
DECLARATION


I hereby declare that this dissertation is written by me and that it is an authentic record of my work. No part of this work has been submitted anywhere in any form for the award of a Diploma, Certificate or Degree.

    -------------------------------




----------------------------

    TATSA WAMBEA LANDRY


             

       Date

CERTIFICATION

This is to certify that the dissertation “Prevalence of macrocytic anaemia in individual infected with H. pylori “is an authentic record of work carried out by Tatsa Wambea landry under supervision in the Catholic School of Health Sciences, Shisong as part of the requirements of the award of a Diploma in Medical Laboratory technology (MLT).

---------------------------------




----------------------------

Mr. NGWANUE WILFRED



          
    
Date



(Supervisor)

---------------------------------




----------------------------

Mr. NDIYUN DONATUS WISHI   




Date

   

   (Director)

DEDICATION

[image: image19.jpg] Description:
Normally colored.

— Shape:
Flexible biconcave, discoid shape. Non-nucleated cell, no Golgi's
complex, centriole or lysosomes.

" E B EEEAS

" EEEEEEE®

Staining method:
May-Grinwald/Giemsa
Microscope: Light
Magpnification: 1:1000

Size:
7-85 ym

H EE EEEESEEESNEEEEEEN

-





ACKNOWLEDGEMENT

[image: image20.jpg]O

L

@ Chronolab AGH

.—u—.;—u’—u—..—u—"r—u—u



  
USEFUL ABBREVIATIONS

	Abbreviations
	Meaning

	H. pylori
	Helicobacter pylori

	Normo.Normo
	Normocytic normochromic

	Macro
	Macrocytic

	Micro.hypo
	Microcytic hypochromic

	MALT
	Mucosa-Associated Lymphoid Tissue

	NSAID
	Non Steroid Anti-Inflammatory Drug

	 GERD
	Gastroesophageal Reflux Disease

	PPI
	Proton Pump Inhibitors

	AID
	Anti-inflammatory drug


ABSTRACT
Objective: The objective of this study was to find out whether there is a high prevalence of macrocytic anaemia in subjects infected with Helicobacter pylori and to compare the prevalence of macrocytosis caused by Helicobacter pylori with other causes. 

Subjects and methods: A total number of 289 subjects were included in the study. The subjects were between 14-82 years of age and included all those who came to the laboratory for Helicobacter pylori test. Helicobacter pylori infection was considered positive on the basis of positive serology, blood was collected from a suitable vein and a thin blood film was stained using Wright’s stain and observed for the presence of macrocytic cells, microcytic cells or normocytic cells, the haemoglobin content was estimated by the thickness of the central pallor of the red cells.
Results: There was no significant difference in the prevalence of macrocytosis caused by Helicobacter pylori and the prevalence of macrocytosis due to other causes, (α 0.05 df 33 T calculated 0.118). Helicobacter pylori infection had a percentage prevalence of 18.89% and had no significant effect on Red Blood cell sizes (X2cal = 0.003019 df = 2 P = 0.05).
Conclusion: Helicobacter pylori infection was found to cause no significant changes in red cell sizes and there is no significant differences between the prevalence of macrocytosis caused by Helicobacter pylori and other causes. 

                                                              RÉSUMÉ

Objectif: L'objectif de cette étude était de savoir si il ya une forte prévalence de l'anémie macrocytaire chez les sujets infectés par Helicobacter pylori et de comparer la prévalence de macrocytose provoquée par Helicobacter pylori avec d'autres causes.
Sujets et méthodes: Un total de 289 sujets ont été inclus dans l'étude. Les sujets étaient entre 14-82 ans et inclus tous ceux qui sont venus au laboratoire pour le test d’Helicobacter pylori. L'infection à Helicobacter pylori a été considéré comme positif sur la base d'une sérologie positive, le sang a été prélevé d’une veine convenable et un frottis sanguin a été coloré avec le colorant de ‘Wright’ et observé la présence de cellules macrocytaires, les cellules microcytaires ou des cellules normocytique, le contenu hémoglobine a été estimé par l'épaisseur de la pâleur centrale des globules rouges.
Résultats: Il n'y avait aucune différence significative dans la prévalence de macrocytose provoquée par Helicobacter pylori et la prévalence de macrocytose due à d'autres causes, (α 0,05 df 33 T calculé 0,118). Helicobacter pylori infection avaient une prévalence de pourcentage de 18,89% et n'a eu aucun effet significatif sur la taille des globules rouges (X2cal = 0,003019 df = 2 P = 0,05).

Conclusion: L'infection à Helicobacter pylori a été trouvée pour causer aucun changement significatif de la taille des globules rouges et il n'y a aucune différence significative entre la prévalence de macrocytose provoquée par Helicobacter pylori et d'autres causes.
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Chapter one

1.0 INTRODUCTION
Macrocytic anaemia is a blood disorder where the red blood cells are larger than normal but have low levels of haemoglobin which is needed to carry oxygen throughout the body. (Draper, 2011 ). The condition usually results from a deficiency of vitamin B12 or folate, digestive problems, mal absorption and certain medications which affect folic acid levels. Various rare inherited disorders may also result in macrocytic anaemia e.g. Lesch-Nyhan syndrome. Severity and range of symptom may vary depending on the underlying condition, (Adam, 2010)
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Anaemia is usually defined as a haemoglobin level of at least 2 standard deviations below the mean for that age and sex. By this definition, 2.5% of a normal population will be classified as anaemic. The figures are usually taken as below 13g/dL for men and below 
12g/dL for women. Children have lower haemoglobin than adults. (Lippincott et al, 2001) As a general rule, macrocytosis occurs when there are problems with the synthesis of the red blood cells, as in vitamin B12 or folic acid deficiency. Broadly subdivided into megaloblastic and non-megaloblastic (based on appearance of developing erythroblasts in the bone marrow and on blood results) (Shaun, 2011). 
Figure 1: Blood picture of Macrocytic anaemia
It has been known for more than a century that bacteria are present in the human stomach (Bizzazero G, 1893). These bacteria, however, were thought to be contaminants from digested food rather than true gastric colonizers. About 20 years ago, Barry Marshall and Robin Warren described the successful isolation and culture of a spiral bacterial species, later known as Helicobacter pylori (Warren J R and Marshal B J, 1983), from the human stomach. Self-ingestion experiments by Marshall and Morris and later experiments with volunteers demonstrated that these bacteria can colonize the human stomach, thereby inducing inflammation of the gastric mucosa (Warren et al). Marshall developed a transient gastritis after ingestion of H. pylori; the case described by Morris developed into a more persistent gastritis, which resolved after sequential therapy with first doxycycline and then bismuth subsalicylate. These initial data strongly stimulated further research, which showed that gastric colonization with H. pylori can lead to variety of upper gastrointestinal disorders, such as chronic gastritis, peptic ulcer disease, gastric mucosa-associated lymphoid tissue (MALT) lymphoma, and gastric cancer. This knowledge had a major clinical impact with regard to the management of these diseases. In addition, the persistence of a pathogen in an environment long thought to be sterile also resulted in insights into the pathogenesis of chronic diseases. This discovery resulted in the awarding of the 2005 Nobel Prize in Physiology or Medicine to Robin Warren and Barry Marshall for their “discovery of the bacterium Helicobacter pylori and its role in gastritis and peptic ulcer disease”. 
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Figure 2: Helicobacter pylori invading epithelial cells.
The number of peer-reviewed publications on Helicobacter has rapidly increased, from less than 200 in 1990 to approximately 1,500 per year over the last few years (PubMed, 2001). Despite this wide attention important issues, such as the transmission route of H. pylori, are still poorly understood. Although the prevalence of H. pylori in the Western world is decreasing, gastric colonization by H. pylori remains widespread in the developing world. Infection with H. pylori can be diagnosed by a variety of tests and can often be successfully treated with antibiotics. Unfortunately, the increase in antibiotic resistance is starting to affect the efficacy of treatment, and, in spite of the impact of H. pylori, preventive vaccination strategies still do not exist. A better understanding of H. pylori persistence and pathogenesis is thus mandatory to aid the development of novel intervention and prevention strategies. This review focuses on the pathogenesis of H. pylori infection, with emphasis on its microbiological aspects and how it causes Gastritis which may leads to macrocytic anaemia.
1.1 BACKGROUND HISTORY

It is well known that a variety of conditions are often accompanied by a morphologic blood picture resembling, and often indistinguishable from the blood picture of pernicious anaemia. Conspicuous among these conditions are instances in which the intestinal tract is involved in some disease process. This study was undertaken to determine, if Helicobacter pylori could be a causative agent of macrocytic anaemia.
The first case in which pernicious anaemia probably was secondary to an intestinal disturbance was reported by White, in 1890. At necropsy, ulcerative and cicatricial lesions were found in the colon (Faber, 1895).

