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ABSTRACT 
 

Gastric cancer is one of the leading causes of cancer related mortality globally. It 
carries a very poor prognosis with a one-year survival rate of less than 15%. The main 
objective of this study was to investigate environmental, biological and dietary factors 
associated with gastric cancer, and to explore the potential of using blood in gastric juice for 
detection of gastric mucosal lesions through pre-endoscopy screening.  

The study was conducted at the University Teaching Hospital, in Lusaka, Zambia. It 
was a case-control study of patients with histologically confirmed gastric adenocarcinoma (GA) 
or gastric premalignant (GP) lesions as cases, and those without either as controls. 
Questionnaires were used to collect data on basic characteristics and associated risk factors. 
Biological characteristics were measured in gastric juice, blood, urine, and gastric biopsies. 
This was done using enzyme-linked immunosorbent assay, high-performance liquid 
chromatography, immunofluorescence, in situ hybridisation, urine and pH test strips. A 
multiplex serological assay was used to quantify antibodies to thirteen immunogenic 
Helicobacter pylori proteins. Study data were analysed in STATA version 15 (College Station, 
TX, USA). Graphs were prepared in both STATA and Graphpad prism version 7.   

Included for analysis in this study were 388 patients, 92 (24%) of whom had gastric 
tumours seen during endoscopy. Results showed that gastric cancer had similar occurrence in 
both sexes (OR 1.1; 95% CI 0.5-1.9), and 18/92 (20%) of them were below the age of 45 
years. GA disproportionately affected rural (OR 2.9; 95% CI 1.5-5.3) and poor (OR 4.2; 95% 
CI 1.9-9.1) people. The proportion of Epstein-Barr virus (EBV) associated GA was 11% by in 
situ hybridisation, and it was similar between HIV infected and uninfected patients (OR 1.5; 
95% CI 0.02-22). Evidence of microsatellite instability using immunofluorescence for MutL 
homolog 1 was observed in 63% of GA. Patients regularly exposed to biomass smoke were 
more likely to have GA, (p=0.001) and to exhibit evidence of oxidative stress to DNA, (p=0.03). 
The odds of GA in patients with history of regular consumption of processed meat was 7.0; 
95% CI 1.4-34. In patients taking green vegetables daily, the odds were 0.2; 95% CI 0.1-0.5. 
The median estimated 24-hour sodium excretion of 19 g (IQR 14-24 g) by the Tanaka method. 
Aflatoxin M1 was present in the urine of 61% of the patients, with a median; 18 ng/mg 
creatinine (IQR 1.7- 40) ng/mg creatinine, while 96% had ochratoxin A in their blood median; 
0.1 ng/ml (IQR 0.2-0.6 ng/ml). Being Helicobacter pylori (H. pylori) seropositive (determined by 
the presence of at least four antibodies) was not associated with either GA (OR 1.1; 95% CI 
0.5-3.3) or GP (OR 1.9; 95% CI 0.4-17.6). Antibodies to CagA (p=0.0007), VacA (p=0.0006), 
HcpC (p=0.0006) and Omp (p=0.03) were significantly higher in active gastric inflammation 
than in GA. Overall, there was no association between H. bilis or H. hepaticus seropositivity 
and GA or GP. Serological response to four EBV antigens was not associated with GA. The 
presence of blood in gastric juice was associated with gastric cancer (OR 6.7; 95% CI 2-35), 
with a case detection sensitivity of 91% and a specificity of 41% and an area under the 
receiver operating characteristic curve of 0.8; 95% CI 0.7-0.9. 

There was a high proportion of early onset and microsatellite unstable GA, 
disproportionately affecting poor rural residents. Of the infectious risk factors evaluated, H. 
pylori was only associated with active gastric inflammation, but not GA or GP. EBV was absent 
in most of the tumours and HIV showed no influence on gastric carcinogenesis. Environmental 
and dietary risk factors showed greater influence on GA than the infectious agents. Testing for 
blood in gastric juice had high sensitivity but low specificity for gastric cancer detection. Data 
from this thesis can be used to further analyse specific risk factors for each gastric cancer 
subtype and explore the pathophysiological mechanisms involved. 

 
Key words: gastric cancer, gastric premalignant lesions, risk factors, biomass smoke, 
mycotoxins, gastric juice, Zambia 
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1 

CHAPTER 1: INTRODUCTION 

 

1.1 Background 

There is evidence of increasing non-communicable disease (NCD) occurrence in 

sub-Saharan Africa (SSA) but this has been hidden under epidemics of infectious disease 

(Naghavi et al., 2010).  In Zambia, it was estimated that 23% of all deaths in 2016 were 

due to NCDs, which include cancer (ZNHSP, 2017). Zambia is a landlocked, lower-middle 

income country located in sub-Saharan Africa with a total land area of 743,390 km2. It has 

a population of 18,014,127, with 41.7 % of the inhabitants living in urban areas. The 

median age in Zambia is 17.2 years (Worldometers, 2019). 

Gastric cancer is a malignant tumour arising from any part of the stomach 

cardia, fundus, corpus or antrum (Figure 1.1). It has the potential for invasive growth 

or metastasis to regional and distant organs (Stewart et al., 2003). 

 

 
Figure 1.1 Anatomical parts of the stomach 

 

The major type of gastric cancer is adenocarcinoma accounting for more than 

90% of the cases (Peleteiro et al., 2012). Other types include gastrointestinal stromal 

tumours, lymphomas, neuroendocrine tumours, squamous cell and gastric Kaposi’s 

sarcoma. Gastric adenocarcinoma (GA) develops in multiple steps along the Correa 

pathway (Correa et al., 1975). The major trigger is thought to be Helicobacter pylori 
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(H. pylori) infection which results in non-atrophic gastritis, chronic atrophic gastritis 

(CAG), gastric intestinal metaplasia (GIM), dysplasia and then cancer. CAG, GIM 

and dysplasia are therefore, known as gastric premalignant (GP) lesions. In addition, 

other bacterial, environmental and host immune factors are thought to influence the 

progression of these lesions (Correa et al., 2007) rendering the development of 

gastric cancer multifactorial. 

The gold standard for gastric cancer diagnosis is histology of gastric tissue 

obtained either endoscopically or surgically. Endoscopic diagnosis is done by direct 

visualisation of the gastric mucosa during a process called 

oesophagogastroduodenoscopy (OGD). The development of GP lesions is patchy, 

and therefore multiple biopsies from different areas of the stomach are usually 

required to identify these lesions (Figure 1.2). 

 

 
Figure 1.2: Image of the gastric mucosa showing the patchy development of gastric 
premalignant lesions 
*The blue areas are the gastric premalignant lesions while the red spots are an example of where gastric 
adenocarcinoma could start developing. Adopted from Graham et al., 2008 

 

OGD is a widely used technique with very high specificity but low sensitivity for 

detection of early gastric cancer or premalignant lesions. Innovative strategies such 

confocal laser endomicroscopy, narrow band imaging, magnifying endoscopy with 

blue laser have been developed to enhance the sensitivity of OGD (Kimura-Tsuchiya 
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et al., 2017; Zuo et al., 2017; Yoshimizu et al., 2018; Kayamba et al., 2018). 

However, these new techniques are expensive and therefore, cannot be widely 

applied in poor-resource countries such as Zambia.  

The study was conducted at the University Teaching Hospital (UTH) in 

Lusaka, Zambia. UTH is the largest referral hospital in the country with a full time 

endoscopy unit with the capacity to carry out both upper and lower diagnostic and 

therapeutic procedures. Patients seen at UTH are referred from all the ten provinces 

of Zambia. 

Risk factors explored in this study were based on previous observations in 

Zambia (Fernando et al., 2001; Kayamba et al., 2013; Asombang et al., 2014; 

Kayamba et al., 2015) that: 

• the occurrence of gastric cancer was increasing in young adults; 

• there was a high occurrence of early onset gastric cancer; 

• the patient outcomes were poor and  

• gastric cancer was not associated with HIV infection or the virulence factor 

CagA. 

With a paucity of knowledge on gastric cancer from SSA, this study was designed to 

explore probable unique factors that could explain these preliminary observations. 

The study was also set out to identify the parts of Zambia GA patients come from, 

understand their socio-economic status and identify modifiable risk factors 

associated with GA as a strategy for risk reduction. In addition, information was 

collected on referral time frames and a strategy was tested for early case detection. 

Standard laboratory techniques including enzyme-linked immunosorbent assay, high-

performance liquid chromatography, in situ hybridisation and immunofluorescence 

were used to identify various exposures and classify GA subtypes. 



	

4 

This study provides an overview of factors associated with gastric cancer in 

Zambia, and additionally proposing a strategy that could potentially enable early 

gastric cancer diagnosis.  

 

1.2 Statement of the problem 

The outcome of gastric cancer in Zambia is very poor with a mortality of 87% in the 

first year of diagnosis (Asombang et al., 2014). Data from Tanzania, another low-resource 

country showed an overall five-year survival of 6.9% (Mabula et al., 2012). The figures 

from developed countries are slightly better but the overall outcomes are still not good 

with a one-year survival of 41% and a five-year survival of 19% in the UK (Cancer 

Research UK, 2015) and a five-year survival of 24% in the USA (SEER data, 2015). The 

major contributor to poor outcomes is late diagnosis, as most of the cancers are already 

advanced at the time of diagnosis and therefore, only suitable for palliative care. Factors 

leading to delayed gastric cancer diagnosis in Zambia are currently only speculative, as 

the exact point of delay has not been elucidated. There is no programme directed at early 

gastric cancer diagnosis in Zambia due to lack of information on which individuals are at 

risk to allow for targeted screening. The best available method for detecting gastric cancer 

involves use of endoscopic evaluation on asymptomatic individuals. This method is not 

only impractical, but it is unaffordable and requires a great deal of material and human 

resource, both of which are largely unavailable in most parts of the country. It is therefore, 

very difficult to identify individuals with gastric premalignant lesions or early gastric cancer.  

A worrying trend of increasing early-onset gastric cancer cases in Zambia was 

recently reported (Kayamba et al., 2015) but reasons for this observation have not been 

established. Helicobacter pylori (H. pylori) infection is the single most important risk factor 

for gastric cancer (IARC, 1994) but previous work from Zambia did not find any 

association with its virulence factors, particularly cytotoxin-associated gene A (Fernando 

et al., 2001; Kayamba et al., 2013). It is very clear that H. pylori infection alone cannot 

explain gastric carcinogenesis (Amieva et al., 2016).  



	

5 

Gastric cancer is most prevalent among elderly patients throughout the world, but 

in Zambia close to 22% of the cases occurs below the age of 45 years (Kelly et al., 2008; 

Kayamba et al., 2013). This proportion is much higher than that of the UK (4%), the USA 

(6.2%), or Italy (8.5%) (Santoro et al., 2007; Cancer Research UK, 2015; SEER data 

2015). Among African Americans the proportion is slightly higher at 10% (Wu et al., 2006). 

This figure is however, still significantly lower than in Zambia. In Korea, a country with the 

highest incidence rates in the world, gastric cancer is relatively rare before the age of 30 

years (Shin et al., 2011). Using endoscopic records and age specific population figures 

from the Zambia 2010 census of population and housing report (CSO, 2012), the 

incidence of gastric cancer in Zambia was estimated and compared to those of the USA 

and UK. The comparison showed that the incidence of gastric cancer in Zambia is higher 

in the younger age groups (Figure 1.3).  

 

 
    Figure 1.3: Comparison of the estimated gastric cancer incidence in Zambia with the  
    United Kingdom and the United States  
 

Similar findings have been reported from Tanzania (Mabula et al., 2012). There is also 

evidence that the age at first presentation for gastric cancer differs depending on the 

ethnicity. In the USA the largest proportion of younger patients being Hispanic and the 

older gastric cancer patients among Caucasians (Yang et al., 2011). The currently 

established gastric cancer risk factors cannot fully explain its occurrence in young adults.  

0	
1	
2	
3	
4	
5	
6	
7	
8	
9	

15-19	 20-24	 25-29	 30-34	 35-39	 40-44	

UK	males	

UK	females	

Zambia	
males	
Zambia	
females	In

ci
de

nc
e	
pe

r	1
00
	0
00
	

0	

1	

2	

3	

4	

5	

6	

7	

8	

9	

15-19	 20-24	 25-29	 30-34	 35-39	 40-44	

USA	males	

USA	females	

Zambia	
males	
Zambia	
females	In

ci
de

nc
e	
pe

r	1
00
	0
00
	



	

6 

Exposure to potential environmental carcinogens is wide spread and it is not known which 

exposures contribute to gastric cancer development. The paucity of information on gastric 

cancer in Zambia and other countries of the sub Saharan Africa make it difficult to 

formulate risk reduction and early detection strategies.  

 

1.3 Study justification  

This study was developed on a basis of preliminary information in order to 

develop relevant, practical and testable hypotheses of gastric carcinogenesis in 

Zambia. Reported in this thesis are some environmental, dietary and biological 

factors influencing the development of gastric cancer in Zambia. This information is 

vital for identification of high-risk individuals among Zambians. Modifiable risk factors 

if mitigated, could have an impact on the growing numbers of gastric cancer cases. 

The study also demonstrated that some gastric cancer risk factors reported by 

investigators from other parts of the world do not necessarily apply to Zambian 

patients.  

In addition, this study identified a simple and affordable technique that could be 

used to detect gastric mucosal lesions early in centres that do not have endoscopic 

facilities. This has the potential to improve patient outcomes.  

This study was also able to describe histopathological and molecular 

classifications of gastric cancer, information that could be used in formulating specific 

therapeutic options for affected individuals. The study has provided exploratory data 

needed for future long-term and more robust studies on gastric cancer in Sub-Saharan 

Africa. Knowledge and understanding of the demography and risk factors for gastric 

cancer has contributed information for better medical practice and policy formulation 

aimed at reducing the health burden resulting from gastric cancer.  

In future, using the insights described in this study, it will be possible analyse 

specific risk factors for each subtype of gastric cancer and explore the exact 

pathophysiological mechanisms involved. 
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1.4 Conceptual framework  

A conceptual framework was developed based on the Correa model of gastric 

carcinogenesis and adopted it from that published by Conteduca et al. (2013). According 

to the Correa model, gastric cancer develops through a series of gastric pathological 

changes. Following infection with Helicobacter pylori, the stomach develops acute then 

chronic inflammation. This may subsequently progress to atrophic gastritis, intestinal 

metaplasia, dysplasia and then gastric cancer as shown in Figure 1.4.  

To this framework, this study has added on the role of direct and indirect 

carcinogenic factors, and at the same time describing factors that have the potential to 

counteract these processes.  

 

 

 Figure 1.4 Study conceptual framework 
*Arrows shown in red depict parts of the framework investigated in this study (the final outcome 
being cancer with infections, diet and environmental factors being the risk factors) 
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1.5 Research questions  

There were two research questions for this study; 

1. Which environmental, dietary and biological factors are associated with gastric 

cancer in patients seen at the University Teaching Hospital in Lusaka, Zambia? 

2. Can detection of blood in gastric juice be used to identify patients with gastric 

mucosal lesions in need for endoscopic evaluation? 

 

1.6 Study objectives 

1.6.1 General objective 

The general objective of the study was to investigate environmental, dietary and biological 

factors associated with gastric cancer and to test the utility of gastric juice as a diagnostic 

strategy. 

1.6.2 Specific objectives 

i. To describe the socio-demographic, clinical and histopathological features of 

gastric cancer patients 

ii. To evaluate the association between gastric cancer and the following risk factors; 

a. Biomass smoke exposure and oxidative stress to DNA 

b. Consumption of vegetables and fruits 

c. Consumption of processed and unprocessed meat 

d. Estimated salt intake and excretion 

e. Dietary exposure to aflatoxins and ochratoxins 

f. Human Immunodeficiency virus infection 

g. Helicobacter pylori infection 

h. Epstein-Barr virus infection 

iii. To investigate the utility of blood in gastric juice as a marker of gastric mucosal 

lesions 
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1.7 Organisation of the thesis 

Chapter 1: This chapter introduces the study subject and gives a synopsis of the 

scope of the study and major findings. This chapter also sets out the study 

justification, major and specific objectives of this study. It also gives an outline of the 

conceptual framework. 

Chapter 2: In the second chapter, a detailed outline of literature that was reviewed is 

presented, with a particular focus on aspects related to this study. The chapter 

presents the current understanding of gastric cancer and its related risk factors. It 

also shows the knowledge deficit particularly in the Zambian context. 

Chapter 3: This chapter describes methods that were used to collect data. It outlines 

in detail the endoscopic and laboratory procedures employed.   

Chapter 4: The first part shows an overview of the patients enrolled in the study. 

This part of the results focuses on describing the basic characteristics of the 

participants. It also outlines the anatomical, histological and molecular classification 

of gastric adenocarcinoma and its premalignant lesions. The second results section 

focuses on the dietary, environmental and biological gastric cancer risk factors that 

were evaluated. The last section gives an overview of flow of gastric cancer patients 

through the referral system in Zambia. It demonstrates probable reasons for delayed 

gastric cancer diagnosis. It subsequently reports on the utility of a simple method for 

detection of gastric mucosal lesions in centres that do not have endoscopy. 

Chapter 5: In this chapter, the study findings are discussed and the implications of 

the findings brought into context. The discussion ends with a section on study 

limitations. 

Chapter 6: Conclusions drawn from the study findings are presented in this chapter. 

In addition, recommendations to various stakeholders are outlined, ending with a 

note on future work. 
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CHAPTER 2: LITERATURE REVIEW 

 

2.1 Epidemiology of gastric cancer 

Gastric cancer is the fifth most common cancer globally and the third leading 

cause of cancer related deaths. In 2018 over a million new cases were recorded, with an 

estimated 783,000 deaths representing one in every twelve deaths globally (Bray et al., 

2018). Gastric cancer is twice as common in men than women globally (Khazaei et al., 

2016). The Global Cancer Incidence, Mortality and Prevalence (GLOBOCAN) project of 

the International Agency for Research on Cancer (IARC), a specialized agency for the 

World Health Organisation (WHO) provides estimates by cancer site and sex using the 

best available data in each country and several methods of estimation (Ferlay et al., 2015; 

Antoni et al., 2016). The maps shown in Figures 2.1 and 2.2 depict estimated age-

standardised gastric cancer incidence rates published by GLOBOCAN in 2018 (Farley et 

al., 2018). The highest gastric cancer incident rates are in Eastern Asia, particularly 

Japan, Mongolia and Korea. Korea has the highest rate in the world with age-

standardised incidence rates of 76.8 per 100,000 for men and 37.9 per 100,000 for 

females (Kweon et al, 2018). 

 
Figure 2.1: World age-standardized estimates of incidence rates for gastric cancer.  
Source: Farley et al., 2018. 
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Figure 2.2: World age-standardized estimates of mortality rates due to gastric cancer.  
Source: Farley et al., 2018. 

 

Data on gastric cancer from sub-Saharan Africa are scarce (Asombang et al., 

2012) mainly due to a paucity of population-based registries in this region (Laryea et al., 

2012) and limited diagnostic capacity (McFarlane et al., 2001). The predicted percentage 

increase in cancer incidence in low and lower-middle income countries by 2030 is 82% 

and 70% respectively. Current GLOBOCAN estimates of gastric cancer for Africa are 

varied, ranging from less than 5.2 per 100,000 in some countries such as Angola to more 

than 20.2 per 100,000 in Mali (Figures 2.1 and 2.2). Cancer is an increasing problem in 

Africa partly due to the ageing and growing population as well as increased exposure to 

cancer causing agents (Parkin et al., 2014). Despite this increase it receives relatively little 

public health attention most of which is given to major communicable diseases such as 

the Human Immunodeficiency virus (HIV), tuberculosis and malaria. 

According to GLOBOCAN 2018 estimates, gastric cancer is the tenth most 

common cancer in Zambia and the ninth most common cause of cancer related deaths. It 

has an incidence of 3.0 per 100,000 per year with a mortality rate of 3.1 per 100,000 per 

year (Farley et al., 2018). However, these are estimates obtained by modeling, using 

incidence: mortality ratios derived from cancer registry data in neighbouring countries. 
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Gastric cancer case detection is limited due to the limited diagnostic capacity in Zambia.  

 

2.2 Clinical features and diagnosis of gastric cancer 

Ancient Egyptians in early as 3000 BC were the first to describe gastric cancer in 

the papyrus manuscripts and hieroglyphic inscriptions. Throughout the Middle Ages, 

cancer continued to torment mankind, with doctors believing that once gastric cancer got 

established it was best left alone (SEER, 2018). One of the most famous cases was that 

of the French military and political leader, Napoleon Bonaparte, who died in 1821 due to 

gastric cancer diagnosed at post-mortem. Gastric cancer is, therefore, not a new disease 

but there has been gradual improvement in the understanding of its development and 

clinical presentation. In current literature, gastric cancer typically refers to gastric 

adenocarcinoma, which is the most common type (Peleteiro et al., 2012). Other types are 

gastrointestinal stromal tumours, lymphomas, neuroendocrine tumours, squamous cell 

and gastric Kaposi’s sarcoma, but for these specific names are usually mentioned when 

they are being referred to.  

