﬁ N

resistant to tyrosme phosphorylation can also increase cell proliferation by interacting with
Grb2 and the Ras/MEK/ERK MAP kinase pathway (161) involved in the induction of
abnormal proliferation and movement of gastric epithelial cell, a cellular condition

eventually leading to gastritis and gastric carcinoma.
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Figure 1. Schematic representation of the ez -_-'-:';.. 25). The cag integration site within the
glutamate racemase gene i sha ). cag V@ RF s are represented by
arrow (b). Yy b Y}

U

ﬂUEl’JVIEJV]ﬁWEﬂﬂ?
ammmmummmaﬂ



34

11.3 vacA gene

All H.pylori strains contain a copy of the toxin gene, vacA. The vacA gene of H.
pylori encodes a multimeric exotoxin producing endosomal vacuoles in epithelial cells. H.
pylori strains expressing the high activity forms of VacA are associated with an increased risk
of ulcer disease. This had been thought to be due to the ability of VacA to bind to gastric
epithelial cell receptors and, after 1nteqm{m1 endocytic vacuoles and cell death.
However, mice deficient in protel &eceptor type Z incorporate VacA
and demonstrate vacuolization ‘Kw o%lonstrate vacuolization but do

not develop ulcers (162). Vac

: w?*‘"ﬂ -

toxin “ hat predicted for the protoxin

indicates that a 33-ammo : * amino-terminal signa is Cleaved during the process

of VacA secretion (Figure vacliolation in vitro, for primary

human gastric epithelial cells eg;posed to hlgh does of toxin that occur cell death (164). VacA

is a secreted protey.ﬁ)ﬁﬁ {g ﬁ) WEI ?al erosion observed in
cells by in

infected hosts. It cau@ vacuolar degeneratlon ering with intracellular
membrance lﬁ-ﬁ late endosome
compartment T@ﬂﬁimmwno E[q;j'& pate-dependent
proton pump and the small guanosine triphosphate-binding protein Rab7(165). There are two
alleles (m1 and m2) of a 300 - amino acid region containing the cells binding domain of
VacA, which have different target cells specificities. Only the m1 form is toxic on Hela cells

in the standard assay of vacuolization (42, 166). However, both of them are active on primary

gastric cells. It is not clear why this functional polymorphism has evolved, but it may reflect
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human genetic polymorphism, because the m1 form is predominant in western, Korean and

Japanese isolates, whereas the m2 form is found in 75 % of Chinese isolates (35, 167, 168).

Vacuolating cytotoxin gene, vacA

—» Signal region
ypes sl or s2

Signal peptide p37 frag j - \\ ell-associated protien

]

"y
g Cytotoxin gene, vacA and protein,

ﬂ‘IJEJ’J‘VIEJ'VﬁWEﬂﬂi
amaﬁnimumqwmaa

Figure 2. Schematic represent Mation o
VacA (42).
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11.4 iceA gene

iceA is a gene that is induced by contact with the epithelium. The iceA gene encodes a
protein of 178 amino acids with a MW of 20.6 kDa. To investigate iceA diversity, the primers
for iced were used to amplify genomic DNA form the gastritis strain J178. The longest
possible ORF in this region of J178 strain predicted a protein of 59 amino acids, and the
sequence in the J178 strain was designa Iw e published genome sequence of H.

pylori strain 26695 was shown to co % /Th ot iceA2 (64). Recently, a novel H.
pylori gene iceA was identified fo M r&gﬂlaﬁon on contact with gastric
epithelial cells (45). iced exists+as two-disti , -5&',"-41 and iceA2 (Figure 3), and
only iceAl RNA is induced fe ‘ '

“H. pylori iceAl demonstrated
strong homology to a restrici® ia lactamica (169), and in
vivo carriage of H. pylori icéA be associated with peptic
' owever, linkage between the
iceA genoype and ulcer disease i o maybe population dependent.

logy to known and its structure

J,rﬂ"f ¢

reveals patterns of repeated protem caﬁé’ﬁ‘es Recently, the genetic organization and sequence

Interestingly, iceAl positive ated “with peptic ulceration and

et al.(44) reported that the

iceA allelic type w ﬂﬁ M there was significant

association betwe ﬂrﬁ (ﬁlﬂﬂe I Va gj Sﬁuﬂaﬁlc ulcer disease. In

contrast, Yamaoka et ’alhéS) demonstrated that no significant associatiom between iceAl and
lu

el ouchhe el B ok bl s i v s

that iceAd is assoc1ated with gastroduodenal disease has been subsequently tested in many

e s
increased mucosal concentr;ons of IL-8. Similary, van Doon

studies.
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iceA gene structure

CysE iceAl hpylM

,,,,,,

Figure 3. Schematic represen

]
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12. The Association between genes cagA, vacA and iceA in H. pylori and clinical

outcome

During the past decade, cumulative evidence supports virulence genes associated with

clinical outcome. However, the results are still controversial and varied between each ethnic

group.
12.1 cagA gene

The cagA gene located a __Qgenicity island that contains
approximately 30 genes, en desatho/Cagh pi in molecular mass between

120 and 140 kDa (22, 23).

variable number of repeated

ibuted to the pressence of a
e gene (22, 23, 172, 173).