From the past years, several investigators had reported the presence of spiral microorganisms in the stomachs of animals (Bizzazero G, 1893). Soon afterward, similar spiral bacteria were observed in humans (Krientz w, 1906 et al), some of whom had peptic ulcer disease or gastric cancer. The etiological role of these bacteria in the development of peptic ulcer disease and gastric cancer was considered at the time, and patients were sometimes even treated with high doses of the antimicrobial compound bismuth (Pel K, 1899). This possibility was later discarded as irrelevant, probably because of the high prevalence of these spiral bacteria in the stomachs of subjects without any clinical signs. The bacteria observed in human stomachs were thus considered to be bacterial overgrowth or food contaminants until the early 1980s. At this time, Warren and Marshall performed their ground breaking experiments, leading to the identification of a bacterium in 58 of 100 consecutive patients, with successful culture and later demonstration of eradication of the infection with bismuth and either amoxicillin or tinidazole. The organism was initially named “Campylobacter-like organism,” “gastric Campylobacter-like organism,” “Campylobacter pyloridis,” and “Campylobacter pylori” but is now named Helicobacter pylori in recognition of the fact that this organism is distinct from members of the genus Campylobacter (Goodwin C and Amstrong J et al). It soon became clear that this bacterium causes chronic active gastritis, which in a subset of subjects may progress to other conditions, in particular, peptic ulcer disease, distal gastric adenocarcinomas, and gastric lymphomas (Ernst PB, 1990).
1.2 STATEMENT OF THE PROBLEM

In recent years H. pylori infections have been incriminated as the leading cause of gastritis and stomach cancer, which lead to impaired absorption of folate and vit B12 by parietal cells of the stomach resulting to a change in peripheral blood picture (Johannes G. Kusters, 2006), investigating the peripheral blood picture of subjects in association with H. pylori infection can be a diagnostic tool for H. pylori infection or gastritis.
1.3 RESEARCH QUESTION AND HYPOTHESES

Is there a high prevalence of RBC macrocytosis in subjects infected with H. pylori?
HYPOTHESES

Null Hypothesis: there is a low prevalence of RBC macrocytosis in subjects infected with Helicobacter pylori.
Alternate Hypothesis: there is a high prevalence of RBC macrocytosis in subjects infected with H. pylori.
1.4 OBJECTIVES

1.4.1Main objective

· To create or raise awareness on the prevalence of macrocytic anaemia in subjects infected with H. pylori.
1.4.2 Specific objectives
· Determine the prevalence of Macrocytic anaemia in subjects visiting the hospital for H. pylori test
· To compare the prevalence of macrocytosis caused by Helicobacter pylori with other causes.
· To help evaluate the effect of H. pylori infection on red blood cell size.
1.5 RELEVANCE OF THE STUDY

The outcome of this piece of work will help to:

· Intensify and modify the strategies used in the health education of our patients and the population of the area.
· Properly diagnosed, treat and manage patients with Helicobacter pylori infection, Gastritis, and Macrocytic anaemia.

· Know the most common causative agent of Gastritis and Macrocytic anaemia and modify strategies to control them.
Chapter two

literature review

2.1 GASTRITIS
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Gastritis is an inflammation, irritation, or erosion of the lining of the stomach. It can occur suddenly (acute) or gradually (chronic). Its major cause is Helicobacter pylori infection. (Webmd, 2012)

   Figure 3: A; Endoscopic view of Gastritis       B; biopsy 

2.1.1 CAUSES OF GASTRITIS

Gastritis can be caused by irritation of the stomach lining due to excessive alcohol abuse, chronic vomiting, stress, or the use of certain medications such as aspirin or other anti-inflammatory drugs. It may also be caused by any of the following:

· Helicobacter pylori (H. pylori): A bacteria that lives in the mucous lining of the stomach. Without treatment the infection can lead to ulcers, and in some people, stomach cancer.

· Bile reflux: A backflow of bile into the stomach from the bile tract (that connects to the liver and gallbladder).

If gastritis is left untreated, it can lead to a severe loss in blood and may increase the risk of developing stomach cancer.
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Figure 4: Cross Section of the Stomach Lining 

2.1.2 Signs and Symptoms of Gastritis?

Symptoms of gastritis vary among individuals, and in many people there are no symptoms. However, the most common symptoms include:

· Nausea or recurrent upset stomach

· Abdominal bloating

· Abdominal pain 

· Vomiting

· Indigestion 

· Burning or gnawing feeling in the stomach between meals or at night

· Hiccups

· Loss of appetite

· Vomiting blood or coffee ground-like material

· Black, tarry stools

2.1.3 Diagnosis of Gastritis

The diagnosis of gastritis can be grouped into clinical and laboratory diagnosis

A) Clinical diagnosis
· The physician will perform a thorough physical examination while considering the signs and symptoms.

· Upper endoscopy. An endoscope, a thin tube containing a tiny camera, is inserted through the mouth and down into the stomach to look at the stomach lining. The doctor will check for inflammation and may perform a biopsy, a procedure in which a tiny sample of tissue is removed and then sent to a laboratory for analysis.
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Figure 5: upper endoscopy
· X-ray of your upper digestive system. Sometimes called a barium swallow or upper gastrointestinal series, this series of X-rays creates images of your esophagus, stomach and small intestine to look for abnormalities. During the X-ray, you swallow a white, metallic liquid (containing barium) that coats your digestive tract and makes an ulcer more visible.
B) Laboratory Diagnosis
· Serological identification of antibodies (IgM) against H. pylori for gastritis due to H. pylori

· Fecal occult blood test (stool test). This test checks for the presence of blood in your stool, a possible sign of gastritis.

2.1.4 Treatment of Gastritis

Treatment of gastritis depends on the specific cause. Acute gastritis caused by NSAIDs or alcohol may be relieved by stopping use of those substances. Chronic gastritis caused by H. pylori infection is treated by eradicating the bacteria. Most gastritis treatment plans also incorporate medications that treat stomach acid in order to reduce signs and symptoms the patient is experiencing and promote healing in his stomach. This can be summarised as:
· Taking antacids and other drugs to reduce stomach acid, which causes further irritation to inflamed areas.

· Avoiding hot and spicy foods.

· For gastritis caused by H. pylori infection, your doctor will prescribe a regimen of several antibiotics (amoxicillin, clarithromycin (Biaxin), metronidazole (Flagyl) and tetracycline).plus an acid blocking drug: omeprazole (Prilosec), lansoprazole (Prevacid), rabeprazole (Aciphex), esomeprazole (Nexium), dexlansoprazole (Dexilant) and pantoprazole (Protonix).
· If the gastritis is caused by pernicious anemia, B12 vitamin shots will be given.

· Eliminating irritating foods from your diet such as lactose from dairy or gluten from wheat.

Once the underlying problem disappears, the gastritis usually does, too.
2.2 HELICOBACTER SPECIES
2.2.1 Genus Description and Phylogeny of H. pylori
The genus Helicobacter belongs to the subdivision of the Proteobacteria, order Campylobacter ales, family Helicobacteraceae. This family also includes the genera Wolinella, Flexispira, Sulfurimonas, Thiomicrospira, and Thiovulum. To date, the genus Helicobacter consists of over 20 recognized species, with many species awaiting formal recognition (Fox. J. G, 2002). Members of the genus Helicobacter are all microaerophilic organisms and in most cases are catalase and oxidase positive, and many but not all species are also urease positive.
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                                          Campylobacterales
[image: image26.png]Pattern of Gastric Duodenal Acid Clinical
gastritis histology histology secretion condition
Chronic
inflammation Normal * Reduced Gastric ulcer
Atrophy Gastric cancer
Intestinal
metaplasia
Pan-gastritis
Chronic Gastric
inflammation metaplasia * Increased Duodenal ulcer
Polymorph activity Active
chronic
inflammation
Antral-

predominant




[image: image27.jpg]


[image: image28.jpg]



[image: image29.jpg]


[image: image30.jpg]RED BLOOD CELL MORPHOLOGY

Hemoglobin Red cell
Size variation |distribution _| Shape variation Inclusions distribution
Normal Hypochromia | Target cell | Acanthocyte | Pappenheimer bodies | Agglutination

o‘,, . ; (sieroic granues)
Microcyte . | Spherocyte *Heimet celi | Cabot's ring
: 02 1 (iragmented cel) °

Macrocyte Ovalocyle 1 Schistocyte | Basophilic stippiing | Rouleaux
° : 3 ragmented col)
Oval macrocyte
Q'@ o
Hypochromic | Bl _
macrocyte | Poyehromasia | Sickis celf Crystal formation
.00 =y
(Reticulocyte)

Copyright 2009 F. A. Davis Company  wwuw.fadavis.com



       Campylobacteraceae                                 Helicobacteraceae
        Campylobacter
[image: image31.png]180 & 180

160

=)
S

S
8

= Normocytic Normochromic

Population
o
g
2

= Macrocytic anaemia

2
3

= Microcytic anaemia

=
S

w0
S

4 1

>l

o

H. pylori positive H. pylori negative
Test Result



[image: image32.png]250

200

Frequency
-
o
8

g

29

Normocyti
Normochromic

= On anti-inflamatory therapy

Macrocyticanaemia  Microcytic anaemia

= Not on Anti-inflamatory therapy



[image: image33.jpg]


[image: image34.jpg]


[image: image35.jpg]


[image: image36.jpg]


                                                                                                                                                                                                                                                        

[image: image37.png]B, transcobalamin
complex

Transcobalarin I
/

Wesenteric |

Eptthelial cels
of terminal leum (

\>Z‘

Tleum

iamin B, fobalami)

Epichelal cels

P ENETET RS




[image: image38.png]Duodenalicer  Stomac uker

Stomach gancer



                                           Helicobacter Wolinella Thiovulum   Flexispira    Sulfurimonas

      H. pylori   H. helmannii    H. felis       H. mustelae   H. rodentium   H. acynomyches

Helicobacter species can be subdivided into two major lineages, 

· The gastric Helicobacter species and

· The enterohepatic (non-gastric) Helicobacter species. 