Gastric cancer is an aggressive disease and it is frequently diagnosed late.  With 

the diagnosis of advanced gastric cancer, the utility of surgery is limited, leaving the 

treatment options to neo-adjuvant chemotherapy and radiotherapy with poorer survival 

outcomes (Zheng et al., 2015; Coghlin et al., 2015; Fontana et al., 2015). Therefore, late 

gastric cancer diagnosis is one of the major contributors to poor outcomes (Lang et al., 

2013). Early detection of gastric cancer is made difficult by the lack of specific 

symptomatology. Some of these symptoms include unintentional weight loss, abdominal 

pain, nausea, dysphagia, melaena or haematemesis and early satiety (Cancer Research 

UK, 2015). Many of these symptoms manifest in late disease, as early gastric cancer is 

usually asymptomatic. Periodic endoscopic surveillance is the most effective way for early 

diagnosis of gastric cancer (González et al., 2012) but there are no cheaper tools that can 

be employed to determine high-risk patients requiring endoscopic evaluation. Population 
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based endoscopic screening is carried out in countries with high gastric cancer rates such 

as Korea and Japan as early detection of gastric cancer using screening programmes 

improves its outcome (Chung et al., 2012; Gong et al., 2014).  

There is evidence that countries with gastric cancer screening programmes have 

much higher rates of early cancer detection than those that do not (Kim et al., 2015).  

However, these screening programmes are very expensive and impractical in resource-

poor countries such as Zambia and they require repeated endoscopic evaluations on a 

large number of people. For example, the National Cancer Control Committee of Korea 

recommends that individuals over the age 40 years undergo gastric cancer screening via 

either the upper gastrointestinal series or endoscopy every 2 years (Kim et al., 2014). The 

Zambian and many other health care systems are unable to support such an elaborate 

programme; even those that could afford it would not have large enough gastric cancer 

cases to justify it. Population coverage of these screening programmes can be a 

challenge if not well organized. In Chile, the gastric cancer programme was reported to 

have coverage as low as 14% (Latorre et al., 2015). The programme in Korea, however, is 

better organized and it has been shown to be available to patients of all socio-economic 

classes (Jung et al., 2015). Other non-invasive methods of identifying individuals with 

increased risk of having gastric cancer have been considered. Faecal occult blood testing 

is a well-established strategy for colorectal cancer screening but not for gastric cancer. 

There is not enough evidence to recommend the use of faecal occult blood in screening 

for upper gastrointestinal cancers (Nakama et al., 2000; Allard et al., 2010).  

 

2.3 Classifications of gastric cancer 

Gastric cancer has two well-recognized classification systems, the Lauren 

classification that subdivides it into intestinal and diffuse types and the World Health 

Organization system dividing it into papillary, tubular, mucinous (colloid), and poorly 

cohesive carcinomas (Lauren et al., 1965; Lin X et al., 2015). 
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2.3.1 Intestinal type gastric cancer 

The intestinal type of gastric cancer develops through a series of histological 

changes known as the Correa cascade. According to the cascade, Helicobacter 

pylori (H. pylori) infection leads to the development of non-atrophic gastritis (NAG), 

which may later become chronic atrophic gastritis (CAG). Gastric intestinal 

metaplasia (GIM) then ensues leading to dysplastic changes and then cancer 

(Correa et al., 1975). These are collectively known as gastric premalignant (GP) 

lesions. Progression from one stage to another is thought to take several years. 

However, diagnosing these lesions histologically does not give a practical 

approximation of gastric cancer risk.  

In 2008, an international group of pathologists established the Operative Link 

for Gastritis Assessment (OLGA) for reporting gastritis in terms of stage (Rugge et 

al., 2008). According to the OLGA staging system, the histological phenotypes of 

gastritis are arranged along a scale of progressively increasing gastric cancer risk 

form the lowest (stage 0) to the highest (stage 4). This staging is done on at least five 

gastric biopsies taken as follows: two from the distal antrum (one lesser and the 

other greater curvature), two from the body or corpus (one lesser and one greater 

curvatures) and one from the incisura angularis (Dinis-Ribeiro et al. 2012). In each 

biopsy, atrophy is scored as a percentage of atrophic glands on a four-tiered scale. 

No atrophy is 0%, and given a zero score, mild atrophy is one to 30% and given a 

score of one, moderate atrophy is 31 to 60% and is given a score of two. Severe 

atrophy is more than 60% and is given a score of three. The scores from the antrum 

(including the incisura angularis) and the corpus are then plotted onto the OLGA 

table to determine the respective stage (Table 2.1). Stages lower than three have 

very low risk for gastric cancer development. Stages three and four are thought to 

carry a high enough gastric cancer risk to justify endoscopic surveillance (Rugge et 

al., 2008).  
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Table 2.1 Staging frame for the Operative Link for Gastritis Assessment. Source: 
Rugge et al., 2008. 

 

 

One major drawback of the OLGA staging system for gastric cancer risk 

assessment is the low interobserver agreement even among experienced pathologists (el-

Zimaity et al., 1996; Chen et al., 1999; Offerhaus et al., 1999). Gastric Intestinal 

Metaplasia (GIM), however, has much better interobserver agreement resulting in more 

reproducible results. Therefore, the Operative Link for Gastritis Intestinal Metaplasia 

(OLGIM) was developed. Similar to the OLGA, the presence of GIM was classified as 

follows: zero (absent), one (mild), two (moderate) and three (severe) (Capelle et al., 

2010). The OLGIM staging system is then applied (Table 2.2) and those with either stage 

three or four are at high risk for gastric cancer and required endoscopic surveillance. One 

limitation of the OLGIM staging system is that it does not take into account the presence 

or severity of CAG, which is also a known risk factor for gastric cancer. There have been 

no data from Africa describing the CAG and GIM using either the OLGA or the OLGIM 

staging systems for gastric cancer risk assessment. However, progression of the lesions 

along the Correa cascade can also be influenced by other bacterial, environmental and 

host immune factors (Correa et al., 2007) rendering the development of gastric cancer 

multifactorial. 
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Table 2.2 Staging frame for the Operative Link for Gastric Intestinal metaplasia. Source: 
Capelle et al., 2010. 

 
 

 

2.3.2 Diffuse type gastric cancer 

This type of gastric cancer is hereditary and is characterised by the development 

of diffuse (signet ring) gastric cancer at a young age. The most common mutation 

associated with diffuse gastric cancer are truncating mutations in CDH1, the gene 

encoding for E-Cadherin (Cancer.Net, 2017). Other genetic syndromes associated with 

gastric cancer include the Lynch syndrome, Juvenile polyposis syndrome, Peutz-Jeghers 

syndrome, and familial adenomatous polyposis. Previous research from Zambia showed 

that less than 20% of gastric cancers were of the diffuse type (Asombang et al., 2013).  

 

2.3.3 The Cancer Genome Atlas  

With the limitations of the usefulness of histopathological gastric cancer 

classification types, a large consortium of scientists used modern genomic technologies to 

perform comprehensive genomic annotation of 295 gastric tumours in The Cancer 

Genome Atlas (TCGA) for gastric cancer first published in 2014 (TCGA 2014). Among the 

techniques used in this classification was Gene (mRNA) Expression, Sequencing of All 
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Coding Genes (exome), Copy-Number Analysis (SNP arrays), MicroRNA Expression 

(miRNA-seq), DNA Methylation (450K arrays), Protein Phosphorylation Analysis (RPPA) 

and low-pass whole genome sequencing on a subset. From this extensive work, they 

were able to sub-divide gastric cancer it into four major subtypes: Epstein-Barr Virus 

(EBV)-positive tumours, microsatellite unstable tumours, genomically stable tumours, and 

tumours with chromosomal instability (TCGA, 2014). It is now well accepted that gastric 

cancer is a heterogeneous disease as these analyses have demonstrated its molecular 

complexity (Figueiredo et al., 2015).  

Classification based on molecular properties has the potential of influencing 

therapeutic options for precision treatment of gastric cancer patients, resulting in better 

outcomes. In this study, the occurrence of EBV-positive and microsatellite unstable gastric 

cancer was evaluated.  

 

2.3.3.1 EBV-positive gastric cancer 

EBV is a DNA oncogenic virus present in about 90% of the global population 

(Balfour et al., 2015). It is associated with nasopharyngeal and gastric cancers, follicular 

dendritic cell tumours/sarcomas, Burkitt’s lymphoma, lymphomatoid granulomatosis, 

pyothorax-associated lymphoma and HIV associated lymphomas (Maeda et al., 2009). 

About 9% of gastric cancer is attributed to EBV infection (Tang et al., 2012; TCGA, 2014; 

Gulley et al., 2015) and TCGA found that these tumours exhibit a higher prevalence of 

DNA hypermethylation (TCGA, 2014). EBV-positive gastric tumours showed a strong 

predilection for phosphatidylinositol 3-kinase, catalytic subunit alpha (PIK3CA) mutation 

with a potential for therapeutic importance (Zhang et al., 2014). Clinically, this gastric 

cancer subtype shows a low rate of lymph node metastasis conferring a slightly better 

prognosis (van Beek et al., 2004) with a lower number of differentially expressed genes 

(Carmago et al., 2014; Figueiredo et al., 2015). In Zambia, the proportion of EBV-positive 

gastric cancer remains unknown and EBV-positive cancer is more common among 

younger gastric cancer patients (Carmago et al., 2011). 
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2.3.3.2 Microsatellite unstable gastric cancer 

Microsatellite unstable gastric tumours show elevated mutation rates, including 

mutations of genes encoding targetable oncogenic signaling proteins (TCGA, 2014). 

The instability is related to loss of function of mismatch repair (MMR) genes. 

Function of MMR mechanism is mainly due to MLH1 silencing by promoter 

hypermethylayion resulting increased number of mutations (Choi et al., 2016). There 

is growing evidence of differential response of microsatellite unstable tumours to 

chemotherapy (An et al., 2012; Kim et al., 2015) with promising favourable response 

to immunotherapy (Le et al., 2015). TCGA did not include samples from Africa and 

therefore the molecular classification of gastric cancer in this continent remains 

unknown.  

 

2.4 Risk factors for gastric cancer 

Gastric cancer results from genetic and acquired risk factors, although the exact 

pathogenesis is still not clearly understood. There are some risk factors that have been 

described in many populations, although the evidence of actual causation is unsatisfactory 

due an incomplete understanding of the exact pathogenic mechanisms. Established 

biological risk factors for gastric cancer include advancing age, pernicious anaemia, 

sporadic gastric adenoma, familial adenomatous polyps, hereditary non-polyposis colon 

cancer, Li Fraumeni syndrome and blood group A (Stomach Cancer Types, 2015). 

Proposed environmental and lifestyle risk factors include low consumption of fruit and 

vegetables, cigarette smoking, salty smoked foods, heavy alcohol intake and possibly red 

and processed meat, haem iron and obesity (Ladeiras-Lopes et al., 2008; Pourfarzi et al., 

2009; Gonzalez et al., 2010; Baroudi et al., 2014; Fang et al., 2015).  Other risk factors 

are exposure to radiation and working in rubber or coal industries.  

 



	

19 

 

2.4.1 Gastric cancer and nutrition 

Several researchers have investigated the role of nutrition in the development of 

cancer. It is now clear that diet modulation affects the risk of developing gastric cancer, 

but most data have been obtained from observational studies as opposed to clinical trials 

(Abnet et al., 2015). With the onset of industrialization, many African communities have 

experienced drastic changes in lifestyles. In Zambia, this has lead to rapid shifts in dietary 

habits moving towards the consumption of refined foods, some of which are known to be 

carcinogenic (IARC Monographs, 2015). Despite these efforts, most of the data on diet 

and gastric cancer are inconsistent.  Depicted in Figure 2.3 is an extract from the 2016 

Diet and Cancer Report by the World Cancer Research Fund International. None of the 

food types considered had strong evidence and convincing evidence for either increasing 

or decrease gastric cancer risk (Figure 2.3). 

Studies have been conducted to test the assertion that micronutrient 

supplementation can prevent gastric cancer demonstrated by a study in Linxian, China 

(Blot et al., 1993).  In this study, 29,584 individuals were followed over 5 years with half of 

them having been randomized to vitamin and mineral supplementation. By the close of the 

study the incidence of gastric cancer was significantly lower in the intervention group (RR 

= 0.79; 95 % CI = 0.64-0.99). However, subsequent randomized cancer prevention trials 

have mainly been negative. For example, a large US observational study involving 

490,593 participants and an eleven-year follow-up showed no benefit in the use of vitamin 

and mineral supplementation for prevention of gastrointestinal malignancies (Dawsey et 

al., 2014). Earlier Plummer et al (2007) also failed to demonstrate the benefit of 

micronutrient supplementation on gastric cancer prevention and so did You et al (2006). 

Similarly, there is evidence that a high intake of foods containing antioxidants such 

as fruits and vegetables is associated with a reduced risk of developing gastric cancer 

(Pourfarzi et al., 2009; Gonzalez et al., 2010; Asombang et al., 2013; Baroudi et al., 

2014). However, a meta-analysis involving 32,758 gastric cancer cases out of 6,316,385 
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participants revealed that fruit intake but not vegetables was protective against gastric 

cancer (Fang et al., 2015). 

 

  
Figure 2.3 Evidence of dietary risk factors for gastric cancer. Source: WCRF, 2016. 
 

Antioxidants are thought to reduce oxidative damage to DNA, lipids and proteins, 

reducing proliferation and angiogenesis and therefore reducing the chances of developing 

cancer (Harvie et al., 2014). A meta-analysis conducted by Li et al (2014) showed that 

higher dietary intake of anti-oxidant vitamins but not blood levels was associated with a 

lower gastric cancer risk.  

Other food types investigated for gastric cancer risk are red and processed meat. 

Red meat typically refers to unprocessed mammalian muscle meat (including minced 

meat), such as beef, pork, lamb or goat meat. Processed meat is that which has been 

transformed through salting, curing, fermentation, smoking or application of other flavour 
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enhancing or preservation techniques (Bouvard et al., 2015). Several investigators have 

shown that consumption of red and processed meat increases the risk of developing 

gastric cancer (Palli et al., 2001; Bahmanyar et al., 2006; Aune et al 2009; Gonzalez et al., 

2010; Zhu et al., 2013; Wie et al., 2014; Song P et al., 2014) although the evidence is not 

entirely conclusive as various confounders were not well accounted for in most studies 

that have reported this observation (Bouvard et al, 2015). In addition, other investigators 

have failed to demonstrate the influence of meat consumption on gastric cancer (Keszei et 

al., 2012; Wang et al., 2012). The EPIC study, with 521,457 participants from 10 

European countries, showed that red or processed meat intake was associated with non-

cardia gastric cancer but not cardia gastric cancer, suggesting that not all types of gastric 

cancer could be influenced by the intake of meat (Gonzalez et al., 2006). The intake of 

poultry and high-fat dairy foods has also been linked to gastric cancer by some 

investigators (Navarro Silvera et al., 2008; Pourfarzi et al., 2009).  

Processed meat was recently reported as a grade one carcinogen by the 

International Agency for research on cancer, principally because of its role in the 

development of colorectal cancer but there was no conclusive evidence for gastric cancer 

(IARC Monographs, 2015). Some of the reasons suggested for the meat being 

carcinogenic include the presence of haem iron (Jakszyn et al., 2012; Ward et al., 2012) 

and the production of carcinogenic compounds when preparing the meat for consumption.  

Meat processing can result in the formation of N-nitroso-compounds and polycylic 

aromatic hydrocarbons. High temperature cooking can also lead to the production of 

carcinogenic heterocyclic aromatic amines (Alaejos et al., 2011; Alomirah et al., 2011). 

Dietary nitrosamines in processed meat might be responsible for the increases risk of 

gastric cancer (Larsson et al., 2006). In a study that involved 494,978 participants 

O'Doherty et al (2012), found no association between dietary fat intake and gastric cancer.  

According to the Zambian National Food Nutrition Commission report  the 

consumption of meat in rural communities is very low as the diet is predominantly 

vegetarian (NFNC 2014). With the high cost of meat, many rural communities are unable 
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to afford it (White et al., 2015). In urban areas there is a mixed picture with the lower 

socio-economic communities having less access to meat than the elite. 

  

2.4.2 Salt and salty food intake 

Human beings have been using large amounts of salt to preserve food for many 

centuries but the health implications of high salt intake have just been recently described 

(D’Elia et al., 2014). The exact mechanism by which salt increases the risk of gastric 

cancer is not clear, but some authors have suggested that high salt concentrations up-

regulate the expression of H. pylori CagA leading to the development of gastric cancer 

(Loh et al., 2007). To evaluate the association between cancer and salt, Park et al (2014) 

analysed the 24-hour urine sodium in 19,083 Koreans. Their findings showed that gastric 

cancer was significantly associated with increased 24-hour urine sodium excretion. In 

addition, several other investigators have studied the influence of salt on gastric cancer 

risk. Some of these studies are as tabulated below (Table 2.3). However, none of these 

studies were conducted in Africa.  

Most of these studies clearly support the role of salt intake in gastric cancer, but 

the same cannot be said about intestinal metaplasia, which is a premalignant lesion. The 

plausible explanation for this difference could be that salt intake influences gastric cancer 

development after intestinal metaplasia has already occurred, or that gastric cancer does 

not necessarily develop from intestinal metaplasia. The third and most probable 

explanation is that there have not been enough studies evaluating the association 

between intestinal metaplasia and salt intake. One aspect that remains unclear is whether 

it is the salt itself or the high salt containing foods that is carcinogenic. 
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Table 2.3: Studies investigating the role of high salt intake on the development of gastric 
cancer 

Study Country Article type Salt influence on 

gastric cancer 

Salt influence on 

gastric intestinal 

metaplasia 

Woo et al., 2014 Korea Meta-analysis Yes - 

Park et al., 2014 Korea Cross-sectional Yes - 

D’Elia et al., 2014 Italy Review Yes - 

Gonzales et al., 2013 Spain Review Yes - 

Lin et al., 2014 China Case-control Yes - 

Bonequi et al., 2013 Several Meta-analysis Yes - 

Ge et al., 2012 Several Meta-analysis Yes - 

Zhong et al., 2012 China Case-control Yes - 

D’Elia et al., 2012 Several Meta-analysis Yes - 

Woo et al., 2011  Korea Review Yes - 

Zhang et al., 2011 China Case-control Yes - 

Park et al., 2011 Korea Cross-sectional Yes - 

Yang et al., 2011 China Case-control Yes - 

Peleteiro et al., 2011 Portugal Case-control Yes - 

Wen et al., 2010 China Case-control Yes - 

Pintalhao et al., 2010 Portugal Cross-sectional - No 

Dias-Neto et al., 2010 Several Meta-analysis - No 

Takachi et al., 2010 Japan Cohort No - 

De Stefani et al., 2009 Uruguay Case-control No - 

Wang et al., 2008 China Cross-sectional Yes - 

Sjödahl et al., 2008 Norway Cohort No - 

Kurosawa et al., 2006 Japan Cohort No - 

Strumylaite et al., 2006 Lithuania Case-control Yes - 

Tokui et al., 2005 Japan Cross-sectional No - 

Tsugane et al., 2004 Japan Cohort Yes - 

Lee et al., 2003 Korea Case-control Yes - 

Ye et al., 1998 China Case-control Yes - 

Ward et al., 1999 Mexico Case-control Yes - 

Cohen et al., 1997 Several Review No - 

Joossens et al., 1996 Several Cross-sectional Yes - 

 

 

2.4.3 Mycotoxins 

Currently, one of the most insidious challenges to combat in food safety is 
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mycotoxin contamination (Adebo et al., 2015). Mycotoxins are small molecular weight 

compounds produced by some filamentous fungi or moulds. Under suitable temperatures 

and humidity, they may contaminate various foods (Zain et al., 2011). Aflatoxins are 

produced by fungi Aspergillus sp and are known to contaminate peanuts, maize and some 

spices while Ochratoxins mainly contaminate cereals (wheat, barley and oats), coffee and 

grape berries. They can also contaminate maize (Reddy et al., 2010). Other commonly 

consumed foods such as cassava do not support the growth of these fungi and are 

therefore spared (Adjovi et al.,  2014). Fungal proliferation and toxin production are 

enhanced by storage of improperly dried grain and nuts under hot, humid and unsanitary 

conditions (Obuseh et al., 2011).  

Aflatoxins are classified as grade one carcinogens by the IARC due to the 

evidence of their role in the development of cancer of the liver (IARC Monographs, 2015). 

Exposure to mycotoxins is a public health problem in many parts of sub-Saharan Africa 

(Yard et al.,  2007; Shirima et al., 2013; Ezekiel et al., 2014) and exposure to these toxins 

is almost ubiquitous in some rural populations (Asiki et al., 2014). Maize samples from 18 

sub-Saharan countries were tested for the regulatory limits of contamination. Results 

showed that 47% were contaminated by aflatoxins (Probst et al., 2013). Table 2.4 below 

summarizes African studies, which looked at mycotoxin contamination of various food 

types. Only those that reported the percentage of contamination are included in the table. 

It shows that aflatoxin contamination is widespread in the commonly consumed foods.  

In Zambia, Mukanga and colleagues sampled pre-harvest maize from Lusaka, 

Central and Southern provinces and showed that contamination was between 3-18% for 

aflatoxins (Mukanga et al., 2010). More recently, Kachapulula et al., (2017) analysed 

maize and groundnut samples from 27 districts in Zambia. Levels above the regulatory 

limits for Zambia were found in as much as 58% of groundnut and 20% of the maize 

samples. In addition, they were able to demonstrate increased levels with poor grain 

storage (Kachapulula et al., 2017). In another Zambian study, aflatoxins were found in 

dried fish and edible insects (Kachapulula et al., 2018). There are few data on ochratoxin 
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exposure in Zambia or Africa as a whole. 

 
Table 2.4: Published data on mycotoxin contamination of various substances from across 
the African continent from 2010 to date. 