Previous reported that the seque the 3 region of gene form isolate in Western
countries demonstrated cag4 type 2'a tries demonstrated cagA4 type 1 a
(23,174)

The presence of geng ociated with clinical outcome
mainly in Western countneqjln ¢t al; demonstrated that cagd was

strongly associated with peptlg,ulcer disease. The cagA gene was present in 63(67 %) of 94

cases (P = 0. 0019) m e prevalence of cagA
positive in duodenal q]cer patients (94 ¢ ﬂwas highly mgmﬁcartlftr Ee};ter than in those with
non-ulcer ip ﬁfﬂpresence of the
cagA gene)ﬂaj@:leﬁnﬁﬁ jmuﬁpq‘l ﬁﬁ:l 0.006) (176).
Moreover some experiment demonstrated the importance of gene cagA positive are
associated with DU prevalence (177). On the other hand, reports from other geographical

regions like Asian and some Latin American countries have found no association between the

presence of cagd and clinical outcome of H. pylori infection (26, 35, 154, 178, 179).
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Rencenly reported in Turkish population suggested that there is a significantly positive

association between cagd gene and peptic ulcer disease (29).

12.2 vacA gene

In 1995s to 2004 many authors reported the vacA gene. The vacA gene which

W

encodes the vacuolating cytotoxin is

secreted by H. pylori that induces
80). Previous studies permitted a
anﬁ(m) regions, which exist as sl or

e resence of vacAsl reported to

vacuolation in the human ep1the11

)

comprehensive description of thewaed sig)

s2/m2 strains do not produce act1ve v
',.p-"'u A .vr_ ;
finding (22, 176, 185). T}Bprevalence of the'dif 4 allﬂe

pylori isolates from diffetent regions. AT srevalence of v +/ sl allele and its uniform

distribution among the variou dlS ases has be . Aﬂan countries (167).

Many studleﬂdﬂ)ﬂrata ﬁﬂwﬁ Wﬂﬁl und predominant in

patients with peptic ulcer or non- cer yspeps1a in Europe such as Portugal, UK, Netherland,
AN MY T ek |1 )
China, Japan j n CJ et al, the

results showed that specific vacA genotypes of H. pylori strains are associated with the level

s has been reported in H.

of in vitro cytotoxin activity as well as clinical consequences (38). In the Brazilian study from
Minas Gerais reported in 1998, it was found a prevalence of 94% for the s1 vac 4 allele-
harbouring H. pylori isolates in patients with DU much higher than the 54% found in
patients with gastritis and thus an association of sl allele with DU (190, 191). Recently,
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previous studies in Brazil demonstrated that there was a strong association between the
genotype cagA-positive vacAsl and PUD. However, logistic regression anlysis showed that
the vacAs1 the only predictive factor for PUD that support the hypothesis of virulent strains

may protect against the development of gastroesophageal reflux disease(171).

In contrast, several reports revealed that there was no association between vac4 status
and clinical outcome. Studies in Chile % , e presence of allelic variant s1 vac4

alone do not have a predictive \{t}l&\\

Chilean population (192), similar us 'ﬁudimfferent countries, Yamaoka et
reval \U}Kand clinical outcome (35). In

onstrated that the presence of vacA is not a

0

T AR

patients was higher than ths oup th }:‘Q not statistically significant
associated with PUD (P>0.

severe gastric pathologies in the

al. have found no relationship be

addition, previous studies 1n

predictive marker for peptic ulc gh vacA positivity in ulcer

Korean patients that supports sorted the resilts showed that most H. pylori in Korea
el
carry vacA gene, but vacA genes ‘ e w th-peptic uleer in the Korean patients (34).

12.2.1 vacA s region A

Previous studies sh?,j{e&' ; A gﬂlotype were predominant in

strains from Western countrie% whereas vac4 slc tlj highly prevalence strains from East Asia

(39, 182). A high ﬂw ol‘zhﬁl ‘ m] t regions in the world
(38, 167), similar t6 ‘previous studies 1nmmm®omt subtype sla exists in
all strain ( ontra: i $ dicsai T rican countries
demonsuat:ﬁhmaﬁnﬂﬁmmjz m;%i ious studies in

patients living in Portugal and Netherlands demonstrated that the majority of Portuguese

strain (72%) contained the s1b allele, whereas most of the Dutch strain (61%) contained type
sla. This highly significant difference is observed the NUD and the ulcer patients (186).
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In spite of the efforts in the past decade to prove association of the infection by vacA
genotype H. pylori strains and the development of a specific disease, the finding were not
conclusive (27, 195).