Both groups demonstrate a high level of organ specificity, such that gastric helicobacters in general are unable to colonize the intestine or liver, and vice versa. An extensive review of non-pylori Helicobacter species is available (Sommer F et al 2001), and here we briefly discuss those Helicobacter species that are either associated with human disease. 
Table I: Characteristics of selected Helicobacter species

	Species
	Primary mammalian host
	Pathology

	Gastric Helicobacter species

	H. pylori
	Human, primate
	Gastritis, peptic ulcer disease, gastric adenocarcinoma, MALT lymphoma

	H. felis
	Cat, dog, mouse
	Gastritis in natural host; may cause peptic ulcers or gastric adenocarcinoma in mouse

	H. mustelae
	
Ferret
	Gastritis, peptic ulcer disease, gastric adenocarcinoma, MALT lymphoma

	H. acinonychis
	
Cheetah, tiger, other big cats
	Gastritis, peptic ulcer disease

	H. heilmannii
	Human, dog, cat, monkey, rat
	Gastritis, dyspeptic symptoms, MALT lymphoma

	Enterohepatic Helicobacter species

	H. hepaticus
	
Mouse, other rodents
	Proliferative typhlocolitis, hepatitis, hepatocellular carcinoma


2.2.2 Enterohepatic Helicobacter species. 

Enterohepatic Helicobacter species colonize the lower gastrointestinal tract, including the ileum, colon, and biliary tree of humans and other mammals. They cause persistent infections, which are associated with chronic inflammation and epithelial cell hyper proliferation that can lead to neoplastic disease, and are associated with human hepatobiliary disease. The group of enterohepatic Helicobacter species consists of many different species, differing in morphology, ultrastructure, growth conditions, and the presence or absence of the urease virulence factor. Only one of these species has been more than superficially characterized, the murine pathogen H. hepaticus, and is discussed here.

The enterohepatic pathogen H. hepaticus infects rodents, in which it may cause chronic active hepatitis, hepatic tumours, and proliferative typhlocolitis. It was initially isolated from a colony of male A/JCr mice with a high incidence of hepatitis and hepatic cancer. Subsequently it was shown that several inbred strains of mice were susceptible to hepatic lesions after infection with H. hepaticus. In addition, many commercially available mouse strains were shown to be naturally infected with H. hepaticus.

Although it was first identified in the liver, the primary site of H. hepaticus colonization is the intestinal tract; it has not been found in the stomach. In immune competent mice, infection with H. hepaticus results in mild intestinal inflammation, but in immune deficient and SCID mice, infection with H. hepaticus leads to severe colitis, typhlitis, and proctitis, which resemble lesions found in animal models of inflammatory bowel disease. H. hepaticus is among several Helicobacter species identified in rodents with disease of the hepatobiliary or intestinal tracts, including H. bilis, H. muridarum, and H. trogontum. In a recent study, mice were fed a lithogenic diet and were co infected with H. hepaticus and Helicobacter rodentium. These mice developed cholesterol gallstones at 80% prevalence by 8 weeks, suggesting a link between infection with enterohepatic Helicobacter species and gallstone formation. In comparison, this association is not found when these mice are infected with H. pylori. H. hepaticus infection of mice can be treated with antibiotics, and this result in resolution of lesions associated with the infection.

H. hepaticus is morphologically similar to Campylobacter species, with bipolar sheathed flagella. It is urease, oxidase, and catalase positive and grows on most standard H. pylori growth media, including β-cyclodextrin-supplemented media. Growth conditions are similar to those employed for H. pylori, and selective antibiotic supplements used for H. pylori can also be used for isolation and subsequent cultivation of H. hepaticus. Although it has been well established that infection with H. hepaticus causes diverse diseases in rodents, relatively little is known about its mechanisms of virulence. Several putative virulence factors of H. hepaticus have been identified, including the cytolethal distending toxin (CDT) and a potent urease enzyme, but mutational analysis demonstrating the role of these virulence factors in colonization or hepatic diseases is available only for CDT. Recently, the complete genome sequence of H. hepaticus was determined, and this revealed the presence of a potential PAI, coined HHGI1. Furthermore, H. hepaticus is also genetically amenable by both electroporation and natural transformation, albeit to a lower efficiency than H. pylori and other gastric Helicobacter species. Taken together, this makes H. hepaticus an attractive organism for elucidation of the molecular mechanisms involved in adaptation to the enteric and hepatic niches and of the mechanisms of enterohepatic pathogenesis.

2.2.3 Gastric Helicobacter species. 

Gastric Helicobacter species have adapted to the inhospitable conditions found at the gastric mucosal surface, and it is currently thought that the stomachs of all mammals can be colonized by members of the genus Helicobacter. All known gastric Helicobacter species are urease positive and highly motile through flagella. Urease is thought to allow short-term survival in the highly acidic gastric lumen, whereas motility is thought to allow rapid movement toward the more neutral pH of the gastric mucosa; this may explain why both factors are prerequisites for colonization of the gastric mucosa. Upon entry, gastric Helicobacter species display urea- and bicarbonate-mediated chemotactic motility toward the mucus layer (Dr. Molewaterplein, 2006). The spiral morphology and flagellar motility then assist in penetration into the viscous mucus layer, where the more pH-neutral conditions allow growth of the gastric Helicobacter species.

(i) Helicobacter felis. 

The spiral-shaped Helicobacter felis was first isolated from the stomach of a cat and was later also found in dogs. Subsequently designated H. felis, it was probably also the Helicobacter species originally described by Bizzazero in 1893. H. felis is one of the Helicobacter species with zoonotic potential. It has a helical morphology with typical periplasmic fibres, which can be used for microscopic identification. H. felis requires high humidity and can only poorly, if at all, be cultured on standard growth media used for the culture of H. pylori. H. felis is highly motile; on agar plates it does not really form colonies but rather grows as a lawn (Molewaterplein, 2006).

The significance of H. felis in gastric disorders of cats and dogs is somewhat unclear, since there is no clear association between canine and feline gastritis and H. felis infection. It is therefore possible that H. felis comprises part of the normal gastric flora in cats and dogs. In contrast, H. felis has been used in murine models of Helicobacter infection, where it can induce gastritis, epithelial cell proliferation, and apoptosis. Murine infection with H. felis results in a mononuclear cell-predominant inflammatory response in the gastric corpus that may progress to atrophic gastritis.

There is at present little information available about the virulence genes, physiology, or metabolism of H. felis, since H. felis is only poorly amenable to the genetic techniques used for H. pylori. The bacterium contains a urease gene cluster resembling that of other gastric Helicobacter species, as well as two flagellin genes (flaA and flaB). The latter genes have been inactivated, and this resulted in truncated flagella and reduced motility. Mutation of flaA also resulted in the inability to colonize a murine model of infection.

(ii) Helicobacter mustelae
The ferret pathogen H. mustelae was isolated shortly after H. pylori and was originally classified as Campylobacter pylori subsp. mustelae. It was subsequently shown to have characteristics different from H. pylori and was later classified as H. mustelae. H. mustelae is a relatively small rod, which has multiple polar and lateral sheathed flagella. Interestingly, H. mustelae is phylogenetically closer to the enterohepatic Helicobacter species, based on its 16S rRNA gene sequence, urease sequences, and fatty acid profile, but to our knowledge H. mustelae has not been implicated in enteric colonization in ferrets.

The ferret stomach resembles the human stomach at both the anatomical and physiological levels, and gastritis, gastric ulcer, gastric adenocarcinoma, and MALT lymphoma in ferrets have all been described. H. mustelae infection is very common in ferret populations, and this suggests that H. mustelae is a member of the resident flora of the ferret stomach. H. mustelae shares many virulence factors with H. pylori, including a urease enzyme, motility, and molecular mimicry of host blood group antigens. Ultra structural studies have shown that H. mustelae adheres intimately to gastric epithelial cells in a manner that closely resembles the adherence of H. pylori. H. mustelae also induces an autoantibody response similar to that observed in H. pylori-infected humans.

The similarities between these two natural infections suggest that H. mustelae infection of the ferret is a suitable model to characterize the role played by Helicobacter virulence factors in vivo. H. mustelae is also amenable to genetic manipulation; thus, H. mustelae is an interesting candidate for investigation of the role of Helicobacter virulence factors in the natural host. This will be aided by the ongoing determination of the complete genome sequence of H. mustelae.

(iii) Helicobacter acinonychis
H. acinonychis, a pathogen of cheetahs and other big cats (formerly named Helicobacter acinonyx), is currently the closest known relative to H. pylori and has been suggested to have diverged from its last common ancestor (H. pylori) only relatively recently. The presence of H. acinonychis is associated with chronic gastritis and ulceration, a frequent cause of death of cheetahs in captivity. Furthermore, eradication treatment of H. acinonychis led to the resolution of gastric lesions in tigers, similar to the effect of antibiotic treatment of H. pylori infection. H. acinonychis is susceptible to antibiotic therapy, as used for H. pylori infection, and utilizes similar mechanisms for antimicrobial resistance.

H. acinonychis is genetically amenable, by techniques similar to those developed for H. pylori, and H. acinonychis shares several virulence factors with H. pylori but contains only a degenerate copy of the vacA gene and lacks the cag pathogenicity island. Recently, mouse-colonizing strains of H. acinonychis have been described; this should allow further comparisons of the pathogenic properties of H. acinonychis, as well as comparison with the pathogenesis of H. pylori infection. Furthermore, the pending release of the complete genome sequence of H. acinonychis will give further insight into the evolutionary relationship between H. acinonychis and H. pylori.
(iv) Helicobacter heilmannii
The diverse species H. heilmannii was originally designated Gastrospirillum hominis and is a Helicobacter species with a wide host range. It has been isolated from several domestic and wild animals, including dogs, cats, and nonhuman primates, and is also observed in a small percentage of humans with gastritis. In the latter, colonization may reflect a zoonosis, as there is an association between colonization with this bacterium and close contact with dogs and cats carrying the same bacterium. Its morphology resembles that of H. felis, but H. heilmannii lacks the periplasmic fibres.