 
 

Country Substance  
Tested 

Percentage 
Contamination 

Above  
Regulatory  

Limit 

Kachapulula et al., 2017 Zambia Maize 

Groundnuts 

Upto 20.0 

Upto 58.0 

Yes 

Yes 

Kumi et al., 2014 Ghana Home-made porridge 58.3 Yes 

Mutina et al., 2015 Kenya Maize 4.0 Yes 

Ezekwesili-O et al 2014 Nigeria Herbal medication 18.6 - 

Kilonzo et al., 2014 Kenya Maize 45.0 - 

Mupunga et al., 2014  Zimbabwe Peanut butter 91.0 Yes 

Oluwafemi et al 2014 Nigeria Cow milk 75.0 Yes 

Ali et al., 2014 Sudan Powered milk 50.0 Yes 

Elbashir et al., 2014 Sudan Sorghum 38.1 - 

Kamika et al., 2014 South Africa 

Congo DR 

Peanuts 

Peanuts 

35.0 

75.0 

Yes 

Yes 

Kayode et al., 2013 Nigeria Maize snacks 62.5 - 

El Marniss et al. 2012 Morocco Milk 8.0 Yes 

Daniel et al., 2011 Kenya Maize 16.0 Yes 

Elshafie et al., 2011 Sudan Peanut butter 100 - 

Ghali et al., 2010 Tunisia Sorghum, spices, nuts 34.4 - 

Abbès et al., 2012 Tunisia Cow’s milk 60.7 Yes 

Riba et al., 2010 Algeria Wheat 56.6 - 

Idris et al., 2010 Sudan Sesame oil 

Groundnut oil 

43.8 

3.8 

- 

- 

Tchana et al., 2010 Cameroon Eggs 

Cow’s milk 

45.2 

15.9 

- 

- 

Kimanya et al., 2008 Tanzania     Maize 18.0 - 

Mwihia et al., 2008 Kenya Maize 35.5 Yes 
 
 

The role of mycotoxins in gastrointestinal cancers such as gastric cancer is not 

fully investigated. Researchers from Korea reported an increased risk for gastric cancer 

among persons exposed to aflatoxin B1 (Eom et al., 2013) but the mechanism by which 

this occurs remains obscure. One proposed mechanism is that aflatoxins exert inhibitory 

effects on DNA synthesis and repair and also induce oxidative stress (Alpsoy et al., 2011). 

Mycotoxins have also been shown to influence the availability of micronutrients, some of 
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which might have cancer protective properties. In a study form Ghana, aflatoxins were 

found to correlate with decreased serum levels of vitamins A and E (Tang et al., 2009). 

Obuseh et al (2011) also reported evidence of aflatoxins modifying plasma micronutrients 

resulting in deficiencies despite adequate intake. 

Ochratoxin A is the most potent type of ochratoxin, and has been linked to 

epidemic nephrotoxicity. Ochratoxins have also been shown to produce renal tumours, 

(Reddy et al., 2010). There is very little data on gastric disease due to ochratoxin 

exposure but recently Jia et al., (2016) reported that long-term exposure to Ochratoxin 

lead to malignant transformation of gastric epithelial cells. 

There is no study that has reported an association between gastric cancer and 

these two mycotoxins. With the rising cases of gastric cancer in Zambia, it is imperative 

that the role of these carcinogens be evaluated, as this could potentially be a preventable 

risk for the cancer.  

2.4.4 Exposure to biomass smoke 

The development of gastric cancer can also be influenced by environmental 

factors. Gastric cancer is more common among the poorer sections of most communities 

(Uthman et al., 2013; Lagergren et al., 2015) and this cannot be completely attributed to 

H. pylori infection. Chinese investigators showed that gastric cancer is more common in 

rural than urban communities (Liu et al., 2014). The five-year survival for gastric cancer is 

also lower in developing countries, suggesting that there could be some environmental 

agents in these poor communities that are less pronounced in more affluent ones 

(Lambert et al., 2012; Global Burden of Disease, 2015). One such factor is daily exposure 

to biomass smoke. Biomass fuel is obtained from animal or plant materials including 

wood, charcoal, dung or crop residue and has been linked to several other cancers 

(Kayamba et al., 2017).  Complete combustion of biomass fuel produces carbon dioxide 

and water. When combustion is incomplete (as is usually the case), carbon monoxide, 

formaldehydes, acrolein, benzene and polycyclic aromatic hydrocarbons (PAH) are 
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released. The exact products of incomplete combustion depend on the type of biomass 

fuel being burnt, temperature of the fire and wind conditions. Some carcinogenic products 

such as PAH found in cigarette smoke are also present in biomass some as illustrated in 

Table 2.5 (Kayamba et al., 2017).  

 
Table 2.5: Carcinogenic substances present in both cigarette and biomass smoke. Source 
Kayamba et al,. 2017. 
Group Substance IARC 

Group 
 

Year of 
classification 

Polycyclic 
hydrocarbons 

Benz[a]anthracene  2A 1987 
Benzo[a]pyrene  1 2012 

Aldehydes Formaldehyde  1 2012 
Acetaldehyde  2B 1999 

Aromatics Benzene  1 2012 
Inorganic toxins Arsenic  1 2012 

Beryllium  1 2012 
Nickel  2B 2012 
Cobalt  2B 1991 
Lead (inorganic)  2B 1987 

 

PAHs are organic compounds chemically comprised of two or more benzene 

rings but it is difficult to ascribe health effects to specific PAHs in epidemiological 

studies as most exposures are to mixed PAHs (Shimada et al., 2006). Particularly, 

epidemiological evidence of the role of PAH in gastric carcinogenesis is contradictory 

(Cocco et al., 1996). The most studied PAH is benzo(a)pyrene, designated a group 1 

human carcinogen by the International Agency for Research on Cancer, (IARC 

monograph). PAHs are highly lipophilic and hence easily absorbed with high 

bioavailability when ingested or inhaled. They acquire carcinogenicity after 

xenobiotic-metabolizing enzymes convert them to highly reactive metabolites 

capable of attacking intracellular proteins and DNA. These enzymes include 

cytochrome P450 (CYP), epoxide hydrolase, glutathione transferase, UDP-

glucuronosyltransferase, sulfotransferase, NAD(P)H quinone oxidoreductase 1, and 

aldo-keto reductase (Shimada et al., 2006). These enzymes are not only found in the 

liver but the intestinal mucosa as well (Autrup et al., 1982) and are regulated by a 
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cytosolic receptor, the aryl hydrocarbon receptor which senses PAHs (Diggs et al., 

2011 and Korashy et al., 2006). In the stomach, the protective mucus layer may limit 

the activity of xenobiotic-metabolizing enzymes on PAHs but external factors such as 

H. pylori infection predispose to hypochlorhydria compromising this protection. 

Tatemichi et al., (1999) were able to demonstrate increased expression of CYP1A1 

and CYP1A2 in gastric intestinal metaplasia with subsequent PAH metabolism. This 

is clearly a mechanism through which exposure would lead to cancer. Further 

supporting evidence was shown in a case-control study from China in which they 

showed that levels of 1-hydroxypyrene glucuronide, a biomarker of PAH exposure 

was higher in gastric cancer patients than controls (Liao et al., 2014).  

A further mechanism by which PAH could be associated with gastric cancer is 

through the prostanoid synthesis pathway, which depends on cyclooxygenase-2 

(COX-2) as a rate-limiting enzyme. COX-2 is implicated in H. pylori induced gastric 

carcinogenesis (Cheng et al., 2013) and benzo[a]pyrene a PAH, has been shown to 

induce COX-2 expression in epithelial cells (Kelley et al., 1997). It is well established 

that disease manifestations such as cancer are not just dependent on the genotype 

but also the epigenotype, which can alter gene expression without affecting the 

genetic sequence. Environmentally induced epigenetic changes are therefore 

cardinal in understanding carcinogenesis and PAHs have been implicated in 

epigenetic modifications (Upham et al., 1998). 

About 77% of the African population uses solid fuel for cooking (Figure 2.4). 

The use of these fuels is much less common in regions with high gross domestic 

product (Bonjour et al., 2013). 

In Zambia, 98.1% of the rural and 73.0% of the urban population rely on 

these solid fuels for cooking (Central Statistical Office of Zambia, 2014). Data from 

the Zambia Demographic and Health survey also show that there has been an 

increase in the use of charcoal from 25% in 2007 to 37% in 2013-2014. 
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Figure 2.4: Regional trends for the percentage of population using solid fuels as the main 
cooking fuel in low- and middle-income countries, 1980–2010. Countries are grouped by 
WHO region and income category. Source: Bonjour et al., 2013. 

 

In the urban areas, 62% of the households have access to electricity but only 26.9% 

consistently use it for cooking. Table 2.6 summarizes the sources of energy used for 

cooking in Zambian households. These data show that there is a large proportion of 

Zambians exposed to wood smoke on a daily basis and there is an urgent need to 

understand the health implications of this exposure.  

 

Table 2.6: Percentage distribution of cooking sources in Zambia. Source: 
Demographic and Health Survey, 2013-2014. 
 

 Urban Rural 
Electricity 26.9 1.8 

Charcoal 67.2 15.6 

Wood 5.8 82.0 

Straw/shrub/grass 0.0 0.3 

Animal dung 0.0 0.2 
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Exposure to wood smoke has been associated with oesophageal cancer in studies 

carried out in Kenya (Patel et al., 2013), Brazil (Mota et al., 2013), South Africa (Wang et 

al., 2013; Li et al., 2010; Dandara et al., 2006) and Zambia (Kayamba et al., 2015). There 

is no conclusive evidence of increased gastric cancer risk with wood smoke exposure 

although this association was suggested by a small study from Peru (Chirinos et al., 

2012).  In addition, it remains unknown which elements of wood smoke are carcinogenic 

as the combustion products of wood differ depending on the type of tree being burnt (Fine 

et al., 2001).  

 

2.5 Infectious agents and gastric cancer  

2.5.1 Helicobacter pylori  

Helicobacter pylori (H. pylori) is an important risk factor for non-cardia gastric 

cancer (Huang et al., 1998; Eslick et al., 1999; Correa et al., 2007).  H. pylori is a Gram 

negative, helical, microaerophillic bacterium believed to infect almost half of the world’s 

population. It is usually acquired during childhood and if untreated, persists throughout 

lifetime of the host, causing chronic gastritis. However, most infected individuals do not 

develop clinical symptoms, perhaps as a result of the co-evolution between H. pylori and 

Homo sapiens. Close to 50% of the global population is infected with H. pylori but only 1% 

develop cancer (Kusters et al., 2006). This suggests that despite being a grade one 

carcinogen, there are other factors playing a role in the development of gastric cancer. 

There are great variations in the prevalence of H. pylori globally, with Africa having the 

highest prevalence (Hooi et al., 2017). There are also great variations in predominant 

strains isolated from different regions of the world (Yamaoka et al., 2008). These 

variations are thought to contribute toward differences in H. pylori related disease 

manifestation. For example, gastric cancer is not necessarily more common in regions 

with the highest H. pylori prevalence. The prevalence of H. pylori in Korea (the country 

with the highest gastric cancer incidence) is 56% (Yim et al., 2007). It is therefore 

apparent that the prevalence of H. pylori, though it is an important contributor to 
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pathogenesis, does not directly correlate with the incidence of gastric cancer.  

Varying host responses are believed to influence the development of H. pylori 

associated disease including genetics, immune responses and the relationship of the 

host to specific bacterial virulence factors such as cytotoxin-associated gene A 

(CagA) (Lang et al., 2016; Vaziri et al., 2018). With these large variations in H. pylori 

associated gastric cancer risk, characterization of bacterial diversity is crucial for 

identification of high-risk populations and informing decisions about management of 

H. pylori infection both at individual and population level. A selection of immunogenic 

H. pylori antigens identified by multiplex serology assay was developed to quantify 

antibodies against different antigens (Michel et al., 2009). Table 2.7 shows some of 

the H.pylori specific antibodies that can be measured using this multiplex serology 

assay. 

This assay has not yet been used on samples from Africa, despite the high H. 

pylori prevalence in this region. In Zambia, the prevalence of H. pylori (determined 

using commercially available antibody kits), among healthy community volunteers is 

81% with no evidence of an association of CagA expression and gastric cancer 

(Fernando et al., 2001; Kayamba et al., 2013).  

The H. pylori test-and-treat strategy has been proposed for populations with 

high gastric cancer incidence (Venerito et al., 2015). In Zambia, the use of H. pylori 

antibodies to identify these high-risk individuals would not be discriminating enough 

due to the high seroprevalence, and H. pylori serology is of minimal clinical value in 

clinical practice in Zambia. However, the rationale of using antibody titres and 

pepsinogens could be helpful but it is yet to be validated (Kishiwa et al., 2015). There 

is evidence from a local study that using the GastroPanel, (H. pylori, pepsinogens 

and gastrin-17) poorly predicts gastric premalignancy in HIV infected Zambian 

patients (Kayamba et al. 2018).  

 
 
 



	

32 

Table 2.7: Full names and actions of thirteen H. pylori antigens quantified by the 
multiplex serology assay. Source: Gao et al., 2009. 

 

 

2.5.2 Helicobacter hepaticus and Helicobacter bilis 

Discovered in 1992, H. hepaticus has been associated with cholecystitis, 

cholelithiasis and gallbladder cancer (Falsafi et al., 2013). It has also been linked to 

chronic hepatitis (Hamada et al., 2009). H. hepaticus is a spiral bacterium with a bipolar-

sheathed flagellum which unlike those of H. pylori, are distributed throughout the bacterial 

chromosome (Falsafi et al., 2013). H. bilis a fusiform bacterium with three to 14 multiple 

bipolar sheathed flagella and periplasmic fibers wrapped around the cell (Fox et al., 1995). 

It was first isolated in mice but has now been associated with hepatobiliary disease in 

humans as well (Zhou et al., 2013). The role of these two bacteria species in gastric 

disease is yet to be established. 

 

2.5.3 Human immunodeficiency virus (HIV) and gastric cancer 

Sub-Saharan Africa bears over two-thirds of the global Human Immunodeficiency 

An#gen	 Full	name	 Ac#on	
	

GroEL	 Chaperonin	HSP60	 Assist	protein	folding	

UreA	 Urease	alpha	subunit	 Hydrolysis	of	urea	to	NH3	and	CO2	

HP0231	 Hypothe#cal	protein	 Not	clear	

Nap	 Neutrophil	ac#va#ng	protein	A	 Immune	modulator	

HP0305	 Hypothe#cal	protein	 Not	clear	

HpaA	 Puta#ve	neuraminylactose-binding	
hemagglu#nin	homolog	

Lipoprotein-	adhesion?	

CagA	 Cytotoxin	associated	gene	A	 Augments	inflamma#on		

HyuA	 Hydantoin	u#liza#on	protein	A	 Arginine	and	proline	metabolism	

Catalase	 Catalase		 Catalyzes	H2O2	to	H2O	and	O2	

VacA	 Vacuola#ng	cytotoxin	A	 Disrupts	#ght	junc#ons	

HcpC	 Helicobacter	cysteine-rich	protein	C	 Trigger	immune	response	

Cad	 Clinnamyl	alcohol	dehydrogenase		 Catalyse	dismuta#on	of	Benz	aldehyde	
to	benzyl	alcohol	and	benzoic	acid		

Omp	 Outer	membrane	protein	 stabiliza#on	of	aggregates,	receptors,	
porin	
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Virus (HIV) burden with the prevalence among adults in Zambia being 11.8%. The 

estimated number of people living with HIV infection is 1.1 million (AVERT, 2019). 

Figure 2.5 shows the prevalence of HIV infection in Zambia by stratified by 

province, with Lusaka and the Copperbelt provinces having the highest figures. 

 
 

 
Figure 2.5: Prevalence of HIV infection in Zambia, by province. 
Source: Demographic and Health Survey, 2013-2014. 

 

There is no evidence of an association between HIV infection and gastric cancer 

(Kayamba et al., 2013; Jensen et al., 2017). However, HIV infected individuals are more 

likely to have active EBV infection than those who are uninfected (Jenson et al., 1999; 

Kayamba et al., 2016). EBV is associated with about 9% of gastric adenocarcinoma 

(TCGA, 2014). In addition, persistent HIV viraemia and immune activation favours the 

onset of EBV-related malignancies and many malignant diseases that arise in the setting 

of HIV infection tend to present at more advanced stage with shorter survival time (Minhas 

et al., 2010; Yong-xi Zhang et al., 2011; Petrara et al., 2012). The influence of HIV 

infection on the development of EBV-positive gastric cancer has not been investigated. 
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2.6 Screening for gastric cancer 

The outcome of gastric cancer is much better when diagnosed early (Saito et 

al., 2013). Early gastric cancer diagnosis is a challenge in low-resource settings as 

endoscopy is expensive, invasive and requires trained personnel. In addition, 

ordinary white light endoscopy with histology, which is the gold standard for gastric 

cancer, has low sensitivity for detection of early gastric lesions (Zhang et al., 2016). 

There are several innovative strategies being developed to enhance the sensitivity of 

endoscopic biopsies such as confocal endomicroscopy, narrow band imaging, 

magnifying endoscopy with blue laser among others (Yoshimizu et al., 2018; Kimura-

Tsuchiya et al., 2017; Kayamba et al., 2017; Zuo et al., 2017), but application of 

these techniques is not possible in many parts of Africa. Less invasive strategies 

being evaluated make use of easily obtained samples such as blood, urine and 

saliva. Some of these include circulating tumour cells (Kang et al., 2017), cytokines 

(Sánchez-Zauco et al., 2017), and tumour markers (Chen et al., 2017). More 

recently, there have been reports of promising gastric cancer biomarkers detected in 

gastric juice, particularly long non-coding RNA (Yang et al., 2016; Shao et al., 2014), 

micro RNA (Yu et al., 2013) and tryptophan metabolites (Choi et al., 2016). However, 

many of these strategies employ molecular and highly technical approaches that are 

not currently feasible in poor resource settings with scanty sources of electricity and 

clean water. Therefore, cheap, less invasive and technically simpler methods are 

urgently needed for early gastric cancer detection in Africa. There is a need for a 

simple technique, preferably with a high negative predictive value that would enable 

clinicians in these low-resource rural settings to determine which individuals need to 

travel to more specialized centers for endoscopy. 
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CHAPTER 3: METHODS 

 

3.1. Study design 

This was a case-control study, but the analysis was conducted at two levels, first 

with gastric cancer as cases and second with premalignant lesions as cases. The full set 

of controls (defined as patients without GA, GP or any other type of gastric cancer) was 

used for both comparisons. Gastric premalignant lesions included chronic atrophic 

gastritis (CAG), gastric intestinal metaplasia (GIM) and dysplasia.  

 

3.2. Study site 

It was conducted at the Gastroenterology Unit of the University Teaching Hospital 

(UTH), in Lusaka, Zambia. With a population of over 16 million and an annual growth rate 

of 2.9 percent (Zambia in Figures, CSO 2018), Zambia has a total of ten provinces. It is a 

lower-middle income sub-Saharan African country with a limited number of referral health 

care centres. UTH is the largest referral hospital located in Lusaka, the capital city of 

Zambia with patients referred for specialist care from all provinces of the country. 

UTH has the largest full-time gastroenterology unit in the Zambia with two 

paediatric, one surgical and three medical gastroenterologists. The unit offers both 

diagnostic and therapeutic upper and lower endoscopies augmented by weekly specialist 

clinics for patient follow-up.   

 

3.3. Study population 

The study population was all patients referred for diagnostic 

oesophagogastroduodenoscopy (OGD). They were approached for recruitment when they 

attended for the procedure. 

The inclusion criteria were patients above the age above 18 years, referred for 

diagnostic OGD with having given full written consent to participate. Excluded were those 
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with prior history of treatment for gastric cancer, history of ingesting a caustic substance 

and unwillingness to have an HIV test. 

3.4. Patient recruitment 

All consenting adults above the age of 18 years were considered for recruitment. 

Prior to enrolment, the study was explained to each participant and those willing to 

participate signed a written consent (see Appendix 1). 

 

3.5 Sample size calculation 

To calculate the sample size, a ratio of one gastric cancer case to two independent 

healthy controls per case was used. Due to paucity of pilot data on gastric cancer in 

Zambia, previously published oesophageal cancer data on exposure to wood smoke was 

used for the estimates, as the effects are assumed to be very similar (Kayamba et al., 

2015). These data indicated that the probability of biomass smoke exposure among 

healthy controls was 0.38, (a proportion similar to the ZDHS estimates of charcoal use in 

Zambia which is 0.37). If the true odds ratio for gastric cancer in biomass smoke exposed 

relative to unexposed individuals was 1.7, 58 gastric cancer cases and 116 healthy 

controls would be needed to be able to reject the null hypothesis that this odds ratio 

equals 1 with probability (power) 0.9. The type 1 error probability associated with this test 

of the null hypothesis was 0.05. To allow for study dropouts and incomplete data, an 

additional 10% was added to the sample size resulting in a sample size of 64 cases and 

128 controls. To achieve the desired sample size, convenience sampling was used. 