12.2.2 vacA m region

region may be still underestimated,

especially in relation to the nuclee ide seque middle region. The data did not
indicate any vacA m genotype ZSESiEnfc Q;s previously described (196).
Interestingly, the previous stud d that the presence of vacA mla and m2a

The relationship betwe cer remain controversial even
though this genotype has been ¢ 1 outcome (196). Recently, previous
studies demonstrated that vacd sl, s more frequently in H. pylori from
gastric cancer than from bﬂgn , , he fi equently of iceA1 and cagA
did not differ among the gre g indicated that the vacA4

s1,m2 genotype was associated gression analysis suggested

that this genotype could be d\ie to a higher prevalence of the vacA sl allele among patients

thwdm“ﬂwﬁ“uﬁ m zm's WeIN?
oﬁmﬁ“ﬁmmmﬂﬁ R

type 2a and vacA sla/mlc genotypes, whereas strains from East Asia predominantly

possessed cagA type 1a, vacA slc/m1b, or m2b genotype (174, 182).
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12.5 iceA gene

The iced contains two main allelic variants, iceAl and iceA2 of which iceAl is
associated with peptic ulcer disease (44, 45). Previous studies demonstrated that icedl
expression was found to be significantly related to the host mucosal response in United states
and Holland (182, 198). However, the iced/ genotype was not associated with peptic
ulceration in Japan, Korea, Columbia, gz (Texas) and India (35, 184, 199). In

addition, previous studies demon

ained with from Dutch, Japanese
and Korean patients ice42 was detected in their population (35,
186, 199). Interestingly, previous,stidi€s 7 1, the United State 45) and the Netherlands (44)
have demonstrated a strong assocCiafl ctwheh oA A eptic ulcer disease. Previous
studies demonstrated that '

Netherlands, 22% in Col

age of prevalence 15% in

4, 46). It is possible that the

high prevalence about 40% ofmixec 555 n$ in peptic uleer disease patients may obscure
any potential relationship betwe the e.. Furthermore, Kidd M et al (46)
reported a strong relationship be acA s region and iceA alleles.

According to pri:jousf represented the positive
association between gen ;_.”3 f:; outcome. However, some

controversy results were alﬁ reporte _- n four different countries by

Yamaoka et al.(35) show rio‘.s'igliﬁcant association genes cagd, vacA and iced between

st {1 INYNTNYINT
AMIANITUNNIINYAY
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Table 5. Positive association between genes cag4, vacA and iced of H. pylori and clinical

outcome
Author (Reference number) | Country Specificity P value
Atherton et al. (43) USA Significant association between P<0.05
vacA sla and clinical outcome
van Doorn et al. (44) Netherland Significant association with cagA , vacAsl P=10"
genes i; vacA sl and iceA iceA P=0.0042

e “.w’,?/ ly to lead
| \ o uloet di€ca
—

Pan et al. (168) P>0.05

Ito et al. (167) P=1.0

Wang et al. (189) P<0.05
Warburton et al. (175) cagA P<0.0001

vacA s1 P=0.049

Celik et al.(187) P>0.05
Stephen et al.(176) UK | Significant associa cagA P=0.006
genes cagA,vacA sl and vacA s1 P=0.01
clinidaloutcome
L1lakak:
ignifi ociation-between! [V P <0.0001

¢ genes vacA sI and

o/
) NN 8
1 £ L ) a_&
ignificant association between vacA s1,m1 P=0.005

genes cagA,vacA s1,ml cagd P=0.01
and gastric cancer
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Table 6. Positive association between genes cagd, vacA and iceA of H. pylori and clinical

outcome
Author (Reference number)| Country Specificity P value
Yamaoka et al.(35) four No association between genes cagA , iceA P>0.6
different cagA , vacAand ice4 status vacA P>0.7
and clinical outcome
Ashour et al. (199) gene iceAl status P>0.05
Miehlke et al.(197) enotype is P<0.05
Ribeiro et al.(171) cen the P=0.001
sl and
Bulent et al.(29) P<0.01
Kidd et al. (46) A and peptic iceA P<0.01
bination analyses of
alleles supported
A S
Kim et al.(34) rea | 4 es P>0.05
| ' and iced s
¢ and peg_’c tic ulcer disease
Faundez et al.(19ﬁi I ¢ | ' ml  P=0.035
U
= W
Saribas: 3 of the c. 1?45&1 WT r P <0.0001
3 associated Wit th o
vacA sla genotype and clinical outcome
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