Human H. heilmannii infection may result in gastritis and dyspeptic symptoms, and in sporadic cases even in ulcer disease, but the inflammation is usually less marked than in H. pylori-positive subjects and may be spontaneously transient. In a mouse model of infection, different H. heilmannii isolates of both human and animal origin were able to induce gastric B-cell MALT lymphoma. Characterization of this Helicobacter species is difficult, since it has not been successfully cultured in vitro, and it may be necessary to make a further subdivision of the species H. heilmannii. Recent phylogenetic analyses have led to the proposal of the species designation “Candidatus Helicobacter heilmannii,” but this is mostly based on 16S rRNA and urease sequence analyses and thus awaits further confirmation.
v) Helicobacter pylori 

H pylori is a spiral-shaped Gram-negative urease producing bacterium, measuring 2 to 4 μm in length and 0.5 to 1μm in width. Although usually spiral-shaped, the bacterium can appear as a rod, while coccoid shapes appear after prolonged in vitro culture or antibiotic treatment. These coccoids cannot be cultured in vitro and are thought to represent dead cells, although it has been suggested that coccoid forms may represent a viable, non culturable state. The organism has 2 to 6 unipolar, sheathed flagella of approximately 3μm in length, which often carry a distinctive bulb at the end. The flagella confer motility and allow rapid movement in viscous solutions such as the mucus layer overlying the gastric epithelial cells. In contrast to many other pathogens of the gastrointestinal tract, it lacks fimbrial adhesins.

 It is found in the gastric antrum and in areas of gastric metaplasia in the duodenum. H.pylori is found in greatest numbers under the mucus layers in gastric pits, where it adheres specially to gastric epithelial cells (Johannes G. Kusters, 2006).
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Figure 6 : a and b
(a) Organisms (arrowed) are shown on the gastric mucosa
(cresyl fast violet (modified Giemsa) stain). Courtesy of Dr Alan Phillips, Department of Paediatric Gastroenterology, Royal Free Hospital.

(b) Scanning electron microscopy, showing the spiral-shaped bacterium.

2.2.4 Epidemiology
The exact mode of transmission is unclear, but intra-familial clustering suggests person-to-person spread, either oral-oral or faeco-oral mainly in childhood. The prevalence of H. pylori is high in developing countries (80-90% of the population) and its presence is associated with lower socio-economic status world-wide. Between one- and two-thirds of the western populations have this infection and the prevalence is high in the older population presumably acquired in their childhood when hygiene was less good than today.

Figure 7:% prevalence of H. pylori infection World Wide
2.2.5 Mechanism of action of Helicobacter pylori
The pathogenicity and mechanism of action occurs in three steps:

Attachment:
The Helicobacter pylori enter the stomach and attach to the protective mucus lining of the stomach wall. The bacteria are able to survive in the strongly acid environment of the stomach because they excrete the enzyme urease which neutralized the acidic environment of the stomach by converting urea into the basic ammonia and buffer bicarbonate. Inside the mucus lining of the stomach wall, the bacteria cannot be killed by the body’s immune system.

Toxin production:
The Helicobacter pylori produce toxins such as vaculating cytotoxin A (VAC A) that cause the cells in the lining of the stomach to die. This allows the bacteria to better access of nutrients as it decreases the competition from stomach lining cells. 
Cell Invasion:
The bacteria invade the protective inner lining of the stomach so that they can be protected from immune system. The bacteria then kill the cells that they invade which creates holes in the mucus lining of the stomach, causing the formation of ulcers. Additionally, the substances released by the bacteria during the invasion, hurt the stomach cells ability to absorb calories from food in the stomach, (Charles A. Janeway Jr. et al.  2005).

2.2.6 Pathogenesis

H. pylori infection produces gastritis mainly in the antrum of the stomach. The mucosa appears reddened endoscopically, and histologically there is epithelial cell damage from local release of cytokines such as IL-6 and IL-8. This leads to recruitment and activation of an inflammatory infiltrate in the lamina propria. This consists of polymorphonuclear leucocytes, eosinophils, lymphocytes, monocytes and plasma cells. In some individuals this chronic superficial gastritis can involve the body of the stomach and this leads to atrophic gastritis. Intestinal metaplasia, which is a pre-malignant pathological change,
2.2.7 Clinical Aspects of H. pylori-Associated Diseases
Colonization with H. pylori is not a disease in itself but a condition that affects the relative risk of developing various clinical disorders of the upper gastrointestinal tract and possibly the hepatobiliary tract. Testing for H. pylori therefore has no relevance by itself but should be performed to find the cause of an underlying condition, such as peptic ulcer disease, or for the purpose of disease prevention, such as in subjects with familial gastric cancer. In these cases, a positive test result justifies treatment and a negative test result may indicate the need to search for other etiologic factors or preventive measures. For these reasons, a correct understanding of the clinical course of H. pylori-associated disorders and the effect of H. pylori eradication is needed.

2.2.8 Disease Types

Although gastric colonization with H. pylori induces histologic gastritis in all infected individuals, only a minority develop any apparent clinical signs of this colonization. It is estimated that H. pylori-positive patients have a 10 to 20% lifetime risk of developing ulcer disease and a 1 to 2% risk of developing distal gastric cancer. The risk of development of these disorders in the presence of H. pylori infection depends on a variety of bacterial, host, and environmental factors that mostly relate to the pattern and severity of gastritis.
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Figure 9: Schematic representation of the factors contributing to gastric pathology and disease outcome in H. pylori infection.

Acute and chronic gastritis. 

Colonization with H. pylori virtually always leads to infiltration of the gastric mucosa in both antrum and corpus with neutrophilic and mononuclear cells. This chronic active gastritis is the primary condition related to H. pylori colonization, and other H. pylori-associated disorders in particular result from this chronic inflammatory process.
(i) Acute gastritis

Data on the acute phase of infection are scarce and largely come from reports of subjects who deliberately or inadvertently ingested H. pylori or underwent procedures with contaminated material. Recently, a human challenge model for H. pylori infection was introduced; it allowed controlled studies of the acute phase of infection with deliberate infection of healthy volunteers with a well-characterized laboratory strain of H. pylori. Together, these reports showed that the acute phase of colonization with H. pylori may be associated with transient nonspecific dyspeptic symptoms, such as fullness, nausea, and vomiting, and with considerable inflammation of both the proximal and distal stomach mucosa, and pangastritis. This phase is often associated with hypochlorhydria, which can last for months. It is unclear whether this initial colonization can be followed by spontaneous clearance and resolution of gastritis and, if so, how often this occurs. Follow-up studies of young children with serology or breath tests suggested that infection may spontaneously disappear in some patients in this age group; this has not been observed in adults other than under specific circumstances, such as development of atrophic gastritis. However, studies of homozygotic twins showed a concordance in their H. pylori status irrespective of whether they had grown up together or apart. Such a concordance was not observed among heterozygotic twins. This suggests that some individuals are prone to H. pylori colonization while others may be able to prevent colonization or clear an established infection. This hypothesis is also supported by the observation that in many developing countries the level of exposure to H. pylori is very high (≥90%) at young ages and yet some individuals never develop persistent H. pylori infection.

(ii) Chronic gastritis
When colonization does become persistent, a close correlation exists between the level of acid secretion and the distribution of gastritis. This correlation results from the counteractive effects of acid on bacterial growth versus those of bacterial growth and associated mucosal inflammation on acid secretion and regulation. This interaction is crucial in the determination of outcomes of H. pylori infection. In subjects with intact acid secretion, H. pylori in particular colonize the gastric antrum, where few acid-secretory parietal cells are present. This colonization pattern is associated with an antrum-predominant gastritis. Histological evaluation of gastric corpus specimens in these cases reveals limited chronic inactive inflammation and low numbers of superficially colonizing H. pylori bacteria. Subjects in whom acid secretion is impaired, due to whatever mechanism, have a more even distribution of bacteria in antrum and corpus, and bacteria in the corpus are in closer contact with the mucosa, leading to a corpus-predominant pangastritis. The reduction in acid secretion can be due to a loss of parietal cells as a result of atrophic gastritis, but it can also occur when acid-secretory capacity is intact but parietal cell function is inhibited by vagotomy or acid-suppressive drugs, in particular, proton pump inhibitors (PPIs). The resulting active inflammation of the corpus mucosa further augments hypochlorhydria, paralleling the acute phase of infection, as local inflammatory factors such as cytokines, including interleukin-1β (IL-1β), have a strong suppressive effect on parietal cell function. This is illustrated by various observations. Firstly, H. pylori corpus gastritis is often associated with hypochlorhydria, and eradication therapy leads to increased acid secretion in these subjects. Secondly, H. pylori corpus gastritis augments the acid-suppressive effects of PPIs. As a result, H. pylori-positive patients with gastroesophageal reflux disease (GERD) may respond somewhat faster to PPI treatment both with respect to symptom resolution and with healing of esophagitis, but this effect is minimal and largely irrelevant in daily clinical practice. This means that there is no general need to take H. pylori status into account when decisions on the dose of PPI treatment for GERD must be made. A third observation in support of the acid-suppressive effects of active corpus gastritis comes from more recent, important research showing that subjects with pro inflammatory genotypes have a higher risk of corpus-predominant pangastritis, predisposing them to atrophic gastritis, intestinal metaplasia, and gastric cancer.