 

3.6. Study procedures 

3.6.1 Oesophagogastroduodenoscopy and study questionnaire 

The study was explained to the participants and their questions answered. All 

patients came to the Gastroenterology Unit having starved overnight by not taking food or 

drink for at least seven hours. The OGD was then carried out following routine pre-

procedural formalities as determined by standard of care. On entering the stomach, the 
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biopsy channel was flushed and gastric juice aspirated using a 10 ml syringe. A complete 

evaluation of the mucosa was then carried out and six biopsies taken from any gastric 

lesions (both malignant and benign). To assess for gastric premalignant lesions two 

biopsies each were taken from the antrum, incisura and body. Biopsies were then fixed in 

formalin for histopathological analysis. For the first 80 patients recruited, an extra biopsy 

was taken from the antrum for Helicobacter pylori testing using HelicotecUT®Plus rapid 

tests (Strong Biotech Corporation, Taipei, Taiwan). 10 ml of blood (two aliquots of 5 mls 

each) and a sample of urine were collected from each participant. From the blood, plasma 

and serum was extracted. Plasma, serum and urine samples were kept frozen at -80OC. 

Interviews were then conducted using a structured questionnaire to collect demographic 

characteristics and risk factor details. A food frequency questionnaire was also employed 

to collect information about food and salt intake (see Appendix 1).  

 

3.6.2 Laboratory procedures 

These procedures were employed to achieve specific objectives one and two.   

 

3.6.2.1 Histopathology and case ascertainment  

Two experienced pathologists performed histopathological examination of the 

formalin fixed gastric biopsy samples at the UTH Pathology Laboratory. Using standard 

methods the histopathological diagnoses were made to determine the presence of cancer, 

premalignant lesions or non-atrophic gastritis. For the classification of CAG and GIM, the 

operative link for gastric assessment (OLGA) and the operative link for gastric intestinal 

metaplasia (OLGIM) were employed to assess the gastric cancer risk (Ruggae et al., 

2005; Capelle et al., 2010). Patients with histologically confirmed adenocarcinoma were 

categorized as cases. Also included, as cases were those with clearly visible gastric 

tumours whose only available biopsies showed high-grade dysplasia. Those with CAG, 

GIM or low-grade dysplasia were grouped together as having premalignant lesions. 
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Patients classified as controls had either non-atrophic gastritis (NAG) or normal 

histology. NAG was classified as either active or chronic based on the presence of acute 

inflammatory cells. For each patient a global diagnosis was made based on the most 

severe histological diagnosis. An experienced histopathologist (Dr Aaron Shibemba) 

evaluated the biopsies and a second pathologist with specific expertise in gastric 

premalignant lesions (Dr Blanca Piazuelo) provided the final classification of premalignant 

lesions (Dixon et al.,1996).  

 

3.6.2.2 Determination of the prevalence of Epstein Barr Virus (EBV) in gastric 

tumours  

Epstein-Barr encoding region (EBER) chromogenic in situ hybridisation 

(CISH) technique was used on gastric tumour biopsies, which had been fixed in 

formalin and embedded in paraffin. In situ hybridisation allows for the detection of 

EBV DNA without losing understanding of the morphological architecture of the 

tissue. This was done using a commercially available kit: EBV CISH Detection Kit, 

Master Diagnostica, Granada, Spain. The digoxigenin-labeled probe used in the kit 

was a mixture of 5 RNA oligonucleotides complimentary to type 1 and 2 EBER of 

EBV created for the detection of the presence of EBV infected cells in latency. In 

addition, hybridisation signals with EBV infections could also be produced. The 

manufacturer’s instructions were adhered to strictly (details of the procedure are in 

the Appendix) 

 

3.6.2.3 Immunofluorescence staining for MutL homolog 1 (MLH1)  

For immunofluorescence (IF), the following protocol was followed: 

Dewaxing and hydration 

Formalin-fixed paraffin-embedded biopsies mounted onto poly-lysine slides were 

placed in a 60oC oven over night. They were then quickly placed in xylene twice for 

five minutes each. Hydration was then done in absolute ethanol for twice for three 
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minutes each and then 70% ethanol for a minute. The slides were subsequently 

rinsed in distilled water. 

Antigen retrieval 

For assay optimization, two alternatives were initially tried for antigen retrieval. A 

citrate based H-3300, pH 6.0, and a Tris based, H-3301, pH 9.0 (both Vector 

Laboratories, Burligame, California). They were each diluted at 1:100. The diluted 

antigen retrieval buffer (ARB) was pre-heated in a microwave at high for 4 minutes. 

The slides were then placed in the ARB for ten minutes, reheated and incubated for 

another ten minutes. The slides were then washed with either TBS or phosphate 

base saline (PBS) three times for three minutes each.   

Permeabilisation 

The slides were then incubated in either 0.2% Tween 20, detergent (Sigma-Aldrich, 

St Louis, USA), 0.1% Triton X100 ((Sigma-Aldrich, St Louis, USA) for three minutes. 

They were then washed with either TBS or PBS X3 respectively to remove the 

detergent. 

Blocking 

Blocking was done using goat serum diluted in with TBS or PBS at a 20% 

concentration for 30 minutes.  

Staining 

The tissue was then incubated with primary antibodies (anti-MLH1 antibody ab92312 

Abcam, Tokyo Japan). Optimization dilutions in 20% goat serum were done at 1:500 

Incubation with primary antibodies was done overnight at 4oC. The slides were then 

washed with either TBS or PBS four times for five minutes each. Conjugated 

secondary antibody, goat anti-rabbit ab150077, Tokyo Japan diluted in 20% goat 

serum at 1:50 was used in all cases. The tissues were incubated at RT for 1 hour 

and then washed in either TBS or PBS four times for five minutes each. 

Mounting 
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A drop of mounting shield was then added and coverslips placed over the tissue. The 

slides were then kept at 4oC overnight and read the following day. After optimization 

testing for MLH1, citrate based ARB diluted 1:100, PBS, 0.2% Tween, 1:500 primary 

antibody and 1:50 secondary antibody were chosen as optimal conditions. For each 

run, positive and negative controls were included. Used as positive controls were 

samples identified during optimization and for the negative controls the tissues were 

incubated in 20% goat serum instead of primary antibody. 

 

3.6.2.4 Analysis of urinary 1-hydroxypyrene (1-OHP), creatinine and sodium  

Frozen urine samples were sent to the Lancet laboratories in Lusaka, 

Zambia. Following standardized procedures, High Performance Liquid 

Chromatography (HPLC) was used to measure the amount of 1-OHP (µg/g 

creatinine).  

Briefly, 1-Hydroxypyrene was measured by HPLC with fluorescence detection 

after enzymatic hydrolysis of the conjugates. The Phenolic Compound stock 

standard (ClincalR) ref. no. 9925 was used as the calibrator to make up standards of 

concentration from concentrations of 0.55 to 3.00 µg/l, in deionized water.  To all 

samples, calibrators and controls (600 µl) add β-glucuronidase enzyme mix (300 µl) 

and mix, the enzyme mix was prepared by adding β-glucuronidase  (50 µl) to 0.1M 

sodium acetate buffer pH 5 (5 ml).  All samples, controls and calibrators were 

incubated at 37oC at 4 hours followed by analysis on the HPLC system.   

Two certified reference controls (ClinchekR) ref. no’s. 8923 and 8924, level 1 

and 2 were used as controls and run after the calibration and after every ten 

samples.  The percentage recovery of the two certified reference controls Clincheck 

Level 1 and 2 were 97% and 95%, respectively.  The limit of quantitation was 0.052 

µg/l. A “Waters” system HPLC was used, with a Binary Pump (1525), Autosampler 

(717), multi and a fluorescence detector (2475).  The mobile phase consisted of 

Methanol: Water ratio (3:1).  The volume injected was 100 µl, and separation was 
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performed on a Phenomenex SphereClone 3µm ODS (2) 80Å 100 x 4.6 mm column. 

The excitation wavelength was set at 242 nm and the emission wavelength at 388 

nm. The flow rate was 1ml/min for 5 minutes. Using the Cobas Integra 400 Plus, 

levels of sodium and creatinine were measured in the spot urine samples collected. 

To calculate the estimated 24-hour urine sodium excretion, the Tanaka 

(Tanaka et al., 2002) and Kawasaki (Kawasaki et al., 1991 and Kawasaki et al. 1993) 

formulae were used.  

 

Tanaka method  

This method is based on the patient’s weight, age and height for both sexes. To 

estimate the 24-hour urine sodium (Na24h) from a spot sample, the 24-hour 

creatinine excretion (CrPr24h) is calculated as follows: 

CrPr24h (mg) = [(14.89 x weight, kg) + (16.14 x height, cm) (2.04 x age, years)] – 

2,244,45.  

The Na24h (mEq) excretion is then estimated as NaUr (mEq) = 21.98 x [Na casual 

urine, mEq/L/(Cr casual urine, mg/dL x 10)] x CrPr24 h (mg).  

 

Kawasaki method 

This method is also based on the patient’s weight, age and height but the formulae 

are different for each of the sexes. 

For males the estimation for CrPr24h is: 

CrPr24h (mg) = [(15.12 x weight, kg) + (7.39 x height, cm)  (12.63 x age, years)] – 

79.9. 

For females the estimation for CrPr24h is: 

CrPr24h (mg) = [(8.58 x weight, kg) + (5.09 x height, cm) (4.72 x age, years) – 74.95. 

The Na24h (mEq) excretion is then estimated as NaUr (mEq) = 16.3 X (√ [(Na casual 

urine (mEq/L)/(Cr casual urine mg/dL X 10)] x CrPr24h (mg)) x (CrPr24h)]. 
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3.6.2.5 Analysis of 8-Hydroxydeoxyguanosine 

Urine levels of 8-Hydroxydeoxyguanosine (8-OHdG) were measured using 

enzyme linked immunosorbent assay (ELISA). Commercial kits were obtained from 

MyBioSource (Cat. No MBS704914, San Diego, USA) and samples tested following 

the manufacturer’s instructions. Briefly, samples were allowed to thaw, centrifuged 

and duplicates of 50µl samples and standards were placed in antibody-coated wells 

with 50µl HRP-conjugate. The wells were incubated at 37oC for one hour, washed 

and then subsequently 50µl each of Substrates A and B added as instructed by the 

manufacturer. The after a 15 minute incubation at 37oC, the reactions were stopped 

with 50µl stop acidic stop solution. Optical density was read using a microplate 

reader at 450nm. Results were corrected for creatinine excretion and reported as ng 

8-OHdG per mg of creatinine.  

3.6.2.6 Analysis of urinary aflatoxin M1 

For measurement of urine levels of aflatoxin M1 ELISA kits were obtained 

from Helica Biosystems (Cat. No 991AFLM01U-96, Santa Ana, USA). Briefly as the 

per manufacture’s instructions, frozen urine samples were allowed to thaw, diluted 

(1:20) and 100 µl placed in antibody-coated wells, followed by a one hour incubation 

at room temperature. After serial washings, 100 µl each of the conjugate, substrate 

reagent and stop solutions were added and separated by 15-minute incubations. The 

optical density was read using a microplate reader at 450nm. Values were corrected 

for creatinine to obtain ng of aflatoxin M1 per mg of creatinine.  

 

3.6.2.7 Analysis of serum Ochratoxin A 

Measurements of aflatoxin A were done on serum using ELISA kits from 

Helica Biosystems (Cat. No 991OCH01MS-96, Santa Ana, USA). Measurements 

were done with strict adherence to the manufacturer’s instructions. In brief, each 

thawed sample was mixed with methanol at 1:4 ratio centrifuged and the supernatant 

used for testing. 200µl of assay diluent was mixed with 100µl of the sample followed 
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by a 30-minute incubation. After washing with PBS-Tween, incubation was done with 

100µl conjugate for 30 minutes followed by the substrate reagent for 10 minutes, a 

reaction which was stopped after 10 minutes. Using a microtiter plate reader at 

450nm, the optical density was measured for each well and a dose-response 

standard curve constructed. Results were reported as ng per ml of serum. 

 

3.6.2.8 Multiplex assay to test for Epstein-Barr virus, Helicobacter pylori, bilis 

and hepaticus antibodies 

Multiplex serology assay was used to test for 13 H. pylori (Urea, Catalase, 

GroEl, NapA, CagA, Hp0231, VacA, HpaA, Cad, HyuA, Omp, HcpC, and HP0305), 

three H. bilis, four H. hepaticus and four EBV antibodies (early antigen, viral capsid 

antigen, Epstein-Barr nuclear antigen and BZLF1-encoded replication activator 

protein). These were recombinantly expressed as glutathione-S-transferase-tag 

fusion proteins and affinity-purified on fluorescently labelled glutathione-casein 

coupled polystyrene beads (Luminex Corp., Austin, Tx, USA).  

A mixture of the antigen-loaded beads allowed the simultaneous detection of 

antibodies (IgG/IgA/IgM) against the selected antigens in one reaction. A luminex 

flow cytometer (Luminex Corp., Austin, Tx, USA) quantified the amount of bound 

serum antibodies by detection of a reporter fluorescent (Streptavidin-R-

phycoerythrin) on each bead set and the output was the median fluorescence 

intensity detected on at least 100 beads per type. Cut-offs were defined by visual 

inspection of percentile plots at the approximate inflection point as described for 

other antigens (Migchelsen et al., 2017, Teras et al., 2015, Micheal et al., 2008). 

Overall H. pylori sero-positivity was defined as being positive to at least four of the 

included 13 H. pylori proteins.  

The multiplex serology testing was done at the German Cancer Research 

Centre in Heidelberg, Germany. A material transfer agreement was granted by 

National Health Research Authority to facilitate shipping of samples to Germany. 
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In addition, IgG antibodies against whole-cell H. pylori were quantitatively 

measured in U/mL with Enzyme-Linked Immunosorbent Assay (ELISA), by Abcam 

(ab108736), Cambridge, UK. Manufacturer’s instructions were strictly followed. 30 

U/mL was used as the cut-off for H. pylori seropositivity as previously published 

(Kayamba et al., 2013). 

 

3.6.2.9 Testing for Human Immunodeficiency virus (HIV) 

Serum samples were tested for the presence of HIV antibodies using Uni-

Gold™ rapid diagnostic kits (Trinity Biotech, Wicklow, Ireland).  

 

3.6.3 Gastric pH testing and determination of blood in gastric juice 

Procedures included in this section were used to achieve objective three. 

~ 

3.6.3.1 Gastric pH testing 

Using commercially available test pH Test Strips, (Sigma Chemical Company 

St Louis, USA) gastric pH was tested on the aspirated juice. The remaining aliquot of 

gastric juice was used to test for the presence of blood.  

 

3.6.3.2 Testing for blood in gastric juice 

Urinalysis reagent strips (ACON laboratories San Diego, USA) were used to 

determine the presence of blood in gastric juice. These strips test for the qualitative 

and semi-quantitative of analytes such as blood in urine with the ability to detect free 

haemoglobin as low as 0.018-0.06 mg/dL or 5-10 erythrocytes per µL. The test for 

blood is based on peroxidase-like activity of haemoglobin resulting in colour changes 

ranging from orange to green to dark blue, which is read manually.  

Depending on the colour change, the presence of blood was recorded on an 

ordinal scale as 1, 2 or 3 plus (+). Samples with 2+ or 3+ were considered to have a 

high intensity of blood. As gastric juice has much lower pH than urine, preliminary 
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experiments were conducted to determine the influence of pH on detection of blood 

using these strips. 

 
Table 3.1: Test results for urine strips tested at various pH 
levels 

pH Colour change 

without blood 

Colour change with 

blood 

0 Yes Yes 

1 Yes Yes 

2 Yes Yes 

3 No Yes 

4 No Yes 

5 No  Yes 

6 No Yes 

7 No Yes 

8 No Yes 

9 No Yes 

10 No Yes 

11 No Yes 

12 Yes Yes 

13 Yes Yes 

14 Yes Yes 
*Used in these experiments were hydrochloric acid (HCl) and sodium hydroxide 
(NaOH) to make solutions of various pH levels and these were tested with or 
with blood added 

 

Hydrochloric acid and sodium hydroxide was used to prepare solutions with a 

pH of 0 to 14. Colour change of the urine strips was then checked at each pH level, 

with and without blood added (Table 3.1). 

Solutions with pH less than 3 or greater than 11 showed a colour change in the 

absence of blood. In subsequent experiments, therefore samples with pH less than 3 

were diluted as follows: 

1. Gastric juice with pH 2.5; 1:10 dilution resulting in pH 3.5, (n=9) 

2. Gastric juice with pH 2; 1:10 dilution resulting in pH 3, (n=20) 

3. Gastric juice with pH 1.5: 1:100 dilution resulting in pH 3.5, (n=29) 
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4. Gastric juice with pH 1: 1:100 dilution resulting in pH 3, (n=7) 

Data were analysed by both including and then excluding these diluted samples. All 

samples were then re-analysed at 1:10 and 1:100 dilutions. 

 

3.7 Data analysis 

Collected data were entered into an excel spread sheet and later exported to 

STATA version 15 (College Station, TX, USA). For preparation of graphs, GraphPad prism 

version 7 (GraphPad Software, San Diego, California, USA) was also used. All continuous 

variables were first checked for normality using the Shapiro-Wilk test. Means and 

standard deviations were used to summarise normally distributed continuous variables 

while medians and interquartile ranges were used for skewed variables. Two-way 

analyses were employed to look for associations between outcomes and the exposures of 

interest considering potential confounders. The Fisher’s exact test was used for small 

numbers less than five in at least one cell, and the Chi square was used for larger 

numbers. Odds ratios were therefore computed with 95% confidence intervals. Non-

parametric trend tests were used to assess odds ratios for ordered outcomes. The Mann-

Whitney U (for paired variables) and Kruskal-Wallis tests (for more than two variables) 

were used to determine associations between various outcomes continuous variables. 

Where applicable, Dunn’s correction for multiple comparisons was employed. To test for 

correlations, the Spearman's rank correlation coefficient was used, as data being tested 

for correlations were all non-parametric. In all cases, a two-sided P value less than 0.05 

was considered statistically significant. In addition, stepwise unconditional logistic 

regression employed to access the relative contributions of different exposure variables. 

To evaluate the utility of blood in gastric juice for mucosal lesion detection, sensitivity, 

specificity and area under the receiver operating characteristic curve were calculated. 
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3.8 Ethical considerations 

3.8.1 Consent 

The study participants all gave informed consent to participate in this study and they could 

withdraw from the study at any given time without any compromise to the level of care. 

The participant’s information was treated with the highest confidentiality and information 

was obtained solely for the purposes of the study. All the questionnaires were kept under 

lock and key, and only the principal investigator had full access.  

 

3.8.2 Benefits and potential risks to the patients 

Study participants were enrolled from among those already referred for OGD 

evaluation. Those participating in the study had the additional benefit of being screened 

for gastric premalignant lesions from the biopsies obtained. All study patients were treated 

in accordance with the best available standard of care. No adverse events resulting from 

participation in this study were recorded. However, potential risks were considered at all 

times. When taking biopsies, there was a minor risk of bleeding or infection at the affected 

site. However, this risk was very small and estimated to occur in about 1:10000. There 

was no indication for using local anesthetic, as mucosal biopsies were completely 

painless. Care was taken by prior explanation to the patients and warning them before the 

actual prick. The possibility of introducing infection at the puncture site was curtailed by 

thoroughly cleaning with methylated spirit.  

 

3.8.3 Ethical approval 

The University of Zambia Biomedical Research Ethics Committee (reference 

number 005-03-16) and the National Health Research Authority granted ethical approval 

for this study. The study was conducted in accordance with the guidelines for good clinical 

research.  
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CHAPTER 4: RESULTS 

 

This chapter is divided into three sections. The first section describes clinical and 

histopathological characteristics of gastric cancer and premalignant lesions. The 

second section focuses on the risk factors while the third section reports results for 

early detection of gastric cancer.  

 

4.1 Socio-demographic, clinical and histopathological characteristics of gastric 

cancer and its premalignant lesions (objective one) 

 

4.1.1 An outline of patient enrolment into the study 

Included for analysis in this study were 388 patients, 92 (24%) of whom had 

gastric tumours seen during endoscopy (Figure 4.1). Of those with gastric tumours, 

eight were excluded due to lack of confirmatory histopathology reports. Twelve had 

other types of gastric cancer, including eight with squamous cell or unclassified 

carcinomas, two with gastric stromal tumours, one with non-Hodgkin’s lymphoma 

and one with a “haematolymphoid tumour”. Of 72 confirmed gastric cancer cases, 

there were 68 patients with adenocarcinoma (GA) and four patients with high-grade 

dysplasia (carcinoma in situ), which for clinical purposes and the purposes of this 

study are classified hereafter as gastric CANCER CASES. Among those without 

gastric tumours, 35 had gastric premalignant lesions (GP): eight with chronic atrophic 

gastritis (CAG) and 27 with gastric intestinal metaplasia (GIM). These are hereafter 

referred to as PREMALIGNANT CASES. Patients without histological evidence of 

either premalignant lesions or cancer were used as CONTROLS (n=244). 
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Figure 4.1: Flow chart showing the enrolment of patients  
*Shaded in pink were the cases, green were the controls and blue were patients left out of the final analysis. 

 

 

4.1.2 Basic characteristics of enrolled patients 

The map showing each patient’s permanent residence was representative of 

the Zambian population distribution, with higher densities in the centre of the country 

along the line of rail (Figure 4.2). Of 92 patients with gastric tumours, 46 (50%), and 

of 296 without tumours, 204 (69%) were Lusaka residents. Lusaka is the capital and 

most populated city in Zambia.  
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Figure 4.2: Permanent residence of enrolled patients stratified by histological 

diagnosis 
*Each dot represents a single patient and some dots are superimposed 
 

 

Patients with gastric tumours were significantly older than those without. The 

median age was 58 years (IQR 60-70 years) for patients with gastric tumours and 48 

years (IQR 40-63 years) for those without (p=0.0002; Table 4.1). The age difference 

was therefore adjusted for in subsequent analyses. Thirty-eight percent of the gastric 

tumour patients were from rural areas compared to 20% of the controls (p=0.0002; 

Table 4.1). The median body mass index (BMI) for patients with gastric tumours was 

18 kg/m2, lower than that of patients without gastric tumours (median 25 kg/m2).  A 

history of cigarette smoking or alcohol consumption was equally frequent in both 

groups (Table 4.1) 
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Table 4.1: Clinical and demographic characteristics of patients with or without gastric       
tumours seen during endoscopy  

    *Significance testing was performed using Fisher’s exact, Chi square or Kruskal-Wallis tests. 
 