Table II: Description of Gastritis
Acid secretion and the associated pattern of gastritis play an important role in disease outcome in H. pylori infection. Table II displays the correlations between the pattern of H. pylori colonization, inflammation, acid secretion, gastric and duodenal histology, and clinical outcome.

Although colonization with H. pylori is almost invariably associated with the presence of gastritis, and gastritis is mostly due to H. pylori colonization, other causes of gastritis include infections such as cytomegalovirus, chronic idiopathic inflammatory and autoimmune disorders such as Crohn's disease and pernicious anaemia, and chemical damage due to alcohol abuse or non-steroidal anti-inflammatory drug (NSAID) use.

Peptic ulcer disease.

Gastric or duodenal ulcers (commonly referred to as peptic ulcers) are defined as mucosal defects with a diameter of at least 0.5 cm penetrating through the muscularis mucosa. Gastric ulcers mostly occur along the lesser curvature of the stomach, in particular, at the transition from corpus to antrum mucosa. Duodenal ulcers usually occur in the duodenal bulb, which is the area most exposed to gastric acid. In Western countries, duodenal ulcers are approximately fourfold more common than gastric ulcers; elsewhere, gastric ulcers are more common. Duodenal ulcers in particular occur between 20 and 50 years of age, while gastric ulcers predominantly arise in subjects over 40 years old.

Histopathology

Infection with H. pylori results in a typical sequence of events, ultimately resulting in the development of gastric diseases. The sequence depicted in Fig.5 was first suggested by (Correa et al) and has since been supported by many other studies. Colonization of the gastric mucosa by H. pylori first results in the induction of an inflammatory response, predominantly of the Th1 type. The initial acute gastritis is followed by active chronic gastritis, which lasts for life if the infection is not treated. Nevertheless, H. pylori-positive subjects are mostly unaware of this inflammation due to the lack of clinical symptoms.
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Figure 10 :Evolution of Gastritis due to H. pylori
Model representing the role of H. pylori and other factors in gastric carcinogenesis, based on the cascade proposed by (Correa et al; 2003)

This inflammatory response is characterized by an influx of neutrophils, mononuclear cells, and T-helper 1 (Th1) cells, typically aimed at clearing intracellular infections. However, 

H. pylori is not an intracellular pathogen, and thus the Th1 response results in epithelial cell damage rather than in the removal of H. pylori. The continuous production of reactive oxygen species that results from the ongoing inflammation.

2.2.9 Diagnosis of Helicobacter pylori infection

Non-invasive methods

· 13C Urea breath test: this is a quick and easy way of detecting the presence of H. pylori and is used as a screening test. The measurement of 13CO2 in the breath, after ingestion of 13C urea, requires a mass spectrometer, which is expensive, but the test is very sensitive
Ingest 13C-urea  

Biopsy of antral mucosa, 

Rapid
Urease test -Histology Culture
(For breath test) 
Figure 11:  Metabolism of urea by Helicobacter pylori showing the different tests that are available for the detection of H. pylori.
 (97%) and specific (96%). The breath test is also used to demonstrate eradication of the organism following treatment (Hatakeyama, 2002).

· Serological   tests   detect   IgG   antibodies   and   are reasonably sensitive (90%) and specific. They are used in the diagnosis and in epidemiological studies. IgG titres may take up to 1 year to fall by 50%  after eradication therapy and therefore are not useful for confirming eradication or the presence of a current infection. Antibodies can also be found in the saliva,
but tests are not as sensitive or specific as serology.

· Stool test. A specific immunoassay using monoclonal antibodies for the qualitative detection of H. pylori antigen is widely available. The overall sensitivity is 96% with a specificity of 97%. It is useful in the diagnosis of H. pylori infection and for monitoring efficacy of eradication therapy. (Patients should be off PPIs for 1 week but can continue with H2 blockers.)

Invasive Method (endoscopy)
· Rapid urease test. Gastric biopsies are added to a urea solution containing phenol red. If H. pylori are present, the urease enzyme splits the urea to release ammonia which raises the pH of the solution and causes a rapid colour change.

· Culture. Biopsies obtained can be cultured on a special medium such as campylobacter agar, and sensitivities to antibiotics can be ascertained.

· Histology. H. pylori can be detected histologically on routine (Giemsa) stained sections of gastric mucosa obtained at endoscopy.

A- Growth requirements. 

A key feature of H. pylori is its microaerophilicity, with optimal growth at O2 levels of 2 to 5% and the additional need of 5 to 10% CO2 and high humidity. There is no need for H2, although it is not detrimental to growth. Many laboratories utilize standard microaerobic conditions of 85% N2, 10% CO2, and 5% O2 for H. pylori culture. Growth occurs at 34 to 40°C, with an optimum of 37°C. Although its natural habitat is the acidic gastric mucosa, H. pylori is considered to be a neutralophile. The bacterium will survive brief exposure to pHs of <4, but growth occurs only at the relatively narrow pH range of 5.5 to 8.0, with optimal growth at neutral pH.
H. pylori is a fastidious microorganism and requires complex growth media. Often these media are supplemented with blood or serum. These supplements may act as additional sources of nutrients and possibly also protect against the toxic effects of long-chain fatty acids. The latter function may also be performed by more defined medium supplements, such as β-cyclodextrins or IsoVitaleX, or by using activated charcoal. Commonly used solid media for routine isolation and culture of H. pylori consist of Columbia or brucella agar supplemented with either (lysed) horse or sheep blood or, alternatively, newborn or fetal calf serum. For primary isolation but also routine culture, selective antibiotic mixtures are available, although these are not required per se. 
Figure 12: cultural presentation of H. pylori
The often used Dent supplement consists of vancomycin, trimethoprim, cefsoludin, and amphotericin B, whereas the alternatively used Skirrow supplement consists of vancomycin, trimethoprim, polymyxin B, and amphotericin B. Both selective supplements are commercially available. Liquid media usually consist of either brucella, Mueller-Hinton, or brain heart infusion broth supplemented with 2 to 10% calf serum or 0.2 to 1.0% β-cyclodextrins, often together with either Dent or Skirrow supplement. Growth of H. pylori in chemically defined media has been reported, but these are not suitable for routine growth and isolation of H. pylori. Most of the commercially available synthetic media, such as tissue culture media, do not support the growth of H. pylori without the addition of serum, perhaps with the exception of Ham's F-12 nutrient mixture. 
Isolation of H. pylori from gastric biopsy samples is difficult and not always successful. Cultures should be inspected from day 3 to day 14. H. pylori forms small (~1-mm), translucent, smooth colonies. Upon successful subculturing, H. pylori isolates tend to adapt to the growth conditions used in the laboratory. Subsequently, good growth can generally be achieved following 1 to 3 days of incubation when reference strains and laboratory-adapted isolates of H. pylori are used. It should be noted that once a culture reaches the stationary phase, the growth rate rapidly declines, accompanied by the morphological change to a coccoid form. Prolonged culture does not lead to any significant increase in colony size but rather leads to a transition to the unculturable coccoid state. To facilitate optical detection of H. pylori, plates can be supplemented with triphenyltetrazolium chloride (TTC) to a final concentration of 0.004%. In the presence of TTC, H. pylori colonies appear dark red via the reduction of TTC to deep red and develop a golden shine. H. pylori can be stored for the long term at −80°C in brain heart infusion or brucella broth supplemented with either 15 to 20% glycerol or 10% dimethyl sulfoxide, but optimal viability requires the use of cultures less than 48 h old, with more than 90% spiral-shaped cells.

B- Culture of Helicobacter pylori

According to (PubMed, 2006) culture and isolation of Helicobacter pylori on artificial culture is hampered by the lack of reliable and cheap media. In this study, three different types of culture media were evaluated for isolation of H. pylori from clinical specimens. These media included: Modified Thayer-Martin (MTM), Skirrow's campylobacter agar and chocolate agar. Modified Thayer-Martin agar was superior in isolation to others with an isolation rate of 47% (31/66). The size of colonies on this media were larger and clearly defined. Growth was detectable after 4 days of incubation, with a maximum growth after 7 days. Thirty one strains of H. pylori isolated from cases were tested against ten antibiotics (ampicillin, tetracycline, gentamicin, erythromycin, chloramphenicol, nalidixic acid, colistin, kanamycin, sulpharazole and metronidazole) in Mueller-Hinton agar, to determine the minimum inhibitory concentration (MIC). H. pylori was very susceptible to most drugs but resistant to nalidixic acid.

C- Metabolism
H. pylori exhibit a narrow host and target organ range, but infection is usually lifelong. This suggests strong adaptation to its natural habitat, the mucus layer overlying the gastric epithelial cells. As a consequence, H. pylori lack several of the biosynthetic pathways commonly found in less specialized bacteria, such as many enteric bacteria. It has been inferred from genomic comparisons and metabolic studies that H. pylori has a stripped-down metabolic route with very few redundancies and lacks biosynthetic pathways for some amino acids. As a consequence, H. pylori can be grown only in chemically defined medium with the additional amino acids arginine, histidine, isoleucine, leucine, methionine, phenylalanine and valine, and some strains also require alanine and/or serine. H. pylori is urease, catalase, and oxidase positive, characteristics which are often used in identification of H. pylori. H. pylori can catabolize glucose, and both genomic and biochemical information indicates that other sugars cannot be catabolized by H. pylori.

2.3 MACROCYTIC ANAEMIA

2.3.1 Pathogenesis

It is a common finding in the results of an FBC (Full Blood Count) and may or may not be associated with an anaemia. Macrocytosis may occur as a laboratory artefact, perhaps following incorrect storage of the sample. A spuriously raised MCV may also occur due to cold agglutinins, paraproteins as in myeloma, hyperglycaemia or marked leukocytosis. Macrocytic anaemia describes a macrocytosis associated with a reduced haemoglobin and most commonly occurs as a result of a megaloblastic anaemia.

 Macrocytic anaemia can be classified as megaloblastic and non-megaloblastic. Megaloblastic refers to a characteristic abnormality of the erythroblasts in the bone marrow in which the maturation of the nucleus is delayed relative to the cytoplasm. It results from defective DNA synthesis. 

 In patients with liver disease and obstructive jaundice, cholesterol and/or phospholipids become deposited on the membranes of circulating red blood cells, leading to larger than normal cells.
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Figure13: Blood picture of Macrocytic anaemia
2.3.2 Epidemiology

One study founded that the most common cause of macrocytosis was medication (37%), followed by alcoholism (26%). Serum B12 and/or folate deficiency, bone marrow dysplasia and non-alcoholic liver disease each accounted for 6%.

The most common cause of megaloblastic anaemia is pernicious anaemia. The peak age of diagnosis is 60 years with a female to male ratio of 6:1. There is often a family history and it may be associated with other autoimmune disorders.

Vitamin B12 deficiency or folic acid deficiency together account for most cases of megaloblastic anaemia. Vitamin B12 deficiency can be due to disease of the terminal ileum, especially Crohn's disease and other rare causes.
Causes of megaloblastic anaemia

The liver has abundant stores of vitamin B12 and so, if absorption is impaired, it takes 4 or 5 years for deficiency to develop.

Vitamin B12 deficiency due to: 

· Autoimmune Addisonian pernicious anaemia (80%).

· After surgery such as gastrectomy or ileal resection.

· Bacterial overgrowth or parasitic infestation.

· HIV infection.

· Dietary deficiency, which may occur in strict vegans but, even in them, it is rare.

· Pernicious anaemia, which tends to be a disease of the elderly but, rarely, it can occur in the newborn, usually when there is deficiency in the mother.
Figure 14: Mechanism of Absorption of Vitamin B12
Folate deficiency due to: 

· Dietary deficiency.

· Malabsorption.

· Increased demands including haemolysis, leukaemia and rapid cell turnover as may occur in some skin diseases. Macrocytosis but without anaemia will develop in 30% of women in late pregnancy unless they take folic acid supplements.

· Increased urinary excretion occurs in heart failure, acute hepatitis and dialysis.

Drug-induced deficiency includes alcohol, anticonvulsants, methotrexate, sulfasalazine and trimethoprim but they last only if high-dose and prolonged course.
Causes of non-megaloblastic macrocytosis

· Alcohol abuse is a common cause. There may also be folate deficiency due to a poor diet although beer is a good source of folate.

· Liver disease.

· Severe hypothyroidism.

· Reticulocytosis.

· Other blood disorders including aplastic anaemia, red-cell aplasia, myelodysplastic syndromes, myeloid leukaemia.

· Drugs that affect DNA synthesis, such as azathioprine.

2.3.3 Presentation

Macrocytosis per se, does not cause any symptoms or signs but there may be features related to the underlying disease. Mild anaemia may be asymptomatic. Most cases are diagnosed when a blood count is performed as part of an investigation for something other than features of anaemia. People who are older or have coronary heart disease are more likely to suffer symptoms, whilst the young can be remarkably anaemic and not complain.
 Symptoms may include:

· Shortness of breath on exertion.

· Fatigue.

· Palpitations.

· Exacerbation of angina.

· Complaining of looking pale.

· Overt high-output cardiac failure can occur. Physical signs also depend upon the degree of anaemia and may include:

· Pallor. Look at the nail beds and tongue.

· A bounding pulse.

· Systolic pulmonary flow murmur.

The term pernicious anaemia emphasises how slow and gradual is the onset. There are three classic diseases in which the doctor who has known the patient well over the years is at a disadvantage, whilst the new doctor may instantly recognise a 'barn door' diagnosis. They are pernicious anaemia, myxoedema and acromegaly.
2.3.4 Differential diagnosis

Megaloblastic anaemia is not a final diagnosis and a cause for the condition must be sought.

Investigations

· The first investigation is FBC with examination of a blood film.

· This may need to be followed by bone marrow examination to differentiate between megaloblastic and non-megaloblastic anaemia. Usually bone-marrow examination is not necessary unless an underlying haematological disease such as leukaemia is suspected.

· A raised reticulocyte count may indicate rapid turnover of erythrocytes.

· Serum folate levels are readily available but most laboratories offer red cell folate that is more specific.

· Serum vitamin B12 level.

· Abnormal LFTs may suggest alcohol abuse or other diseases.

· As a matter of routine, perform urinalysis, U&E and creatinine. This is because of the association with diabetes and homocystinuria. Homocystinuria can cause haematuria, proteinuria, and mild uraemia.

· A Coombs' test may be required to exclude haemolytic anaemia.

· Perform other tests as may be required from clinical suspicion.
Associated diseases

Pernicious anaemia is commonly found in association with other autoimmune diseases, such as diabetes and hypothyroidism, and patients diagnosed as having pernicious anaemia should be screened for these routinely, both at diagnosis and at annual review.

Vitamin B12 deficiency can also be associated with neurological features but they will not be considered here. There is a three-fold increase in the risk of gastric carcinoma, raising it to 4%.

Folate deficiency in early pregnancy may be associated with neural tube defects.

Defects in vitamin B12 metabolism can be associated with homocystinuria.

2.3.5 Treatment of Macrocytic anaemia

It involves two components:

· Correcting the deficiency that has caused the macrocytosis, with or without anaemia.

· Treating the underlying condition that led to the deficiency.
i) Megaloblastic Short-Term Treatment

Patients who have macrocytic anemia require immediate correction of their vitamin deficiency. If the megaloblastic anemia is due to a folate deficiency, this can be achieved by having the patient take folate supplements daily. A vitamin B-12 deficiency can be somewhat harder to correct, however, and may require daily injections of the vitamin. Rarely, megaloblastic macrocytic anemia is the result of a deficiency in vitamin C, the Mayo Clinic says; these cases can be treated with oral vitamin C supplementation.

ii) Long-Term Control

Patients with a vitamin B12 deficiency may suffer from an underlying disorder that prevents the body from absorbing B12, MedLinePlus says. Long-term management of the associated macrocytic anemia thus depends on treating the cause of the vitamin B12 malabsorption. Vitamin B12 deficiency can be due to a poor diet or such conditions as Crohn's disease or a tapeworm infection. Patients with a B12 deficiency should be evaluated for these conditions to see if the anemia can be corrected without the use of lifelong vitamin supplementation.

iii) Non-Megaloblastic Macrocytic Anemia

Non-megaloblastic macrocytic anemia can be more difficult to treat because it is not caused by vitamin deficiency disorders. Because this condition can be caused by liver disease, patients may need to have blood tests that check the health of the liver. Certain bone marrow diseases, including some leukemias, can also cause non-megaloblastic macrocytic anemia. These can be diagnosed using a bone marrow biopsy; treatment of bone marrow disorders can be complicated, depending on the type of disease present.

2.4 HOW H. pylori CAUSES MACROCYTIC ANAEMIA
Red blood cells are an important component of cellular portion of the blood. They do not contain usual cell organelles and are without nucleus, so they cannot divide and synthesize structural proteins and enzymes. The energy demands are also very low. The red blood cells derive energy from anaerobic glycolysis and hexose monophosphate pathway. Due to these features, the life span of red blood is relatively short and is only 120 days.

Red blood cell synthesis is regulated by many factors, of which erythropoietin, vitamin B12, folic acid, iron, and vitamin C are especially important. Of these factors, vitamin B12 is especially important for maturation of red blood cells. Deficiency of vitamin B12 results in the production of immature red blood cells called macrocytes. This immature production of red blood cells results from defective DNA synthesis.

 Malabsorption plays a major role in the development of different nutritional deficiencies. In this regard, stomach plays very important role especially with respect to vitamin B12. Deficiency of vitamin B12 mostly results from gastrointestinal diseases and gastric surgery that impair secretion of intrinsic factor from parietal cells of the gastric glands. Major problems of the stomach include gastritis that leads to the development of peptic ulcers, gastric lymphomas, and gastric cancers. It has been reported that the most common cause of gastric problems is Helicobacter pylori. The human stomach is regarded as the principal host and reservoir of Helicobacter pylori, Helicobacter pylori produce low grade inflammatory changes in the gastric mucosa that finally lead to either antral gastritis or pangastritis. These changes result in the development of duodenal and gastric ulcers. It is reported that Helicobacter pylori affects red blood cells by causing extragastric complications like vitamin B12 deficiency.