4.1.3 Presenting symptoms  

The major presenting symptoms were compared between those with or 

without gastric tumours. 48/92 (52%) of patients with tumours presented with 

abdominal pain, while 14/92 (15%) and 12/92 (13%) presented with vomiting and 

blood loss (either haematemesis or melaena), respectively (Figure 4.3). These 

patients did not have abdominal pain. Symptoms associated with having a gastric 

tumour were vomiting [OR 3.2; 95% CI 1.6-6.6, p=0.0005] or dysphagia [OR 9.9; 

95% CI 2.8-43, p<0.0001]. In comparison with the controls, patients with abdominal 

pain were less likely to have a gastric tumour [OR 0.5; 95% CI 0.3-0.9, p=0.01]. 

 Gastric 
tumour 
n=92 

No tumour 
n=296 

OR (95% 
CI) 

P value 

Female 49 (53%) 158 (53%) 1.0 (0.6-1.6) 0.98 
 

Age  
Less than 30 years 
30-44 years 
45-59 years 
60 years and above 

 

 
1 (1%) 
17 (18%) 
32 (35%) 
42 (46%) 

 
11 (4%) 
103 (35%) 
96 (32%) 
86 (29%) 

 
 
 
 
- 

 
 
 
 
0.0002 

Resident in rural area 35 (38%) 58 (20%) 2.6 (1.5-4.4) 0.0002 
Body mass index, median 
(IQR) 

18 (16-22) 25 (21-28) - 0.0001 

Married 53 (58%) 181 (61%) 0.7 (0.5-1.4) 0.55 
Educational level attained 

None 
Primary  
Secondary 
Tertiary 

 
17 (19%) 
33 (36%) 
27 (29%) 
15 (16%) 

 
23 (8%) 
72 (24%) 
119 (40%) 
82 (28%) 

 
 
- 

 
 
 
 
0.0001 

No employment 35 (38%) 78 (26%) 1.7 (1.0-2.9) 0.03 
Family history of gastric 
cancer 

2 (2%) 7 (2%) 0.9 (0.1-4.9) 1.00 

History of smoking 
       Current 
       Ever 

 
7 (8%) 
13 (14%) 

 
17 (6%) 
29 (10%) 

 
1.5 (0.5-4.0) 
1.6 (0.7-3.4) 

 
0.44 
0.19 

History of alcohol intake 15 (16%)   0.20 
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Figure 4.3: Presenting symptoms and major reasons for 
oesophagogastroduodenoscopy examination compared between patients with gastric 
tumours and those without 
 

 

4.1.4 Gastric adenocarcinoma 

4.1.4.1 Basic characteristics of patients with gastric adenocarcinoma  

Table 4.1 shows a comparison of basic characteristics of patients with gastric 

adenocarcinoma (GA) and controls. Patients with GA were significantly younger than 

the controls and were more wasted with a median BMI of 18 kg/m2. In addition, they 

were likely to reside in rural areas and have lower educational attainment. The 

proportion of patients taking alcohol or cigarette smoking was similar in the two 

groups (Table 4.2). 
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Table 4.2: Basic characteristics of patients with or without gastric adenocarcinoma 

 GA 
n=72 

Controls 
n=244 

OR; 95% CI p value 

Female 39 (54%) 128 
(52%) 

1.1 (0.5-1.9) 0.89 

Age  
Less than 30 years  
30-44 years  
45-59 years  

60 years and above 

 
1 (2%) 
10 (14%) 
24 (33%) 
37 (51%) 

 
10 (4%) 
89 (37%) 
86 (35%) 
59 (24%) 

 
 
 
 
- 

 
 
 
 
0.0001 

Resident in rural area 28 (39%) 45 (18%) 2.9 (1.5-5.3) 0.0004 
Body mass index, 
median (IQR) 

18 (16-
21) 

25 (21-
28) 

- 0.0001 

Married 40 (56%) 151 
(62%) 

0.8 (0.4-1.4) 0.41 

Educational level 
attained 

None 
Primary  
Secondary 
Tertiary 

 
13 (18%) 
27 (37%) 
20 (28%) 
12 (17%) 

 
16 (7%) 
57 (23%) 
98 (40%) 
74 (30%) 

 
 
 
 
- 

 
 
 
 
0.0001 

No employment 26 (36%) 58 (24%) 1.8 (1.0-3.3) 0.048 
Family history of 
gastric cancer 

1 (1%) 6 (2%) 0.6 (0.01-4.7) 1.00 

History of smoking 
   Current  
   Ever 

 
7 (10%) 
12 (17%) 

 
12 (5%) 
23 (9%) 

 
2.3 (0.7-6.7) 
2.0 (0.9-4.6) 

 
0.21 
0.08 

History of alcohol 
intake 

12 (17%) 58 (24%) 0.6 (0.3-1.3) 0.21 

 
*Significance testing was performed using Fisher’s exact, Chi square or Kruskal-Wallis tests. 
 
 

4.1.4.2 Anatomical location of gastric adenocarcinoma 

The location of the GA was determined during endoscopy. Sixty-five percent 

(47/72) of the tumours were located in either the body or the antrum (referred to as 

distal gastric tumours). 

Thirty-five percent (25/72) were proximal tumours located either in the fundus 

or gastroesophageal (GE) junction (Figure 4.4).  
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Figure 4.4: Anatomical location of gastric adenocarcinoma  
As seen during oesophagogastroduodenoscopy 

 

4.1.4.3 Histological and molecular classification of gastric adenocarcinoma 

4.1.4.3.1 Lauren classification 

Using the Lauren classification, close to two-thirds of the tumours were of the 

intestinal type (Figure 4.5). None of the diffuse type GA was located at the gastro-

oesophageal junction. Only 4/11 (27%) of the diffuse type cancers were early onset. 

Grouping GA by the Lauren classification was similar regardless of tumour location 

(p=0.32) or age (p=0.38). 

 

 
    Figure 4.5: Lauren classification of gastric adenocarcinoma 
 

4.1.4.3.2 Epstein-Barr virus associated gastric adenocarcinoma 

A total of 57 GA paraffin blocks were available for Epstein-Barr encoding 

region (EBER) in situ hybridisation. Of these, 13 either did not have enough tissue for 

14%	

21%	

35%	

30%	

0%	

5%	

10%	

15%	

20%	

25%	

30%	

35%	

40%	

GE	Junc/on	 Fundus	 Body	 Antrum	

GE	Junc/on	

Fundus	

Body	

Antrum	

62%	

33%	

5%	

0%	

10%	

20%	

30%	

40%	

50%	

60%	

70%	

Intes0nal	 Diffuse	 Mixed	



	

55 

analysis or had no visible tumour tissue in the examined sections. Therefore, 

complete results were available for 44 samples. Of these, 5(11%) were EBV positive 

(Figure 4.6). The presence of EBV was similar regardless of the type of GA, its 

anatomical location, patient age or sex (p=0.31, p=1.00, p=0.54 and p=0.22 

respectively). 

  

 
Figure 4.6: Epstein-Barr encoding region (EBER) in situ hybridisation images 

 
 

4.1.4.3.3 Microsatellite unstable gastric adenocarcinoma 

The occurrence of microsatellite unstable GA was analysed using 

immunofluorescence staining for the loss of MLH1 (Figure 4.7). Fluorescent nuclear 

staining was seen on slides positive for MLH1. Of the GA biopsies successfully 

stained, 17/46 (37%) showed positive nuclear staining, and 29/46 (63%) showed 
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evidence of microsatellite instability. Patients above the age of 45 years were more 

likely to have microsatellite unstable tumours [OR 15; 95% CI 1.5-72, p=0.007].  

 

 

 
Figure 4.7: Immunofluorescence staining for MLH1; (a) positive staining for MLH1, (b) 
4,6-diamidino-2-phenylindole (DAPI ) nuclear staining, (c) Overlay of (a) and (b), (d) 
negative control. 
 

4.1.5 Gastric premalignant lesions 

4.1.5.1 Basic characteristics of patients with gastric premalignant lesions 

GP lesions were identified in 35/296 (12%) of patients without gastric 

tumours. These patients were compared to the same set of controls used for GA 

above, and only age was significantly different (Table 4.3). Unlike for GA, educational 

attainment for GP patients was not significantly different from the controls. But similar 

to GA, alcohol consumption or cigarrate smoking did not influence the occurrence of 

GP. 

(a)MLH1	Nuclear	staining	 (b)	DAPI	Nuclear	staining	

(c)Overlay	MLH1	and	Dapi	 (d)	Nega>ve	staining	
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Table 4.3: Basic characteristics of patients with or without gastric premalignant lesions 

*Significance testing was performed using Fisher’s exact or Kruskal-Wallis 

 

4.1.5.2 Histological staging of gastric premalignant lesions  

The Operative Link for Gastritis Assessment (OLGA) and Operative Link on 

Gastritis/Intestinal-Metaplasia Assessment (OLGIM) staging systems were used to 

stratify GP patients for potential gastric cancer risk. OLGA staging reports were 

available for 33 patients with GP lesions: 12 (36%) had stage 1, 11 (33%) had stage 

2, 9 (27%) had stage 3, and 1 (3%) stage 4 gastric atrophy. OLGIM staging for GIM 

in 33 patients revealed 11 (33%) in stage 0, 13 (39%) in stage 1, 8 (24%) in stage 2 

and 1 (3%) in stage 3.  

 

 Premalign
ant lesions 
n=35 

Controls 
n=244 

OR; 95% CI P 

Female 17 (49%) 128 (52%) 0.9 (0.4-1.9) 0.72 
Age  

Less than 30 years  
30-44 years  
45-59 years  
60 years and above 

 
0 (0%) 
10 (29%) 
6 (17%) 
19 (54%) 

 
10 (4%) 
89 (37%) 
86 (35%) 
59 (24%) 

 
 
 
 
- 

 
 
 
 
0.005 

Resident in rural area 8 (23%) 45 (18%) 1.3 (0.5-3.2) 0.50 
Body mass index, median 
(IQR) 

26 (23-28) 25 (21-28) - 0.37 

Married 24 (71%) 151 (62%) 1.5 (0.6-3.6) 0.45 
Educational level attained 

None 
Primary 
Secondary 
Tertiary 

 
1 (3%) 
13 (37%) 
15 (43%) 
6 (17%) 

 
16 (7%) 
57 (23%) 
98 (40%) 
74 (30%) 

 
 
 
 
- 

 
 
 
 
0.13 

No employment 15 (43%) 58 (24%) 2.4 (1.1-5.3) 0.02 
History of smoking 
       Current 
       Ever 

 
3 (9%) 
3 (9%) 

 
6 (2%) 
12 (5%) 
 

 
2.1 (0.3-8.3) 
1.0 (0.2-3.4) 

 
0.39 
1.00 

History of alcohol intake 6 (17%) 58 (24%) 
 

0.7 (0.2-1.8) 0.51 
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4.2 Risk factors for gastric adenocarcinoma and its premalignant lesions 

(objective two) 

4.2.1 Gastric adenocarcinoma  

4.2.1.1 Socio-economic status 

An interviewer-administered questionnaire was used to collect data on the 

socio-economic status of patients with GA cases and controls. Figure 4.8 shows the 

socio-economic indicators that were evaluated with the odds ratios and confidence 

intervals. GA patients were less likely to have good housing, water supply or a 

kitchen (all p-values less than 0.05; Figure 4.8). Overall, GA patient were more likely 

to be of low socio-economic status [OR 4.2; 95% CI 1.9-9.1, p=0.0002]. 

 

 
Figure 4.8: Socio-economic indicators of gastric adenocarcinoma patients compared 
to controls  
*The solid vertical line is a null effect line, while the dotted one is showing the summary effect.  
**Significance testing was performed using Fisher’s exact test. 
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Applying an unconditional logistic regression adjusted for age, sex and residence, 

GA patients were less likely to have good housing or a kitchen [OR 5.3; 95% CI 2.1-

13.5, p<0.0001] and [OR 3.4; 95% CI 1.5-7.4, p=0.003] respectively.  

 

4.2.1.2 Biomass smoke exposure and oxidative stress to DNA 

Patients were asked about fuel used for cooking in their homes. Overall, 

110/316 (35%) of the patients reported that they were completely reliant on biomass 

fuel for cooking while another 107/316 (34%) used it occasionally as they had access 

to electric stoves. Thirty-one percent (99/316) did not use biomass fuels in their 

homes at all. A comparison of the GA cases and controls showed that the cases 

were more likely to be reliant on biomass fuel than controls (p=0.001; Figure 4.9). 

Adjusting for age, sex, rural residence and socio-economic status in an unconditional 

logistic regression, GA patients were more exposed to biomass smoke than those 

without GA [OR 2.3; 95% CI 1.1-4.5, p=0.02]. On analysis by histological type of GA, 

those with intestinal type were more likely to be exposed to biomass smoke [OR 3.6; 

95% CI 1.5-9.1, p=0.003] but not those with diffuse type [OR 0.9; 95% CI 0.2-3.1, 

p=1.00]. None of the GA patients not using biomass fuels in their homes had 

microsatellite unstable tumours. On the other hand, 13/26 (50%) of those using 

biomass fuels all the time had microsatellite unstable tumours, and this difference 

was statistically significant (p=0.003). 

Urinary levels of 1-hydroxypyrene (1-OHP) were compared between patients 

with GA and controls. For this analysis, patients who gave a history of current 

smoking were excluded (n=8). The median level in the GA group was 0.2 µg/g 

creatinine (IQR 0.1-0.3 µg/g creatinine), while in the control group it was 0.2 µg/g 

creatinine (IQR 0.1-0.4 µg/g creatinine; p=0.18). The median levels of 1-OHP were 

similar between patients exposed to biomass smoke and those not regularly exposed 

(p=0.07).  
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Figure 4.9: Association between gastric adenocarcinoma and reported biomass  
smoke exposure  
*Significance tested using a non-parametric test across ordered groups. 

 

Urinary concentrations of 8-Hydroxydeoxyguanosine (8-OHdG) were higher 

in GA patients (median 7.1 ng/mg creatinine, IQR 3.2-20.8), than controls (median 

4.0 ng/mg creatinine, IQR 2.0-10; p=0.01). To explore a probable mechanism of 

biomass smoke on gastric carcinogenesis, levels of 8-OHdG were compared 

between patients with minimal, occasional and frequent exposure to biomass smoke.  

 

 
Figure 4.10: Urine levels of 8-Hydroxydeoxyguanosine ng/mg creatinine compared 
between patients with regular, occasional and infrequent exposure to biomass smoke  
*Significance tested using a non-parametric test across ordered groups 

 

The median 8-OHdG was highest in those regularly exposed to biomass 

smoke  (median 6.3 ng/mg creatinine, IQR 2.6-14.8), and least in those with minimal 

exposure to biomass smoke, (median 3.6 ng/mg creatinine, IQR 1.3-10). Those with 
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occasional exposure had a median 8-OHdG of 4.3 ng/mg creatinine (IQR 2.3-15.8 

ng/mg creatinine; Figure 4.10). 

 

4.2.1.3 Dietary intake 

When analysing data from the food frequency questionnaire, consumption of 

any food type more than once a week was considered regular. Table 4.4 shows a 

comparison of daily and regular consumption of various food types and groups for 

GA patients and controls.  

 

Table 4.4: Dietary intake for patients with gastric adenocarcinoma and controls 
 Regular consumption (at least 2-4 times a 

week)  
Daily consumption 

Food type  GA 
n(%) 

Controls 
n(%) 

Univariate 
OR (95% CI) 

P 
value 

GA 
n(%) 

Controls 
n(%) 

Univariate 
OR (95% CI) 

P 
value 

Chicken 
Chicken 42 (60) 175 (71) 0.6 (0.3-1.1) 0.08 2 (3) 8 (3) 11 (0.1-4.6) 1.00 
Unprocessed Meat  
Beef  27 (39) 128 (52) 0.6 (0.3-1.0) 0.04 4 (6) 6 (2) 2.5 (0.5-10) 0.23 
Pork 13 (18) 39 (16) 1.2 (0.5-2.4) 0.72 1 (1) 0 (0) - 0.22 
Goat 4 (6) 25 (10) 0.5 (0.1-1.6) 0.35 1 (1) 1 (0.4) 3.6 (0.1-284) 0.39 
Game  2 (3) 3 (1) 2.4 (0.2-20) 0.31 0 (0) 0 (0) - - 
Processed red meat 
Polony 9 (13) 29 (12) 1.1 (0.4-1.6) 0.84 0 (0) 2 (0.1) - 1.00 
Hungarian 
sausage 

20 (29) 78 (32) 0.9 (0.4-1.6) 0.66 3 (4) 1 (0.1) 11 (0.9-581) 0.03 

Bacon  3 (4) 9 (4) 1.2 (0.2-4.9) 0.73 2 (3) 0 (0) - 0.05 
Ham 2 (3) 8 (3) 0.9 (0.1-4.5) 1.00 1 (1) 0 (0) - 0.22 
Canned meat 0 (0) 2 (0.8) - 1.00 0 (0) 0 (0) - - 
Other sausage 23 (33) 76 (31) 1.1 (0.6-2.0) 0.77 3 (4) 0 (0) - 0.01 
Salami 1 (1) 3 (1) 1.2 (0.02-15) 1.00 0 (0) 0 (0) - - 
Fish 
Bream 34 (49) 152 (62) 0.6 (0.3-1.0) 0.05 2 (3) 3 (1) 2.4 (0.2-21) 0.31 
Kapenta 33 (47) 122 (50) 0.9 (0.5-1.6) 0.69 2 (3) 5 (2) 1.4 (0.1-9.0) 0.65 
Buka buka 11 (16) 43 (18) 0.9 (0.4-1.9) 0.86 0 (0) 0 (0) - - 
Tiger fish 3 (4) 11 (5) 0.9 (0.2-3.7) 1.00 0 (0) 0 (0) - - 
Vegetables  
Green leafy 63 (91) 239 (98) 0.2 (0.1-1.9) 0.02 52 (75) 227 (93) 0.2 (0.1-0.5) 0.0001 
Egg plants 20 (29) 118 (48) 0.4 (0.2-0.8) 0.004 3 (4) 21 (9) 0.5 (0.1-1.7) 0.31 
Tomatoes 66 (96) 236 (97) 0.7 (0.2-4.5) 0.71 62 (90) 232 (95) 0.5 (0.2-1.4) 0.15 
Onions 62 (90) 232 (95) 0.5 (0.2-1.4) 0.15 60 (88) 225 (94) 0.5 (0.2-1.4) 0.11 
Fruits (available throughout the year)] 
Bananas 30 (43) 132 (54) 0.6 (04-1.1) 0.15 10 (14) 28 (11) 1.3 (0.5-2.9) 0.54 
Oranges 27 (39) 105 (43) 0.8 (0.5-1.5) 0.58 4 (6) 22 (10) 0.6 (0.1-1.9) 0.47 
Lemons 18 (26) 73 (30) 0.8 (0.4-1.5) 0.55 4 (6) 14 (6) 1.0 (0.2-3.3) 1.00 
Apples 23 (33) 113 (46) 0.6 (0.3-1.0) 0.06 4 (6) 14 (6) 1.0 (0.2-3.3) 1.00 
Pineapples 8 (11) 36 (15) 0.7 (0.3-1.7) 0.56 4 (6) 14 (6) 1.0 (0.2-3.3) 1.00 
Strawberries 2 (3) 12 (5) 0.8 (0.1-2.7) 0.74 0 (0) 0 (0) - - 
Fruit combined 38 (54) 167 (68) 0.5 (0.3-0.98) 0.03 14 (20) 41 (17) 1.2 (0.6-2.5) 0.59 
Seasonal fruit** 58 (81) 182 (75) 1.4 (0.7-2.9) 0.35 - - - - 
*Significance testing was performed using Fisher’s exact test or Chi square for proportions.  
**Seasonal fruit included mangos, papayas, baobabs, watermelons and mulberries. 
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Also shown in the table are results for the Univariate analysis. Patients who 

regularly consumed green vegetables, eggplants or fruit were less likely to have GA 

(Table 4.4). Overall, 279/314 (89%) of the patient admitted to consuming green 

vegetables on a daily basis. Only 42/314 (18%) were taking at least one type of fruit 

daily. 30/314 (10%) of all the patients ate meat (red or white) on a daily basis. Using 

unconditional logistic regression adjusted for age, sex and residence, GA patients 

were less likely to consume green vegetables daily [OR 0.2; 95% CI 0.1-0.5, 

p=0.0001]. 

 

4.2.1.4 Consumption and excretion of sodium 

Using an interviewer administered questionnaire, data were collected on salt 

intake. Only 47/310 (15%) of the patients reported not adding extra salt to their food. 

Sixty-two percent (191/310) added salt all the time, 28/310 (9%) added it very often 

while 44/310 (14%) added it infrequently. GA patients did not report adding any more 

salt than those without cancer (p=0.65).  

 

 
Figure 4.11: Correlation between the Tanaka and Kawasaki methods 
for estimation of 24-hour sodium excretion 
*Significance determined using the Spearman's rank correlation coefficient, as the data were 
non-parametric 
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When asked about salt preference, 57/310 (19%) admitted to liking very salty 

food, 49/310 (16%) salty foods, 171/310 (56%) slightly salty and 30/310 (10%) 

reported liking their food not salty. Salt preference was not different between the two 

groups (p=0.43).  

Measured spot urine sodium and creatinine levels were available for 262 

patients. The Spearman correlation co-efficient between the two methods was 0.99 

(Figure 4.11). Estimating the 24-hour sodium intake showed that 99.2% of these 

patients had high sodium using the Tanaka method and 99.6% using the Kawasaki 

method. The sodium was considered high if more than the WHO recommended daily 

intake of 2 g or 5 g for total salt.   

 

The median sodium excretion was 19 g (IQR 14-24 g) with the Tanaka 

method and 41 g (IQR 30- 56 g) with the Kawasaki method. There was no correlation 

between estimated sodium excretion and reported salt preference or addition of extra 

salt to food, (Figures 4.12 (a) and (b)). 

 

 
Figure 4.12 (a): Estimated 24 hour urine sodium stratified by reported addition of extra 
salt to already prepared food    
*Significance tested using a non-parametric test across ordered groups. The error bars are showing the 5-95 
percentile. 
 

A comparison of sodium excretion between GA cases and controls showed that the 

cases had significantly less sodium excretion determined by either the Tanaka or the 
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Figure 4.12 (b): Estimated 24 hour urine sodium stratified by salt preference 
*Significance tested using a non-parametric test across ordered groups. The error bars are showing the 5-95 
percentile. 

 

The median sodium excretion with the Tanaka method was 21 g (IQR 16-25 

g) for controls and 12 g (IQR 9-16 g) for GA cases (p=0.0001). Using results for the 

Kawasaki method, the median for controls was 46 g (IQR 34-58 g), while it was 23 g 

(IQR 16-34 g) for GA cases (p=0.0001). 

 

4.2.1.5 Mycotoxins  

4.2.1.5.1 Urinary aflatoxin M1 

Of 313 patients with aflatoxin M1 results, 192 (61%) had detectable toxin in 

their urine. The median urinary aflatoxin M1 level was 33 (IQR 2-53) ng/ml and after 

correcting for urine creatinine, the median was 18 (IQR 1.7- 40) ng/mg creatinine. 

This was not dependent on age (p=0.42) or sex (p=0.46), but was significantly higher 

in patients living in urban areas (Figure 4.13). Having aflatoxin in urine was not 

higher in patients without basic household goods (p=0.13), education (p=0.17) or 

good housing (p=0.11). Patients in the control group had higher levels of corrected 

urinary aflatoxin M1 than those with GA, median 20; IQR 2-40 ng/mg creatinine and 

2; IQR 1-13 ng/mg creatinine respectively (Figure 4.13). 

Measured levels of aflatoxin M1 were then compared by month of enrolment. 

The lowest levels were for months between February and May (Figure 4.14). 
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Figure 4.13: Urinary aflatoxin M1 stratified by residence and the presence of gastric 
adenocarcinoma 
*Significance tested using the Mann Whitney test. The error bars are showing the standard deviation. 

 

 

 
Figure 4.14: Median levels of aflatoxin M1 by month of sample collection 
*Significance tested using the Kruskal-Wallis test. 

 

4.2.1.5.2 Serum Ochratoxin A 

Of the patients with ochratoxin results, 335/349 (96%) had evidence of 

ochratoxin A in their blood. The median level was 0.1 ng/ml (IQR 0.2-0.6 ng/ml). 

There was no significant difference in ochratoxin levels for patients living in rural or 

urban areas (Figure 4.15). Similarly, ochratoxin levels were not different between GA 

cases and controls (Figure 4.15). Age, sex and socio-economic class had no 

influence on ochratoxin levels (p= 0.21, 0.69 and 0.12 respectively). 
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Levels of ochratoxin A were compared by month of enrolment. The lowest 

levels were observed in October (Figure 4.16). 

 

 
Figure 4.15: Serum ochratoxin a stratified by residence and the presence of gastric 
adenocarcinoma  
*Significance tested using the Mann Whitney test. The error bars are showing the standard deviation. 
 
 

 Figure 4.16: Median levels of ochratoxin A by month of sample collection 
*Significance tested using the Kruskal-Wallis test. 
 

4.2.1.6 HIV infection 

Overall, 61/311 (21%) of the patients included in the risk factor analysis were 

HIV positive. There was no significant difference in HIV status between GA and 

controls [OR 1.1; 95% CI 0.5-2.3, p=0.86]. Having HIV infection did not increase the 

odds of EBV associated GA [OR 1.5; 95% CI 0.02-22, p=1.0] or microsatellite 
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significantly different levels of aflatoxins (p=0.09) or ochratoxins (p=0.59) than HIV 

negative patients. Evidence of oxidative stress to DNA was not different by HIV 

infection (p=0.31). 

 

4.2.2 Risk factors for gastric premalignant lesions 

In Figure 4.17, socio-economic indicators were compared between patients 

with GP and controls. Some of the measured parameters including lack of water, a 

television, decoder, fridge or job were more likely in patients with GP.  

 

 Figure 4.17: Socio-economic indicators of patients with gastric premalignant lesions 
compared to controls  
*The solid vertical line is a null effect line, while the dotted one is showing the summary effect.  
**Significance testing was performed using Fisher’s exact test. 
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The rest of the parameters had horizontal lines depicting confidence intervals, 

which were crossing the solid vertical line and therefore were not statistically 

significant (Figure 4.17). Unconditional logistic regression adjusted for age, sex and 

residence did not yield any statistically significant socio-economic indicator.  

Thirty-seven (13/35) of the patients with GP lesions were reliant on biomass fuel in 

their homes. Unlike with gastric cancer, there was no association between having GP 

lesions and biomass smoke exposure [OR 1.5; 95% CI 0.7-3.3, p=0.32]. Due to the 

small numbers of patients with GP, only data for regular food consumption were 

reported. Regular consumption of eggplants and onions were more likely in patients 

with GP lesions than those without, p=0.03 and p=0.001 respectively (Table 4.5). 

Green vegetables and tomatoes showed a similar trend but were not statistically 

significant (p=0.07 and p=0.05 respectively, Table 4.5). Unconditional logistic 

regression adjusted for age, sex and residence regular consumption of bream [OR 

0.4; 95% CI 0.2-0.9, p=0.02] and onions remained protective [OR 0.2; 95% CI 0.1-

0.5, p=0.002].  

Estimated 24 hour urine sodium excretion done by the Tanaka formula did 

not differ between GP cases, median 21 g (IQR 16-25) and controls 21 g (IQR 16-28, 

p=0.61). With the Kawasaki formula, the levels in the two groups were also similar, 

46 g (IQR 34-58) for GP cases and 43 g (IQR 29-70) for controls. Similarly, levels of 

the two measured mycotoxins were similar between the two groups, aflatoxin M1 

(p=0.22) and ochratoxin A (p=0.06). The proportion of HIV infection was similar 

between GP patients and those without [OR 0.6; 95% CI 0.1-1.9, p=0.47]. 
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   Table 4.5: Dietary intake for patients with gastric premalignant lesions and controls 

 Regular consumption (at least 2-4 times a week)  

Food type (daily 
consumption of) 

GP 
n(%) 

Controls 
n(%) 

Univariate 
OR (95% CI) 

P value 

Chicken 15 (43) 128 (52) 0.7 (0.3-1.5) 0.37 
Unprocessed meat 
Beef  22 (63) 175 (72) 0.7 (0.3-1.5) 0.32 
Pork 7 (20) 39 (16) 1.3 (0.5-3.4) 0.63 
Goat 4 (11) 25 (10) 1.1 (0.3-3.6) 0.77 
Game  2 (6) 3 (1) 4.9 (0.4-44) 0.12 
Combined 
unprocessed meat 

20 (57) 143 (59) 0.9 (0.4-2.1) 0.86 

Processed meat 
Polony 1 (3) 29 (12) 0.2 (0.01-1.4) 0.15 
Hungarian sausage 9 (26) 78 (32) 0.7 (0.3-1.7) 0.56 
Bacon  2 (6) 9 (4) 1.6 (0.2-8.1) 0.63 
Ham 1 (3) 8 (3) 0.9 (0.02-6.8) 1.00 
Canned meat 0 (0) 2 (0) - 1.00 
Other sausage 8 (23) 76 (31) 0.7 (0.2-1.6) 0.43 
Salami 0 (0) 3 (1) - 1.00 
Combined 
processed meat 

12 (34) 121 (50) 0.5 (0.2-1.2) 0.10 

Fish 
Bream 14 (40) 152 (62) 0.4 (0.2-0.9) 0.02 
Kapenta 17 (49) 122 (50) 0.9 (0.4-2.0) 1.00 
Buka buka 3 (9) 43 (18) 0.4 (0.1-1.5) 0.23 
Tiger fish 2 (6) 11 (5) 1.3 (0.1-6.3) 0.67 
Combined fish 26 (74) 194 (80) 0.7 (0.3-1.2) 0.51 
Vegetables  
Green leafy 32 (91) 239 (98) 0.2 (0.04-1.5) 0.07 
Egg plants 10 (29) 118 (48) 0.4 (0.2-1.0) 0.03 
Tomatoes 31 (89) 236 (97) 0.3 (0.1-1.3) 0.05 
Onions 27 (77) 232 (95) 0.2 (0.1-0.5) 0.001 
Fruits 
Bananas 22 (63) 132 (54) 1.4 (0.7-3.3) 0.37 
Oranges 14 (40) 105 (43) 0.9 (0.4-1.9) 0.86 
Lemons 9 (26) 73 (30) 0.8 (0.3-1.9) 0.69 
Apples 16 (46) 113 (46) 1.0 (0.4-2.1) 1.00 
Pineapples 5 (14) 36 (15) 1.0 (0.3-2.7) 1.00 
Strawberries 2 (6) 12 (5) 1.2 (0.1-5.6) 0.69 
Fruit combined 25 (71) 181 (74) 0.9 (0.4-2.1) 0.69 
Seasonal fruit 22 (63) 182 (75) 0.6 (0.3-1.3) 0.14 

*Significance testing was performed using Fisher’s exact test or Chi square for proportions. Seasonal fruit included 
mangos, papayas, baobabs, watermelons and mulberries. 
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4.2.3 Infection with Helicobacter species in relation to gastric disease 

4.2.3.1 Antibody seropositivity to thirteen Helicobacter pylori antigens 

The first Helicobacter species analysed was Helicobacter pylori (H. pylori). 

Levels of antibodies to thirteen H. pylori antigens were measured in 325 patients. 

Overall, 278/325 (86%) were positive for these antibodies (defined as positivity to 

four or more antibodies). Results showed that age had no influence on overall H. 

pylori seropositivity with prevalence ranging between 73% and 100% when stratified 

in five-year age bands (Figure 4.18).  

Antibody concentrations obtained with H. pylori whole protein ELISA were 

correlated with antibody responses to each of the thirteen antigens applied in 

multiplex serology assay. 

 

 
Figure 4.18: Helicobacter pylori seropositivity stratified by five-year age bands 
*Significance tested using the Kruskal-Wallis test. 

 

Levels of serum IgG antibodies against whole-cell H. pylori were well 

correlated with all of the tested antibodies but catalase, p=0.12. There was a good 

correlation between individual antibodies. There was an unexpected negative 

correlation between CagA and NapA (Figure 4.19).  
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Figure 4.19: Correlation matrix for H. pylori antibodies 
**Significance determined using the Spearman's rank correlation coefficient, as the data were non-parametric. 

 

4.2.3.2 Comparison of Helicobacter pylori antibody levels between patients 

with gastric adenocarcinoma, premalignant lesions, active and chronic gastric 

inflammation 

Overall, H. pylori seropositivity to four or more antibodies was not higher in 

patients with either GA [OR 1.0; 95% CI 0.4-2.4, p= 0.80] or GP [OR 2.2; 95% CI 0.4-

19, p=0.39]. The presence of catalase antibodies was significantly higher in patients 

with GP lesions, while seropositivity to Cad was significantly lower in the GA group. 

None of the other antibodies were significantly different across the three groups 

(Table 4.6).  H. pylori seropositivity was not different when stratified by either BMI 

(p=0.28), gastric pH (p=0.35), urinary aflatoxin M1 (p=0.11), serum ochratoxin A 

(p=0.89), 1-OHP (p=0.36), 8-OHdG (p=0.54) or salt excretion determined by Tanaka 

(p=0.10) or Kawasaki (p=0.06) methods. 

 
 
 
 
 

An#-	
bodies	

groel	 urea	 hp0231	 napa	 hp0350	 hpaa	 caga	 hyua	 catal	 vaca	 hcpc	 cad	 omp	

An#bodies	

Groel	 0.0001	

urea	 0.003	 0.1	

hp0231	 0.0001	 0.007	 0.0001	

napa	 0.0002	 0.005	 0.01	 0.12	

hp0305	 0.0001	 0.0001	 0.42	 0.0001	 0.0009	

hpaa	 0.0001	 0.0001	 0.02	 0.0001	 0.62	 0.0001	

caga	 0.0001	 0.0001	 0.92	 0.03	 0.0006	 0.06	 0.0001	

hyua	 0.0001	 0.0002	 0.006	 0.0001	 0.06	 0.0002	 0.0001	 0.21	

catalase	 0.12	 0.8	 0.0001	 0.0001	 0.05	 0.0009	 0.001	 0.17	 0.0001	

vaca	 0.0001	 0.0001	 0.1	 0.0003	 0.99	 0.0001	 0.0001	 0.0001	 0.0001	 0.06	

hcpc	 0.0001	 0.0001	 0.52	 0.0001	 0.36	 0.0001	 0.0001	 0.0001	 0.0004	 0.02	 0.0001	

cad	 0.0001	 0.0001	 0.0003	 0.001	 0.05	 0.0001	 0.0001	 0.01	 0.0001	 0.0001	 0.0001	 0.0001	

omp	 0.0001	 0.0001	 0.59	 0.0001	 0.16	 0.0001	 0.0001	 0.0001	 0.003	 0.004	 0.0001	 0.0001	 0.0003	

Key:	Spearman’s	rho	
1.0	 >0.5	 >0.4	 >0.3	 >0.2	 >0.1	 <0.0	

*The	value	in	each	cell	
represents	the	P	value	
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Table 4.6: Seropositivity to H. pylori antibodies and gastric cancer or premalignant lesions 

 
*Significance testing was performed using Fisher’s exact test for proportions 

 

To investigate the dose dependent effects of H. pylori antibodies on GA risk, 

measured median fluorescence intensity (MFI) values were divided into quartiles. 

Applying unconditional logistic regression adjusting for age and sex and using 

negative samples as the reference showed statistically significant trends of reducing 

odds of gastric cancer with increasing antibody responses to VacA and Cad (Table 

4.7). Similarly, there was a trend of reducing odds of gastric premalignant lesions 

with increasing antibody response to catalase (Table 4.7). 

Of the 223 controls with H. pylori serology results, 48/223 (22%) had active 

and 172/223 (77%) had chronic gastric inflammation while three had no 

inflammation. H. pylori was seen on histology in 26/47 (55%) of patients with active 

gastric inflammation and 4/149 (3%) of those with chronic gastric inflammation [OR 

30; 95% CI 10-96, p<0.0001]. 

Serum levels of H. pylori antibodies were then compared in four groups, GA, 

GP, active and chronic gastric inflammation (Figures 4.20 (a) – (d)).  

  Controls 

 

Gastric cancer 

 

Premalignant lesions 

 

 Cut-off 

for 

positivity 

n=223 

n (%) 

n=66 

n (%) 

Odds ratio 

(95%CI) 

P 

value 

n=27 

n (%) 

Odds ratio 

(95%CI) 

P 

value 

GroEL  68 163 (73) 52 (79) 1.4 (0.7-2.9) 0.42 23 (85) 2.1 (0.7-8.7) 0.24 

UreA  95 45 (20) 14 (21) 1.1 (0.5-2.2) 0.86 7 (26) 1.4 (0.5-3.7) 0.46 

HP0231  95 69 (31) 13 (20) 0.5 (0.3-1.4) 0.09 6 (22) 0.6 (0.2-1.7) 0.50 

NapA  51 63 (28) 14 (21) 0.7 (0.3-1.4) 0.27 9 (33) 1.3 (0.5-3.2) 0.65 

HP0305  110 78 (35) 21 (32) 0.9 (0.5-1.6) 0.66 7 (26) 0.7 (0.2-1.7) 0.40 

HpaA 98 61 (27) 7 (26) 0.9 (0.3-2.4) 1.00 13 (20) 0.7 (0.3-1.3) 0.26 

CagA  654 211 (95) 62 (94) 0.9 (0.3-3.9) 0.77 26 (96) 1.4 (0.2-65.6) 1.00 

HyuA  114 39 (17) 14 (21) 1.3 (0.6-2.6) 0.47 7 (26) 1.7 (0.5-4.4) 0.30 

Catalase  107 70 (31) 19 (29) 0.9 (0.5-1.7) 0.76 16 (59) 3.2 (1.3-8.0) 0.005 

VacA  114 169 (76) 45 (68) 0.7 (0.4-1.3) 0.26 21 (78) 1.1 (0.4-2.8) 1.00 

HcpC  71 168 (75) 44 (67) 0.7 (0.3-1.3) 0.20 20 (74) 0.9 (0.4-2.8) 1.00 

Cad  62 65 (29) 8 (12) 0.3 (0.1-0.8) 0.006 13 (48) 2.3 (0.9-5.5) 0.05 

Omp  137 194 (87) 53 (80) 0.6 (0.3-1.4) 0.23 22 (81) 0.7 (0.2-2.4) 0.39 
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Table 4.7: Gastric cancer and premalignancy risk stratified by strength of antibody response 
to Helicobacter pylori adjusted for age and sex  
 Controls Gastric 