Helicobacter pylori is an organism that is reported to cause deficiency of vitamin B12 by producing gastritis and peptic disease which results in malabsorption of vitamin B12. The exact mechanism of H. pylori induced vitamin B12 deficiency is not known but the suggested mechanisms are that H. pylori first produces either achlorhydria or decreases the hydrochloric acid content of the gastric juice by diminishing secretion of hydrochloric acid (HCl) from the parietal cells of the gastric glands. Secondly, H. pylori neutralizes gastric acidity by producing ammonia from the breakdown of urea that is required for separating vitamin B12 from the dietary sources. Thirdly, H. pylori also cause decreased secretion of the pepsin (a proteolytic enzyme) from the chief (zymogenic) cells of the gastric glands. The above mentioned three factors are necessary for release of vitamin B12 from the food. Fourthly, H. pylori decreases the release of intrinsic factor from the parietal cells of the gastric glands by causing their destruction that is a necessary factor for the absorption of vitamin B12 from the small intestine

CHAPTER THREE

MATERIALS AND METHODS

3.0 STUDY DESIGN


It was a laboratory based prospective diagnostic and experimental study that ran from November 2012 to June 2013, with a sample size of 300 calculated using the Laurenz equation, during this period, all clients coming to the laboratory for Helicobacter pylori test where screened and the blood samples were collected following strict aseptic conditions. A positive sample is that containing antibodies against Helicobacter pylori and the blood picture will either be Normocytic normochromic, macrocytic hypochromic, or microcytic hyperchromic.
3.1 STUDY AREA
 This research was  carried  out at Saint Elizabeth’s  Catholic  General  Hospital and  Cardiac  Centre  Shisong  in  a  village  found  in  Kumbo  East  Health  District.(see map in appendix) 

Kumbo  is  the  head  quarter  of  Bui  division  located  in  the  North  West  Region  of Cameroon.  The area in made up of five quarters, namely, Tymenkan, Mvem-Shisong.  Taa-shwer, Ndzeen-Shwai, Roo -war (KUC). The climate of the area is that of the highland regions of   Cameroon.  There are two seasons, the rainy and the dry seasons.  The dry season runs from November to mid-march with slight variations. Shisong experiences cold hamattan winds in the rainy season.  Temperatures  are  very  low  with  biting  cold  between 6:00pm  and  9:00am  in  the dry season.  The variations  of  the seasons  determine  the type  of  activities  that  are  carried  out  by  the  population.  The  soil  types  in  the  area comprises  of  clay,  sandy,  humus  and  marshy  soils.  Reddish infertile soil abounds on hills. The wide variety of soil types offers a diversity of opportunities to farmers of the area (KUC, 2001) Economic activities in the area include:  Agriculture, petty trading, animal breeding, Nursing, Teaching and small craft works. The main crops cultivated  are cocoyam, maize, beans, plantains, ground nuts, Irish/sweet  potatoes,  bananas and  pepper,  coffee  used to be the  main cash  crop but  is greatly reduced (KUC, 2011). There  are  two  nursery  schools  in  Shisong,  two  {primary  schools,  Three secondary  schools  and  one  higher  Institute  of  health  sciences  (Unpublished information).  The inhabitants of Shisong are mostly Catholic Christians with few Presbyterians, Baptist, Pentecost and Muslims (Budze, 2010). The main dish  in  Shisong is Fufu corn and “Njama-njama” and  the language mostly  used  for  communication  is  the  native’s  language  “Lamnso”  though  Pidgin English,  English  language  and  to  a  lesser  extend  French  are  spoken  (Unpublished information) 

 The  people  of  this  area  believe  that  on  some  particular  days  of  the  week (Native Sundays) one is not allowed to go to the farm and also that their Fon acts as A link between the Ancestors and population (KUC, 2011) 

3.2 ETHICAL CONSIDERATION 

 An authorization letter was obtained from the Government issued by the Divisional officer, the Matron of St.  Elizabeth’s Catholic  General  Hospital  and Cardiac Centre Shisong,  the Director  of  the Catholic School of Health  Sciences Shisong, the  Laboratory  Head  of  the Hospital  and  also  Patients consent were sought and confidentiality of results maintained.

3.3 STUDY POPULATION

All clients coming to the Hospital laboratory for Helicobacter pylori test

3.4 MATERIALS


The following materials were needed:

Equipment:

· Light microscope

· Glass slides and spreader

· Pipettes

· Beaker

· EDTA tubes

· Syringes

· Cotton

· Tissue paper

Reagents:

· Prepared wright stain

· 70% alcohol

· La Croix
· Omo

3.5 METHODOLOGY


The client’s consent was sought, he or she was given a questionnaire to fill with faithfulness, venous blood was collected from a suitable vein following strict aseptic conditions and transferred into an EDTA tube, the blood samples were screened for H. pylori using H. pylori test kits on the principle of serology diagnosis, a thin film was then made with a drop of blood for both H. pylori positive and negative individuals, the blood films were then stained with Wright’s stain and observed under the microscope using the 100X objective

SCREENING FOR H. pylori
Principle


The test device contains a membrane strip which is precoated with H. pylori antigens on the test band region and H. pylori specific monoclonal antibodies on the control band region, the H. pylori antigens-colloid gold conjugate pad is placed at the end of the membrane. When H. pylori specific antigens are present in patient samples, the mixture of colloid gold conjugate, sample and developer buffer moves along the membrane chromatographically by a capillary action, this mixture then migrates to the test band region and forms a visible line as the antigen-antibody-antigen complex forms. Therefore, the formation of a visible precipitation in the test band region occurs when the sample is positive for the H. pylori specific antibodies. 

Procedure:

· Two drops of the sample (60 µL) without air bubbles was dropped on the sample region and allowed to migrate by capillary action
· Results where read immediately as the pink line appeared

· Negative results were confirmed in 15 minutes
Results/interpretation


Negative: only one pink colour band appears on the control region.

Positive: distinct pink colour bands appear at the control and test line regions.

Invalid: no visible band at control region.

Figure 15: results presentation and interpretation of H. pylori test
Procedure for wright stain

· A thin blood film was made on the slide and allowed to air dry

· The blood film was fixed using 70% alcohol

· Approximately 8 drops of the wright’s stain was placed on the slide and allowed for 2 minutes

· Equal volume of distilled water was added to the stain and mix with stain by blowing on the slide

· The smear was Allow to stain for an additional 4 minutes. 

· The slide was Washed thoroughly with distilled water and was allowed to air dry 
· before examination, and the blood picture was reported as follows:
RESULTS


Figure 16: Variation in Red Blood Cell size                                                                                                                                                                    
Figure 17: Variation in Haemoglobin Concentration

CHAPTER FOUR

DATA PRESENTATION, ANALYSIS AND INTERPRETATION

4.0 DATA PRESENTATION
A total of 289 individuals took part in the study (181 females and 108 males), out of which 90 were tested positive for Helicobacter pylori infection, giving a percentage prevalence of 31.14%. Among the 90 positive cases, 17 presented with Macrocytic cells, 4 presented with Microcytic Hypochromic cells and 69 presented with Normocytic Normochromic cells, (figure 14 and 15) giving a prevalence of 18.89%, 4.4%, and 76.67% respectively a summary of the data can be represented on the flow diagram below.


       H. pylori negative

                   
                            H. pylori positive




It is well known that a variety of conditions could lead to macrocytic anaemia, in this study it was found that 35 individuals presented with Macrocytic anaemia giving a prevalence of 12% over 2% in microcytic anaemia (TABLE III). This could be due to Gastritis, alcohol consumption, and certain medication which affect the uptake of Vit B12. 
Table:III Prevalence of Macrocytic anaemia in study Participants
	Total No
	Normocytic Normochromic
	Macrocytic anaemia
	Microcytic anaemia

	289
	249
	35
	5

	Prevalence%
	86%
	12%
	2%
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Figure 19: Prevalence of Macrocytic anaemia in study Participants
The prevalence of macrocytic anaemia according to H. pylori infection (figure 20) reveals that out of the study population, 90 individuals were tested positive of H. pylori, out of them 69 presented with normal cells, 17 presented with Macrocytic anaemia with a percentage prevalence of 18.89%, 4 presented with Microcytic anaemia giving a percentage prevalence of 4.44%. (Table: IV)
This could be due to gastritis caused by H. pylori which lead to impaired absorption of Vit B12 and folic acid which are needed in red cell synthesis, or the deficiency of iron. 199 individuals were tested negative for H. pylori, out of them 18 presented with Macrocytic anaemia with a prevalence of 9.04%, 1 presented with microcytic anaemia with a prevalence of 0.50%. This could be due to other causes of gastritis other than H. pylori, or a deficiency in the factors responsible for red cell synthesis. 

Table IV: Prevalence of Anaemia According to H. pylori infection
	
	Normocytic Normochromic
	Macrocytic anaemia
	Microcytic anaemia

	
	Frequency
	Prevalence/%
	Frequency
	Prevalence/%
	Frequency
	Prevalence/%

	H. pylori positive
	69
	76.67 
	 17
	18.89
	4
	4.44

	H. pylori negative
	180
	90.45
	18
	9.04
	1
	0.50



Figure20: Prevalence of macrocytic Anaemia based on H. pylori infection
Alcohol is known to be one of the causes of gastritis, impaired Vit B12 absorption, which may lead to a defect in red cell. In this study it was noticed that  there is a relationship between alcohol consumption and macrocytic anaemia, although some non-alcoholic individuals presented with macrocytic anaemia, this could be due to other causes of macrocytic anaemia other than alcohol consumption, that is medication and deficiency in Vit B12, 
Table V: Prevalence of Anaemia According To Alcohol Consumption
	Blood picture(
	Normocytic Normochromic
	Macrocytic anaemia
	Microcytic anaemia

	Alcohol consumption (
	Frequency
	Prevalence/%
	Frequency
	Prevalence/%
	Frequency
	Prevalence/%

	Yes
	56
	73.68
	20
	26.31
	0
	0.00

	Sometimes
	112
	93.33
	7
	5.83
	1
	0.83

	No
	81
	87.09
	8
	8.60
	4
	4.30
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Figure 21: prevalence of anaemia based on alcohol consumption
A variety of anti-inflammatory drugs when administered for a long duration may impaired the absorption of Vit B12 and folic acid resulting to macrocytic anaemia, in this study, it is observed that 6 individuals presented with macrocytic anaemia with a prevalence of 16.67%, 30 presented with normal cells, with a prevalence of 83.33%, none presented with microcytic anaemia. Macrocytic anaemia was also observed in individuals who were not on anti-inflammatory drugs, this could be due to other causes of macrocytic anaemia other than anti-inflammatory drug therapy.

Table VI: Prevalence According To Anti-Inflammatory Drug Therapy
	
	Normocytic Normochromic
	Macrocytic anaemia
	Microcytic anaemia

	
	Frequency
	Prevalence/%
	Frequency
	Prevalence/%
	Frequency
	Prevalence/%

	YES
	30
	83.33
	6
	16.67
	0
	0

	NO
	219
	86.56
	29
	11.46
	5
	1.98


Figure 22: prevalence of anaemia according to anti-inflammatory therapy

The main function of stomach acid is to promote absorption of nutrients from ingested food. It achieves them by stimulating certain stomach acids that absorb essential nutrients like proteins, minerals and vitamins from the digested food. However, the neutralizing effect of antacids can deprive the body of essential nutrients. This happens because the stomach acids are no longer able to work efficiently and so absorption of nutrients take a backseat, thanks to too much use of antacids. This can weaken the immune system and make a person susceptible to wide range of infectious diseases, the table above reveals a prevalence of 21.43% for macrocytic anaemia in individuals who were on antacid therapy and 10.53% for individuals not on antacid therapy. The presence of macrocytic and microcytic anaemia in individuals who were not on antacid therapy could be accounted for other causes of macrocytic and microcytic anaemia other than antacid therapy. 
Table VII: Prevalence of Anaemia According To Antacid Therapy
	
	Normocytic Normochromic
	Macrocytic anaemia
	Microcytic anaemia

	
	Frequency
	Prevalence/%
	Frequency
	Prevalence/%
	Frequency
	Prevalence/%

	YES
	33
	78.57
	9
	21.43
	0
	0

	NO
	216
	87.45
	26
	10.53
	5
	2.02
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Figure 23: Prevalence of Anaemia According To Antacid Therapy
4.1 DATA ANALYSIS
As stipulated by (Gillson, 2009), gastritis is amongst one of the common causes of anaemias. It usually may result due to destruction of stomach mucosal cell. Stomach mucosal cells are responsible for the production of intrinsic factor necessary for the absorption of vitamin B12 from the GIT. Deficiency of Vit B12 can lead to macrocytosis. In this study it was observed that macrocytosis was a common finding in study participants with a percentage prevalence of 12.11%. A greater part of this percentage prevalence was seen in individuals who were not infected by H. pylori (51%) than in individuals infected by H. pylori (49%) 

Upon statistical testing using the student t test (for the comparison of proportions) there was no statistically significant difference in the prevalence of macrocytosis in subjects infected by H. pylori and in subjects not infected by H. pylori(α 0.05 df 33 T calculated 0.118). Worth noting is the fact that most of the subjects not infected by H. pylori were either chronic alcohol consumers, on anti-inflammatory drugs or were on antacids which are all stipulated causes of macrocytosis.
	Table VIII: Contingency table for the association of infection with
 H. Pylori and variation in RBC size

	RBC Size
	Infection with H. pylori

	
	Positive
	Negative

	Observed
	 
	 

	Macrocytic
	17
	18

	Normocytic
	69
	180

	Microcytic
	4
	1

	Expected
	 
	 

	Macrocytic
	10.9
	24.1

	Normocytic
	77.5
	171.5

	Microcytic
	1.6
	3.4



Evaluating the effect of H. pylori on red cell size, it was observed that most of the subjects infected by H. pylori presented with normocytic cells, this was statistically significant as there was no association between variation in red cell size and infection with H. pylori using the Chi square independence test (X2cal = 0.003019 df = 2 P = 0.05)
CHAPTER FIVE
DISCUSSION CONCLUSION AND RECOMMENDATION
5.1 DISCUSSION:
Helicobacter pylori infection is regarded as one of the most common infections all over the World and is labeled as the major cause of gastritis and peptic ulcer disease in the patients. It is also suggested to be associated with extra-gastric complications like iron deficiency, vitamin B12 deficiency, and ischemic heart disease. (Fong TL, 1991) Red blood cells are among the most important cells of the body due to their potential role in oxygen and carbon dioxide transport. Vitamin B12 is necessary for the red blood cell maturation (Van Oijen MG, 2004). The deficiency of vitamin B12 results in megaloblastic anemia due to defective DNA synthesis
Helicobacter pylori cause deficiency of vitamin B12 by producing gastritis and peptic disease which results in malabsorption of vitamin B12.  H. pylori does this by producing either achlorhydria or decreasing the hydrochloric acid content of the gastric juice and by neutralizing the gastric acidity by producing ammonia from the breakdown of urea that is required for separating vitamin B12 from the dietary sources. H. pylori also decreases the release of intrinsic factor from the parietal cells of the gastric glands by causing their destruction that is a necessary for the absorption of vitamin B12 from the small intestine (Sohai, 2005)
Controversial picture is also present in literature about the vitamin B12 status in Helicobacter pylori infected cases. (Kaptan et al., 2000) reported low vitamin B12 levels in patients having Helicobacter pylori infection. Similarly, (Serin et al., 2002) found that Helicobacter pylori infection had significant effect on Vitamin B12 level. (Akcam et al., 2007) reported that effect of Helicobacter pylori infection was not significant on both vitamin B12 levels and serum ferritin levels.
Some studies documented no association between Helicobacter pylori infection and vitamin B12 deficiency in elderly people. In patients having microcytic anemia, no difference was observed in red blood cell parameters of patients with or without Helicobacter pylori infection. Many case control reports also documented no relationship between B12 deficiency and Helicobacter pylori infection, Helicobacter pylori infection has not been suggested as the cause of B12 deficiency in alcoholic patients also. No relationship was observed by the Rogers et al, 2003 between Helicobacter pylori, inflammatory changes, degree of gastritis and deficiency of vitamin B12 levels. This present study revealed no statistically significant difference in the prevalence of macrocytosis in subjects infected by H. pylori and in subjects not infected by H. pylori(α 0.05 df 33 T calculated 0.118). Worth noting is the fact that most of the subjects not infected by H. pylori were either chronic alcohol consumers, smokers or were on antacids which are all stipulated causes of macrocytosis.
5.2 CONCLUSION 
It is concluded that there is no statistically significant difference in the prevalence of macrocytosis in subjects infected by H. pylori and in subjects not infected by H. pylori (α 0.05 df 33 T calculated 0.118). There is no significant effect of H. pylori on red cell size for (X2cal = 0.003019 df = 2 P = 0.05).
5.3 RECOMMENDATIONS
Upon carrying out this research, going through difficulties, here are the recommendations
· A similar study should be carry out on a greater sample size and including all the age groups, the source of drinking water, level of hygiene, and the past history of the family on H. pylori infection and macrocytic anaemia.
· A similar study should be carry out on the effect of gastritis on red blood cells, diagnosing the gastritis by endoscopy
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Informed consent form

I am tatsa wambea landry, a final year Medical Laboratory Technology of the CATHOLIC SCHOOL OF HEALTH SCIENCES SHISONG.
Topic: prevalence of macrocytic anaemia in subjects infected with Helicobacter pylori.

Purpose: This is an accademic Clearance exercise that will enable me to obtain a Diploma in Medical Laboratory Technology from the Catholic School of Health Sciences Shisong.

Participation: participation is voluntary, guardians or parents will have to give their consent for participation of their kids.

Specimen collection: venous blood shall be collected from the lower arm of the participant. About 5ml. the procedure shall give you or the participant some minimal pains as they involve breaking the skin with a syringe.

The venepuncture procedure can lead to bleeding in those with bleeding disorders.

Questionnaire/ interview form

Dear participant


I tatsa wambea landry wish to carry out a research on the prevalence of macrocytic anaemia in subjects infected with Helicobacter pylori visiting the saint Elizabeth’s Catholic General Hospital and Cardiac Center Shisong. It will be voluntary, confidentiality of records and participants’ information will not be disclosed to any other person except on authorization of the client in question. For any doubt contact the number below.

Please answer the questions below.

1. Serial number …………………………………………………………………………………….. 

2. Age………………………………………………………………………………………………………

3. Gender (male/female)…………………………………………………………………………

4. Occupation………………………………………………………………………………………….

5. Address……………………………………………………………………………………………….

6. Are you on antacids?  Yes      no      If yes for how long? .......................

7. What is the source of your drinking water?

a) Well                 b) river           spring                c) tap

8. Are you alcoholic? Yes       no
  sometimes take

9. Are you on anti-inflammatory drugs? Yes      No
Laboratory analyst





supervisor
TATSA WAMBEA LANDRY




Mr. Ngwanue Wilfred

Tel: 75317599

RESULT SLIP



CHI SQUARE TEST METHOD OF ANALYSIS

Formula:     
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This formula is used when any of the observed value is less than 5.


Where, 
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· E = Expected value

· O = Observed value
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· Gt= Grand total

· R=Roll

· C=Column

Degree of freedom (DF) = (R-1) (C-1)
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Figure 8: affected stomach and Duodenum





Positive





Negative





Invalid





Microcytic cells





Macrocytic cells





Normocytic cells





NORMOCHROMIC CELLS





HYPOCHROMIC CELLS





HYPERCHROMIC CELLS





Figure 18: Red Blood Cell Morphology
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