cancer 
Odds 
ratio 

95% CI Premalignant 
lesions 

OR 95% CI 

 n (%) n (%)   n (%)   
GroEL         
Negative* 60 (27) 14 (21) 1.00 (ref)  4 (15) 1.00 (ref)  
MFI 1st quartile  33 (15) 18 (27) 2.13 0.90-5.00 6 (22) 1.78 0.44-7.21 
MFI 2nd quartile 39 (17) 13 (20) 1.37 0.56-3.35 8 (30) 2.65 0.71-9.89 
MFI 3rd quartile 38 (17) 15 (23) 1.36 0.56-3.29 6 (22) 1.82 0.45-7.34 
MFI 4th quartile 53 (24) 6 (9) 0.38 0.13-1.11 3 (11) 0.61 0.12-3.04 
    p=0.08   p=0.62 
UreA        
Negative* 178 (80) 52 (79) 1.00 (ref)  20 (74) 1.00 (ref)  
MFI 1st quartile  11 (5) 3 (5) 1.03 0.26-4.08 0 (0) 1 - 
MFI 2nd quartile 9 (4) 6 (9) 2.27 0.72-7.12 3 (11) 3.63 0.84-15.71 
MFI 3rd quartile 12 (5) 2 (3) 0.57 0.12-2.72 2 (7) 1.21 0.23-6.41 
MFI 4th quartile 13 (6) 3 (5) 0.58 0.15-2.24 2 (7) 0.62 0.12-3.38 
    p=0.61   p=0.95 
HP0231        
Negative* 154 (69) 53 (80) 1.00 (ref)  21 (78) 1.00 (ref)  
MFI 1st quartile  19 (9) 2 (3) 0.20 0.04-1.00 2 (7) 0.42 0.08-2.13 
MFI 2nd quartile 15 (7) 6 (9) 1.07 0.37-3.09 1 (4) 0.39 0.04-3.36 
MFI 3rd quartile 18 (8) 3 (5) 0.51 0.14-1.90 1 (4) 0.49 0.06-3.95 
MFI 4th quartile 17 (8) 2 (3) 0.31 0.06-1.48 2 (7) 0.91 0.18-4.51 
    p=0.08   p=0.44 
NapA        
Negative* 160 (72) 52 (79) 1.00 (ref)  18 (67) 1.00 (ref)  
MFI 1st quartile  13 (6) 6 (9) 1.70 0.58-5.00 1 (4) 0.77 0.09-6.83 
MFI 2nd quartile 14 (6) 3 (6) 0.60 0.16-2.26 5 (19) 3.14 0.96-10.30 
MFI 3rd quartile 16 (7) 4 (6) 0.94 0.29-3.07 2 (7) 1.75 0.34-8.98 
MFI 4th quartile 20 (9) 1 (2) 0.14 0.02-1.12 1 (4) 0.46 0.05-3.85 
    p=0.09   p=0.71 
HP0305        
Negative* 114 (59) 34 (62) 1.00 (ref)  17 (71) 1.00 (ref)  
MFI 1st quartile  17 (9) 6 (11) 1.21 0.43-3.44 2 (8) 0.68 0.13-3.60 
MFI 2nd quartile 20 (10) 7 (13) 1.25 0.47-3.31 0 (0) - - 
MFI 3rd quartile 24 (13) 1 (2) 0.14 0.02-1.11 2 (8) 0.62 0.13-3.02 
MFI 4th quartile 17 (9) 7 (13) 1.15 0.42-3.15 3 (13) 1.08 0.27-4.36 
    p=0.52   p=0.57 
HpaA        
HpaA negative* 162 (73) 53 (80) 1.00 (ref)  20 (74) 1.00 (ref)  
MFI 1st quartile  11 (5) 7 (11) 2.02 0.71-5.81 3 (11) 2.29 0.55-9.58 
MFI 2nd quartile 14 (6) 2 (3) 0.51 0.11-2.40 3 (11) 1.79 0.43-7.54 
MFI 3rd quartile 18 (8) 2 (3) 0.26 0.06-1.23 1 (4) 0.40 0.05-3.28 
MFI 4th quartile 18 (8) 2 (3) 0.41 0.09-1.89 0 (0) - - 
    p=0.52   p=0.28 
CagA        
Negative* 12 (5) 4 (6) 1.00 (ref)  1 (4) 1.00 (ref)  
MFI 1st quartile  49 (22) 19 (29) 1.10 0.29-4.24 6 (22) 1.04 0.10-10.73 
MFI 2nd quartile 51 (23) 15 (23) 0.77 0.20-3.02 9 (33) 1.47 0.15-14.38 
MFI 3rd quartile 50 (22) 18 (27) 1.29 0.33-4.98 7 (26) 1.65 0.16-16.55 
MFI 4th quartile 61 (27) 10 (15) 0.60 0.15-2.45 4 (15) 0.76 0.07-8.22 
    p=0.40   p=0.83 
HyuA        
Negative* 184 (83) 52 (79) 1.00 (ref)  20 (74) 1.00 (ref)  
MFI 1st quartile  11 (5) 3 (5) 1.02 0.26-3.91 0 (0) - - 
MFI 2nd quartile 8 (4) 6 (9) 1.56 0.48-5.19 3 (11) 1.72 0.37-7.91 
MFI 3rd quartile 9 (4) 5 (8) 1.76 0.54-5.67 0 (0) - - 
MFI 4th quartile 11 (5) 0 (0) - - 4 (14) 2.26 0.60-8.45 
    p=0.61   p=0.45 
Catalase        
Negative* 153 (69) 47 (71) 1.00 (ref)  6 (22) 1.00 (ref)  
MFI 1st quartile  16 (7) 5 (8) 1.29 0.43-3.87 4 (15) 3.80 1.10-13.16 
MFI 2nd quartile 18 (8) 5 (8) 0.79 0.26-2.40 5 (19) 1.71 0.40-7.35 
MFI 3rd quartile 18 (8) 7 (11) 1.18 0.44-3.13 6 (22) 1.37 0.27-6.97 
MFI 4th quartile 18 (8) 2 (3) 0.28 0.06-1.35 6 (22) 4.07 1.25-13.26 
    p=0.30   p=0.04 
VacA        
Negative* 54 (24) 21 (32) 1.00 (ref)  11 (41) 1.00 (ref)  
MFI 1st quartile  40 (18) 14 (21) 0.79 0.35-1.82 5 (19) 0.88 0.22-3.48 
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MFI 2nd quartile 41 (18) 13 (20) 0.79 0.34-1.82 3 (11) 1.18 0.32-4.36 
MFI 3rd quartile 40 (18) 12 (18) 0.78 0.33-1.82 2 (7) 1.29 0.37-4.52 
MFI 4th quartile 48 (22) 6 (9) 0.29 0.11-0.82 6 (22) 1.02 0.29-3.55 
    p=0.04   p=0.80 
HcpC        
Negative* 77 (35) 29 (44) 1.00 (ref)  10 (37) 1.00 (ref)  
MFI 1st quartile  16 (7) 10 (15) 1.94 0.73-5.10 1 (4) 0.58 0.06-5.28 
MFI 2nd quartile 43 (19) 9 (14) 0.68 0.28-1.63 5 (19) 1.22 0.36-4.09 
MFI 3rd quartile 42 (19) 10 (15) 0.69 0.29-1.60 6 (22) 1.34 0.43-4.15 
MFI 4th quartile 45 (20) 8 (12) 0.47 0.19-1.17 5 (19) 0.98 0.30-3.25 
    p=0.05   p=0.79 
Cad        
Negative* 158 (71) 58 (88) 1.00 (ref)  14 (52) 1.00 (ref)  
MFI 1st quartile  19 (9) 0 (0) - - 3 (11) 1.54 0.38-6.17 
MFI 2nd quartile 18 (8) 3( 5) 0.43 0.12-1.58 1 (4) 0.64 0.08-5.31 
MFI 3rd quartile 11 (5) 4 (6) 0.94 0.28-3.23 6 (22) 4.80 1.43-16.11 
MFI 4th quartile 17 (8) 1 (2) 0.11 0.01-0.96 3 (11) 1.54 0.37-6.37 
    p=0.02   p=0.11 
Omp        
Negative* 29 (13) 13 (20) 1.00 (ref)  5 (19) 1.00 (ref)  
MFI 1st quartile  40 (18) 10 (15) 0.46 0.17-1.26 2 (7) 0.23 0.04-1.38 
MFI 2nd quartile 53 (24) 15( 23) 0.57 0.23-1.42 6 (22) 0.59 0.16-2.24 
MFI 3rd quartile 50 (22) 16 (24) 0.72 0.29-1.80 4 (15) 0.59 0.14-2.57 
MFI 4th quartile 51 (23) 12 (18) 0.43 0.17-1.13 10 (37) 1.12 0.33-3.83 
    p=0.29   p=0.34 
*MFL is median fluorescence intensity determined by the multiplex assay 

 

The findings were as follows: 

GroEL: Patients with active gastric inflammation had significantly higher levels of 

GroEL antibodies than those with chronic gastric inflammation (p=0.04).  

HP0305: Similar to GroEL, patients with active gastric inflammation had significantly 

higher HP0305 antibodies than those with chronic gastric inflammation (p=0.04). 

CagA: Antibodies to CagA were significantly higher in patients with active gastric 

inflammation than those with chronic gastric inflammation (p=0.0004), GA (p=0.0007) 

or GP (p=0.02). 

VacA: Patients with active gastric inflammation had significantly higher levels of 

VacA antibodies than those with chronic gastric inflammation (p=0.002) or GA 

(p=0.0006). 

HcpC: Antibodies to HcpC were significantly higher in patients with active gastric 

inflammation than those with chronic gastric inflammation (p=0.007) or GA 

(p=0.0006). 

Cad: GP patients had significantly higher levels of Cad compared to those with active 

gastric inflammation (p=0.01) or GA (p=0.0009). 
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Figure 4.20(a): GroEL, UreA, HP0231 and NapA in patients with GA, GP gastric  
Inflammation 
Significance tested using the Kruskal-Wallis test, *p-value<0.05, **p-value<0.01, ***p-value<0.001.  
The error bars are showing the standard deviation. 
 
 

 
Figure 4.20(b): HP0305, HapA, CagA and HyuA in patients with GA, GP gastric  
Inflammation 
Significance tested using the Kruskal-Wallis test, *p-value<0.05, **p-value<0.01, ***p-value<0.001.  
The error bars are showing the standard deviation. 

Can
ce

r

Pre
m

ali
gnan

cy

Chro
nic 

in
fla

m
m

at
io

n

Act
ive

 in
fla

m
m

at
io

n

-5000

0

5000

10000

15000
G

ro
E

L

Can
ce

r

Pre
m

ali
gnan

cy

Chro
nic 

in
fla

m
m

at
io

n

Act
ive

 in
fla

m
m

at
io

n
-5000

0

5000

10000

15000

20000

U
re

A

Can
ce

r

Pre
mali

gnan
cy

Chro
nic 

infla
mmati

on

Acti
ve

 in
fla

mmati
on

-5000

0

5000

10000

15000

H
P

02
31

Can
ce

r

Pre
mali

gnan
cy

Chro
nic 

infla
mmati

on

Acti
ve

 in
fla

mmati
on

-5000

0

5000

10000

15000

20000

N
ap

A

*	

	

Can
ce

r

Pre
mali

gnan
cy

Chro
nic 

infla
mmati

on

Acti
ve

 in
fla

mmati
on

-2000

0

2000

4000

6000

H
P

03
05

Can
ce

r

Pre
mali

gnan
cy

Chro
nic 

infla
mmati

on

Acti
ve

 in
fla

mmati
on

-1000

0

1000

2000

3000

H
ap

A

Can
ce

r

Pre
mali

gnan
cy

Chro
nic 

infla
mmati

on

Acti
ve

 in
fla

mmati
on

0

10000

20000

30000

40000

50000

C
ag

A

Can
ce

r

Pre
mali

gnan
cy

Chro
nic 

infla
mmati

on

Acti
ve

 in
fla

mmati
on

-5000

0

5000

10000

15000

20000

H
yu

A

*	

*** 		
*
	

*** 		



	

76 

 

 
Figure 4.20(c): Catalase, VacA, HcpC and Cad in patients with GA, GP gastric  
Inflammation 
Significance tested using the Kruskal-Wallis test, *p-value<0.05, **p-value<0.01, ***p-value<0.001.  
The error bars are showing the standard deviation. 
 
 

 
Figure 4.20(d): Omp in patients with GA,  
GP gastric inflammation 
Significance tested using the Kruskal-Wallis test,  
*p-value<0.05, **p-value<0.01, ***p-value<0.001.  
The error bars are showing the standard deviation. 
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Omp: Antibodies to Omp were significantly higher in patients with active gastric 

inflammation than those with chronic gastric inflammation (p=0.002) or GA (p=0.03). 

Serum levels of the antibodies UreA, HP0231, NapA, HapA, HyuA, and Catalase 

were not significantly different between any of the groups evaluated. 

Analysing for the utility of CagA and VacA to identify H. pylori positive 

patients with active gastric inflammation, antibody responses to these two proteins 

had a sensitivity of 100% but a very poor specificity of 6%. When analysed 

separately, CagA had a sensitivity of 100% and a specificity of 7%, while the 

sensitivity and specificity for VacA were 98% and 28% respectively.  

Testing for the presence of active H. pylori infection using the urease test 

showed that 32/86 (37%) was urease positive. Urease positivity was not any higher 

in patients with GA [OR 1.3; 95% CI 0.3-5.0, p=0.76] or GP [OR 1.5; 95% CI 0.2-12, 

p=0.68]. However, patients with active gastric inflammation were more likely to have 

positive urease tests than those with chronic inflammation [OR 4.2; 95% CI 1.0-19, 

p=0.03]. 

 

4.2.3.3 Socio-economic status and Helicobacter pylori infection 

Using the socio-economic indicators described in section 4.2.1.1 above, an 

association with H. pylori infection was sought. Figure 4.21 showed that the 

horizontal lines representing confidence intervals were crossing the solid vertical line, 

and therefore having a poor house, kitchen or water source, and not owning a 

television, decoder, computer, car, microwave or fridge was not significantly linked to 

the presence of H. pylori infection (Figure 4.21). In addition, the education level of 

patients with H.pylori infection was not different from those without. 
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Figure 4.21: Socio-economic indicators of patients with and without H. pylori infection 
*The solid vertical line is a null effect line, while the dotted one is showing the summary effect. Significance testing 
was performed using Fisher’s exact test. 

 

4.2.3.4 Helicobacter bilis and Helicobacter Hepaticus in relation to gastric 

disease 

The quantities of antibodies to specific H. bilis and H. hepaticus were 

measured. For the former antibodies measured were P167c, P167d and Hrag_01504 

while HH0435, HH0713, HH1446 and HH0243 were measured for the latter. Overall 

107/296 (36%) of patients had antibodies to H. bilis and 269/296 (91%) had 

antibodies to H. hepaticus. Positivity to H. bilis and H. hepaticus antibodies was 

compared between patients with GA, GP and in controls. The odds of GA patients 

having either H. bilis or H. hepaticus were similar [OR 1.1; 95% CI 0.5-2.0, p=0.88] 

and  [OR 0.5; 95% CI 0.2-1.5, p=0.19] respectively. The results were similar for GP 

[OR 2.1; 95% CI 0.8-5.0, p=0.09] and [OR 0.7; 95% CI 0.2-3.8, p=0.46], respectively. 

GA patients had significantly higher levels of Hrag_01504, while those with GP had 
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higher levels of p167d, both antibodies against H. bilis (Table 4.8). The levels of H. 

hepaticus antibodies were similar in all the three groups of patients evaluated. The 

presence of H. bilis or H. hepaticus antibodies did not influence active gastric 

inflammation (p > 0.05 in all cases).  

 
Table 4.8: Comparison of H. bilis and H. hepaticus levels between patients with  
gastric adenocarcinoma, premalignant lesions and controls 

 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

*Significance tested using the Kruskal-Wallis test. 

 

4.2.4 Epstein-Barr virus infection in relation to gastric disease 

Epstein-Barr virus (EBV) serology antibody results were available for GA 

(n=59), GP (n=27) and controls (n=210).  

 Gastric 
adenocarcinoma 

n=59 

Controls 
n=210 

P value 

H. bilis 
P167c 7(1-46) 5(1-38) 0.78 
p167d 15(6-89) 23(6-93) 0.64 
Hrag_01504 29(11-66) 14(6-40) 0.02 
H. hepaticus 
HH0435 22(11-54) 30(18-70) 0.06 
HH0713 31(15-63) 23(14-44) 0.14 
HH1446 11(1-29) 8(1-33) 0.39 
HH0243 666(161-2220) 921(190-2608) 0.46 
 Gastric 

premalignant 
lesions 

n=27 

Controls 
n=210 

P value 

H. bilis 
P167c 15(1-200) 5(1-38) 0.06 
p167d 77(16-326) 23(6-93) 0.006 
Hrag_01504 15(9-49) 14(6-40) 0.61 
H. hepaticus 
HH0435 17(10-49) 30(18-70) 0.09 
HH0713 30(12-166) 23(14-44) 0.93 
HH1446 11(2-22) 8(1-33) 0.81 
HH0243 1188(185-2512) 921(190-2608) 0.91 
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Table 4.9: Epstein-Barr virus antibodies (presence and titres) compared between 
patients with GA, GP and controls, and between HIV positive and HIV negative patients 
EBV antibodies 
(median 
fluorescence 
intensity cut-off 
used) 

GA 
n=59 

Controls 
n=210 

OR (95% CI) P value 

Early antigen (300) 
 

39 (66%) 111 (53%) 1.7 (0.9-3.4) 0.08 

Viral capsid antigen (2500) 
 

55 (93%) 188 (90%) 1.6 (0.5-6.7) 0.47 

Epstein-Barr nuclear 
antigen (1800) 

59 (100%) 205 (98%) - 0.59 

BZLF1-encoded replication 
activator protein (200) 

47 (80%) 169 (80%) 1.0 (0.4-2.1) 0.86 

 GP 
n=27 

Controls 
n=210 

  

Early antigen (300) 
 

20 (74%) 111 (53%) 2.5 (1.0-7.4) 0.04 

Viral capsid antigen (2500) 
 

26 (96%) 188 (90%) 3.0 (0.4-130) 0.49 

Epstein-Barr nuclear 
antigen (1800) 
 

26 (96%) 205 (98%) 0.6 (0.1-31) 0.52 

BZLF1-encoded replication 
activator protein (200) 

26 (96%) 169 (80%) 6.3 (1.1-265) 0.06 

 HIV positive 
n=64 

HIV negative 
n=250 

  

Early antigen (300) 
 

53 (83%) 131 (52%) 4.4 (2.1-9.7) <0.0001 

Viral capsid antigen (2500) 
 

64 (100%) 221 (88%) - 0.001 

Epstein-Barr nuclear 
antigen (1800) 

60 (94%) 247 (99%) 0.2 (0.02-1.1) 0.04 

BZLF1-encoded replication 
activator protein (200) 

61 (95%) 198 (79%) 5.3 (1.6-28) 0.002 

EBV antibodies 
determined by the 
median 
fluorescence 
intensity 

HIV positive 
n=64 

HIV negative 
n=250 

  

Early antigen  
 

4515 (880-9830) 352 (45-1912) - 0.0001 

Viral capsid antigen  
 

12001 (10470-13179) 9178 (5411-11566) - 0.0001 

Epstein-Barr nuclear 
antigen 

10220 (7102-11905) 10903 (9274-12383) 
 

- 0.02 

BZLF1-encoded replication 
activator protein  

3135 (1194-6207) 895 (269-2405) - 0.0001 

*Significance testing was performed using Fisher’s exact and Kruskal-Wallis tests.  

 

EBV antibodies against Early Antigen (EA), Viral Capsid Antigen (VCA), 

Epstein-Barr Nuclear Antigen (EBNA) and BZLF1-encoded replication activator 

protein (ZEBRA) were measured quantitatively. Overall, 98% of the patients had EBV 
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antibodies in their serum. The presence of EBV antibodies was similar between GA 

patients and controls. However, EA levels were higher in patients with GP than those 

without (p=0.04; Table 4.9). Patients with EBER positive gastric cancer had higher 

median levels of EA (MFI 7290; IQR 1437-13559), VCA (MFI 12903; IQR 5774-

15527), EBNA (MFI 11000; IQR 10021-13520) and ZEBRA (MFI 6353; IQR 295-

10908), than those with EBER negative tumours EA (MFI 895; IQR 218-3737), VCA 

(MFI 10090; IQR 7217-12167), EBNA (MFI 10360; IQR 8334-12221) and ZEBRA 

(MFI 1646; IQR 285-3470). However, these differences did not reach statistical 

significance (all p values were greater than 0.05). 

EBV antibodies were then compared between HIV positive (n=64) and HIV 

negative (n=250) patients regardless of their clinical or histopathological or diagnosis. 

HIV positive patients were more likely to have antibodies to EA, VCA and ZEBRA but 

not EBNA (Table 4.9). A comparison of quantified EBV antibodies between HIV 

infected and uninfected patients showed that those with the infection had significantly 

higher levels of antibodies to EA, VCA and ZEBRA. Conversely, the levels of EBNA 

were significantly higher in the HIV uninfected group (Table 4.9). There was a good 

correlation between EBV antibodies, apart from VCA and EBNA (Figure 4.22). 

 

  
Figure 4.22: Correlation between EBV antibodies, EA, VCA, EBNA and ZEBRA 
*Significance determined using the Spearman's rank correlation coefficient, as the data were non-parametric. 
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4.3 Early detection of gastric mucosal lesions (objective three) 

The first part of this chapter (4.3.1) focuses on the time taken for gastric 

cancer diagnosis while the second part (4.3.2) reports the utility of blood in gastric 

juice as an indicator of gastric mucosal lesions. 

4.3.1 Time in weeks from the first consultation to gastric cancer diagnosis 

Patients with gastric tumours were asked about the exact duration of 

symptoms and when they first presented to a health care centre for assistance. 

Figure 5.3.1 shows the time in weeks for each GA patient, with the green bars 

representing time to first consultation and the orange bars being the time to OGD.  

 
Figure 4.23: Time in weeks from onset of symptoms to clinical diagnosis 
*Each horizontal line represents a gastric cancer patient. The x-axis shows time in weeks 
 

The median time to first health care consultation was 2 weeks, IQR 0-4 weeks. 

However, it took another median of 12 weeks, IQR 4-34 weeks before the diagnosis 

of a gastric tumour (Figure 4.23). Once requested, all OGDs were done within 2 

weeks.  

Figure 4.24 shows the median times to clinical diagnosis in weeks and the 

relative number of gastric cancer patients with their presenting symptoms. The 
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median time to diagnosis for those with abdominal pain, vomiting, blood loss or 

dysphagia was 16, 12, 16 and 4 weeks respectively (Figure 4.24).  

 

 
Figure 4.24: Time in weeks from first consultation to clinical diagnosis   
*The coloured coding signifies duration in weeks as indicated in the key. Each of the vertical bars represents an 
individual gastric cancer patient. IQR is the interquartile range  
 
 
 

4.3.2 Presence of blood in gastric juice as an indicator of gastric mucosal 

lesions  

The utility of gastric juice to predict presence of mucosal lesions was 

explored. 

4.3.2.1. Basic Characteristics of patients included to analyse the utility of blood 

in gastric juice 

Gastric juice samples were available from 276 patients. Of these, 147 (53%) 

were female and the median age was 49 years (IQR 40-64 years). 116 (42%) had 

mucosal abnormalities with 40 (34%) benign gastric ulcers, 34 (29%) duodenal 

ulcers and 33 (28%) gastric tumours. The remaining 9 (8%) had oesophageal 

abnormalities, polyps or non-specific inflammation. Of the 33 patients with gastric 
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tumours, 27 (82%) had adenocarcinoma. Patients with mucosal abnormalities were 

significantly older than those without (p<0.001) (Table 4.10).  

 
Table 4.10:  Comparison of the basic characteristics of patients with normal and 
abnormal oesophagogastroduodenoscopy findings  

 Abnormal 
OGD n=116: n 
(%) 

Normal 
OGD 
n=160: n 
(%) 

OR (95% 
CI) 

P 

Female 59 (51) 88 (55) 0.8 (0.5-1.4) 0.54 
Age in years, n (IQR) 57 (45-69) 45 (39-55) - <0.001 
Residence in capital city 70 (60) 116 (73) 0.6 (0.3-1.0) 0.03 
No employment 41 (36) 38 (24) 1.7 (1-3.1.0) 0.04 
No secondary education 55 (47) 44 (28) 2.3 (1.4-4.1) 0.001 
History of blood loss or 
anaemia 

34 (29) 20 (13) 2.9 (1.5-5.7) 0.001 

History of abdominal pain 75 (65) 122 (76) 0.6 (0.3-1.0) 0.04 
History of vomiting 12 (10) 12 (8) 1.4 (0.6-3.6) 0.52 
History of acid suppressing 
drugs 

71 (65) 108 (75) 0.6 (0.3-1.0) 0.07 

Current smoker 6 (6) 10 (10) 0.8 (0.2-2.5) 0.80 
Current intake of alcohol 30 (27) 32 (21) 1.4 (0.7-2.6) 0.30 
 Gastric tumour 

n=33: n (%) 
No gastric 

tumour 
n=243: n 

(%) 

OR (95% 
CI) 

P 

Female 18 (55) 129 (53) 1.1 (0.5-2.4) 1.00 
Age in years, n (IQR) 63 (53-71) 48 (39-60) - <0.001 
Residence in capital city 16 (48) 170 (70) 0.4 (0.2-0.9) 0.02 
No employment 16 (48) 63 (26) 2.6 (1.2-5.9) 0.01 
No secondary education 18 (55) 81 (33) 2.4 (1.1-5.4) 0.02 
History of blood loss or 
anaemia 

9 (27) 45 (19) 1.7 (0.6-4.0) 0.25 

History of abdominal pain 20 (61) 177 (73) 0.6 (0.3-1.3) 0.15 
History of vomiting 5 (15) 19 (9) 2.1 (0.6-6.4) 0.18 

*Significance testing was performed using Fisher’s exact, Chi square or Kruskal-Wallis tests 
 
 

4.3.2.2 Blood in gastric juice as a marker of gastric pathology 

 Overall, 95/276 (34%) of the patients had hypochlorhydria with gastric pH 

greater than 4. 179/276 (65%) had history of having taken acid suppressing 

medication within two weeks of enrolment. The median pH for the patients with 
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normal OGD was 6 while it was 5.5 in those with abnormalities, p=0.15. 57/276 

(21%) of the patients had pH less than 3 including 7 with pH 1, 21 pH 1.5, 20 pH 2 

and 9 pH 2.5. All these were diluted as outlined in the methods above. Excluding 

these samples from the analysis did not alter the results (data not shown). The 

occurrence of blood in gastric juice was higher in patients with abnormal endoscopic 

findings than those without, even at 1:10 and 1:100 dilutions (Table 4.11).  

 

Table 4.11: The presence of blood in gastric juice is associated with abnormal 
oesophagogastroduodenoscopy 

 
*Significance testing done with Fisher’s exact test 

 

The odds of having blood in gastric juice for patients with a history of blood loss or 

anaemia was 0.9; 95% CI 0.5-1.7, p=0.75.  

Patients were then stratified by endoscopic diagnosis including normal 

mucosa, gastric or duodenal ulceration or tumours. Figure 4.25 showed that 

increasing the dilution factor reduced the proportion of blood detection in patients 

with normal gastric mucosa. However, dilution also further increased the number of 

patients having mucosal abnormalities but without blood in gastric juice. 
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of	blood	
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Area	
under	
ROC	
curve	
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endoscopy	
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present	
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Blood	
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Blood	
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0.001	
	

0.56	 18%	 94%	
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4.3.2.3 Blood in gastric juice and gastric cancer 

  The proportion of patients gastric cancer patients with detectable blood in 

gastric juice was 30/33 (91%), while it was 145/243 (60%) in those without tumours, 

p=0.0005. The results were similar at 1:10 and 1:100 dilutions (Table 4.12).  

 

 
Figure 4.25: Presence of blood in diluted and undiluted gastric juice, stratified by 
oesophagogastroduodenoscopy diagnosis  

 

  A high intensity of blood in gastric juice defined by colour change signifying 

2+ or 3+ was higher in patients with gastric cancer 26 (79%) than in those without 55 

(23%) [OR 12.7; 95% CI 5-36, p<0.0001]. The sensitivity for cancer detection using 

blood in neat gastric juice was 91% with a specificity of 41%. 

  The area under the receiver operating characteristic (ROC) curve for gastric 

cancer detection was 0.66 (95 % CI of 0.6-0.72). Considering the intensity of blood 

(as defined above) in gastric juice for detection of gastric cancer, the area under the 
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ROC curve was 0.78 (95% CI of 0.71-0.86). The sensitivity of this approach was 79% 

with a specificity of 77%.  

 

Table 4.12: The presence of blood in gastric juice was associated with gastric tumours 

*Significance testing done with Fisher’s exact test 
 

 
  

Gastric	juice	 Presence	of	blood		 Gastric	

tumour	

n=33	

No	

tumour	

n=243	

OR;	95%	CI	 P	

Undiluted	 Blood	present	 30	(91%)	 145	(60%)	 6.7;	2-35.3	 0.0005	

	

1:10	

diluMon	

Blood	present	 24	(72%)	 79	(33%)	 5.4;	2.3-13.8	 <0.0001	

1:100	

diluMon	

Blood	present	 13	(39%)	 16	(7%)	 9.1;	3.5-23.3	 <0.0001	
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CHAPTER 5: DISCUSSION 

 

In this study, gastric cancer risk factors for adenocarcinoma were 

investigated. In addition, a strategy that could contribute towards early case detection 

was explored. The study demonstrated that gastric cancer was widespread 

throughout Zambia with similar occurrence in men and women; but as these data 

represented a convenience sample based on referral for OGD and not population-

based, they do not permit determination of national prevalence. The majority of 

gastric adenocarcinoma (GA) was of the intestinal type using the Lauren 

classification, and of the microsatellite unstable subtype (MLH1 negative). GA was 

associated with low socio-economic status, frequent exposure to biomass smoke and 

regular consumption of processed meat. However, regular consumption of fruits and 

vegetables were protective against GA. Helicobacter pylori antibodies did not show 

any usefulness for GA risk stratification. The study demonstrated a high consumption 

of salt in Zambia (although an inverse association with GA) and that testing for blood 

in gastric juice could be used as a simple, cheap and readily available strategy for 

identification of patients with gastric mucosal lesions. The information presented 

serve as a basis for future gastric cancer research in Zambia. 

Staging for gastric premalignant (GP) lesions showed that most of the 

patients did not need subsequent endoscopic follow-up. Overall, risk factors 

evaluated for GP showed similar trends to those of GA but many of the differences 

did not reach statistical significance.  

 
5.1 An overview of gastric cancer and premalignant lesions in Zambia  

This was a hospital-based study and patients referred for 

oesophagogastroduodenoscopy (OGD) were enrolled. Despite the known limitations 

of a hospital based study, mapping the town of permanent residence showed a fairly 

good representation of patients across the country correlating well with the 
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population distribution in Zambia. Most of the patients enrolled were from highly 

populated areas including Lusaka, the Copperbelt, Central and Southern provinces.  

As previously published, the median age for patients with gastric tumours was 

at least a decade less than that reported from developed countries with 20% of them 

being under the age of 45 years (early onset cancers). The prevalence was not 

significantly different between males and females. Gastric cancer patients had a 

lower median BMI than controls and coupled with poor outcomes, is suggestive of 

advanced disease. In addition, gastric cancer patients were more likely to present 

with persistent vomiting or dysphagia, symptoms most prominent in late gastric 

cancer. 

GA was the predominant type of cancer and studies from developed 

countries have linked it to low socio-economic status (Barker et al., 1990; 

Balakrishnan et al., 2017). A similar effect was therefore sought within a 

predominantly poor population. GA patients were less likely to possess basic 

household items and they were living in poorer quality houses without ready access 

to piped or treated water. This effect remained significant after adjusting for rural 

residence, which is where many of the GA patients were resident.  

A high proportion of GA observed was of the intestinal type. None of the 

proximal tumours were of the diffuse type, conforming to the understanding that 

diffuse GA has a predilection for the distal stomach and the body-antral transitional 

zone (Charlton et al., 2004). It has been estimated that globally, 20% of GA is of the 

diffuse type (Cancer.Net, 2017) but proportions as high as 48% have been reported 

from New Zealand (Ellison-Loschmann et al., 2017). The proportion of diffuse GA 

found in this study (which was 33%) is consistent with global estimates and 

therefore, cannot fully explain the high number of early-onset cancers. In addition, 

only a fifth of the diffuse cancers were early-onset. 

Evidence of loss of MLH1 expression in GA was investigated. Loss of MLH1 

expression is generally thought to occur in 13 to 44% of GA (Halling et al., 1999). 
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The higher proportion of MLH1 loss found in this study and its link to biomass smoke 

exposure therefore, warrants further investigation. In addition, loss of MLH1 was less 

likely in patients below the age of 45 years.  Carvalho et al. (2004) reported that 

patients with early onset GA all had MLH1 positive tumours without germline 

mutations of CDH1, TP53 or RUNX3.  

The OLGIM and OLGA staging systems were used to determine GA risk in 

patients with gastric premalignant (GP) lesions. Many of the patients with GP did not 

have stages of lesions high enough to warrant further endoscopic follow-up, using 

current guidelines (Capelle et al. 2010). Compounded with the patchy nature of these 

premalignant lesions, screening for GA using endoscopy is not only unaffordable but 

would not be practical to implement in Zambia.  

 
5.2 The role of infectious agents on gastric carcinogenesis in Zambia 

5.2.1 Helicobacter species   

Helicobacter pylori (H. pylori) infection is the single most important risk factor 

for gastric cancer and it is a class 1 carcinogen (IARC, 1994). The prevalence of H. 

pylori in Zambia is high even among healthy volunteers but previously published data 

did not show any association with gastric cancer (Kayamba et al., 2013). In this 

study, antibody responses to different immunogenic H. pylori proteins were analysed. 

With the help of collaborators at the Germany Cancer Research Centre in 

Heidelberg, antibodies to thirteen proteins, which had previously been identified by 

them as important for H. pylori pathogenicity, were tested and compared them 

between patients with GA, GP and controls.  

There was no evidence of an age cohort effect (increasing prevalence with 

age) for H. pylori seropositivity as reported from many western populations (Murray 

et al., 1997; Kokkola et al., 2003; Michel et al., 2014). H. pylori antibodies were 

generally well correlated with each other. Only levels of Cad (for GA) and Catalase 

(for GP) were significantly different between cases and controls. To test for a 
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probable dose effect, the median fluorescent intensity values for each antibody were 

categorised into quartiles. Overall, this analysis did not change the conclusions 

showing no significant association with GA or GP. With an understanding that H. 

pylori is the main cause of gastric inflammation, the controls were then divided into 

those with active or chronic inflammation. Separate comparison of each of these 

groups with GA and GP showed that active inflammation had significantly higher 

quantities of CagA, VacA, HcpC and Omp than GA. These data suggest that H. 

pylori alone might not be sufficient for gastric carcinogenesis. It could be an initial 

trigger, causing acute gastritis, but then other factors are needed to complete the 

process (Correa et al., 2007). Patients with active inflammation also had higher 

quantities of GroEL, HP0305, CagA, VacA, HcpC and Omp, than those with chronic 

inflammation. Therefore, these antibodies could be helpful in discriminating H. pylori 

positive patients with active inflammation without necessarily getting endoscopic 

biopsies. It could be a helpful biomarker to guide H. pylori eradication therapy. 

Data on other Helicobacter species with gastric disease are scant, and 

associations have not previously been investigated in Africa. Serological 

measurements of H. bilis and H. hepaticus antibodies showed that less than half the 

patients had positive readings for the former but more patients had evidence of 

exposure to the latter infection. Higher levels of H. bilis antibodies were found in GP 

patients while only one antibody was significantly associated with GA. Whether or not 

these findings are of any biological significance is yet to be established. The lack of 

association of these antibodies with inflammation is against the possibility of a similar 

pathway to that induced by H. pylori.  

 

5.2.2 Epstein Barr Virus and Human Immunodeficiency Virus 

Using in situ hybridisation, a similar proportion of Epstein-Barr virus (EBV) 

positive GA to that seen in populations with a lower burden of HIV infection was 

observed. A previous study reported that HIV infected patients were more likely to 
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have active EBV infection (Kayamba et al., 2016). This viral activity does not seem to 

influence EBV associated gastric carcinogenesis. Similarly, neither GA nor GP 

showed an association with serological measurements of EBV antibodies. However, 

there was an association between HIV and antibodies against EA, VCA and ZEBRA. 

EBNA, which mainly signifies past exposure, was higher in the HIV negative group. 

EBV is a very common viral infection acquired by almost everyone in childhood, and 

these results suggest that later acquisition of HIV infection could drive the re-

activation of EBV. Similar to the assessment of H. pylori antibodies, the correlation of 

these EBV antibodies with each other was evaluated. The results showed that one 

antibody does not necessarily predict the response of another. 

Over half of persons living with HIV infection are in east and southern Africa 

resulting into a very high disease burden (Avert, 2018). It was previously shown that 

gastric cancer was not associated with HIV infection (Kayamba et al., 2013), and that 

antiretroviral therapy did not significantly alter measures of gastric physiology 

(Kayamba et al., 2018). This study has similarly shown no association between 

gastric cancer and HIV infection, and that HIV infection itself does not influence 

oxidative stress to DNA, or increase the risk of EBER positive GA. 

 
5.3 The influence of diet and mycotoxin exposure on gastric cancer and 

premalignant lesions 

 
Green vegetables, fruits and meat 

The traditional Zambian diet, particularly in rural areas is predominantly vegetarian. 

This study was however still able to demonstrate that daily consumption of green 

vegetables reduces GA. Many Zambians do not eat fruit on a daily basis and the 

widely available or affordable fruits are predominantly seasonal. There is 

considerable evidence from industrialised countries, and these data add more 

evidence, in support of the protective properties of regular fruit intake. Some 

investigators reported a benefit of allium vegetables such as onions for protection 
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against GA (You et al., 1989; Zhou et al., 2011). These data did not show any 

significant protection against GA, but there was a statistically significant inverse 

relationship with GP. Therefore, the protective effect of onions could be most 

prominent during the early stages of gastric carcinogenesis. Regular consumption of 

eggplants was found to be protective against GA. Eggplants are not part of the 

traditional Zambian diet, but their consumption is increasing particularly in urban 

areas. They are solanaceous plants containing glycoalkaloids that are believed to 

have some anti-carcinogenic properties (Friedman, 2015). This could explain their 

negative association with GA. 

Daily consumption of processed meat was low but still showed a significant 

association with GA. Neither fish nor chicken consumption had any association with 

GA. 

Consumption of salt 

To estimate the 24-hour urinary sodium excretion, the Tanaka and Kawaski 

methods were used. There was a near perfect correlation of the estimates by these 

two methods, but the Kawasaki method generated higher values. High salt intake 

has been linked to several diseases (D'Elia L et al., 2014) and data from this study 

showed that Zambians consume significantly higher than the WHO recommended 

levels (median 19 g with Tanaka and 41 g Kawasaki methods). These levels are 

higher than the 13.5 g average reported from Korea, a country with the highest 

incidence of gastric cancer in the world (Shin et al., 2011). More than half of the 

patients enrolled admitted to adding extra salt to their food all the time, a practice 

strongly suggestive of excessive salt intake. GA patients, however, had less sodium 

excretion values than the controls. One reason for this observation could be that 

anorexia and abdominal pain associated with gastric cancer modify appetite and food 

intake dramatically. Also, hyponatraemia (a common reason for low urine sodium) 

occurs frequently in very ill patients. Patients who admitted to adding extra salt or 

preferring very salty food did not necessarily have the highest sodium excretion. This 
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could have been because individuals who took less salt the day before enrolment 

had less urinary salt regardless of their past intake or preferences. Therefore, 

measuring the salt content of food taken over a period of time would be a more 

accurate way of determining salt intake. Comparing the controls and GP patients 

showed no difference in estimated 24-hour urine sodium. With evidence of the 

influence of salt on gastric cancer, (which has not been shown here), it is possible 

that this effect occurs much later in the carcinogenic pathway after the development 

of GP. 

 

Aflatoxins and Ochratoxins 

The proportion of patients with detectable aflatoxin M1 in their urine was high 

particularly for those living in urban areas. It could be an indication of poor grain 

storage especially maize, which is the staple food in Zambia. Many rural households 

grow their own grain, with domestic storage and are less reliant on commercial maize 

or groundnuts. Socio-economic status did not show any influence on exposure to 

aflatoxins suggesting that the source of the toxin could also be from well-packaged 

commercially available maize and groundnut products consumed by urban dwellers, 

rich or poor alike. Gastric cancer patients had significantly lower aflatoxin levels than 

the controls. This could be because of changes in food intake as a result of the 

illness itself. Also, the metabolism of aflatoxins is quite rapid and the assay used was 

only validated to determine exposure of aflatoxin ingestion in the prior 2-3 days 

(Smith et al., 2017). Aflatoxins are well-established hepatic carcinogens and this 

study has shown that exposure to these toxins is high in Zambia. Similar to a study 

done in Zimbabwe involving over 1500 pregnant women (Smith et al, 2017), 

seasonal variations in the levels of aflatoxins measured were observed. Aflatoxin M1 

levels were lowest in the months around harvest time when most of the produce is 

fresh and consumption of stored grain is lowest. In Zambia, the major food crops 
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such as maize and groundnuts are typically planted in November to December and 

harvested in April and May.  

Exposure to ochratoxins was very high in this patient group. The proportions 

found were much higher than those reported among Koreans (42%), a population 

with the highest gastric cancer rates in the world (Jung et al., 2015). But unlike the 

aflatoxins, there was no significant difference between urban and rural residents or 

between GA/GP cases and controls. The quantities of ochratoxin excreted in urine 

were also much lower than those of aflatoxins.  

 
5.4 Biomass smoke and gastric cancer 
 

Zambia has one of the highest deforestation rates in the world with an 

estimated 250,000 hectares lost per year (NASEM, 2018), most of which is due to 

over-dependence on charcoal. Data from this study have shown that use of firewood 

and charcoal and ultimately exposure to biomass smoke contributes to gastric 

carcinogenesis. Patients exposed to biomass smoke had significantly higher levels of 

8-Hydroxydeoxyguanosine (8-OHdG) than those not frequently exposed, suggesting 

a link between biomass smoke and oxidative stress. This corroborates well with a 

Norwegian study in which they found that oxidative damage to DNA and repair was 

induced by wood smoke particles in human A549 and THP-1 cell lines (Danielsen et 

al., 2009). In addition, long-term inhalation of biomass smoke was reported to induce 

DNA damage in airway cells (Mukherjee et al., 2013). Differences in measured 8-

OHdG between cases and controls could be a result of carcinogenesis and not an 

aetiological factor. However, these observations suggest a causal pathway, in that 

DNA damage was increased in patients without GA who were exposed to biomass 

smoke. The association of GP with biomass smoke was not statistically significant, 

but this could have been due to the small number of cases evaluated. In addition, it 

could have been a manifestation of the variable gastric carcinogenic pathways, some 

of which are known not to follow the Correa pathway. 
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  Measured urinary levels of 1-Hydroxypyrene (1-OHP), a metabolite of 

polycyclic aromatic hydrocarbons (PAH) was not associated with GA, GP or 

exposure to biomass smoke. However, 1-OHP might not be the best biomarker for 

assessment of long-term biomass smoke exposure as metabolism of PAH is very 

rapid, and therefore checking for metabolites in urine might not necessarily be an 

accurate reflection of such exposure. As with salt and mycotoxins, changes in 

behaviour when gastric cancer developed could have led to reduced exposure to 

biomass smoke resulting in lower 1-OHP levels. In addition, measured PAH 

metabolites could have also come from other sources such as fumes from diesel 

engines, resulting in higher readings in patients not reliant on biomass fuels. A study 

cohort including 256,357 men in Sweden showed that there was an increased risk of 

gastric cancer in workers exposed to diesel fumes (Sjödahl et al., 2007). Additionally, 

a 15-year UK cohort study involving over 34 000 employees in eight UK oil refineries 

found that gastric cancer risk was increased in labourers with long service compared 

to the UK general population (Rushton et al., 1981). All these data illustrate the need 

for further research on environmental pollution and gastric cancer. 

 
5.5 Need for, and feasibility of, new approaches to early detection 

Poor gastric cancer patient outcomes have usually been attributed to 

advanced disease stage on presentation. This study showed that many of patients 

did seek medical attention but were not promptly identified as requiring OGD to 

facilitate definitive diagnosis. Delays reported by the patients stretched even up to 

one year after first presentation. The lack of specific alarm symptoms for early gastric 

cancer makes it difficult for health care providers to suspect early cancer. This study, 

therefore, explored the feasibility of using a simple method for identifying individuals 

likely to have gastric mucosal lesions and in need of endoscopic evaluation. The 

results showed that testing for blood in gastric juice was sensitive for suspected 

gastric cancer. This strategy could assist health care providers in low-resource 
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settings. I collected gastric juice during OGD but the juice could also be obtained 

using a thin nasogastric tube as a simple bedside sample collection tool. 

Alternatively, the patient could swallow a tethered capsule for detection of 

haemoglobin. 

Endoscopy with biopsy is the gold standard for gastric cancer diagnosis, but it 

is expensive, invasive and requires trained personnel, making it difficult to implement 

on a population level in most sub-Saharan countries. In Korea, a high gastric cancer 

incidence country, its national screening programme using endoscopy was shown to 

significantly reduce the likelihood of dying from gastric cancer (Jun et al., 2017). 

Such a programme however cannot be implemented in regions with scarce 

endoscopic facilities. A more effective strategy, therefore, would be to direct the 

limited resources to individuals most likely to have early gastric lesions. In Zambia for 

example, a 38-year audit showed that close to 70% of the endoscopies done were 

non-revealing (Kayamba et al. 2015). With the correct screening tool, it could have 

been possible to identify patients who were more likely to have pathology and in 

need of endoscopy.  

Recently, there has been a surge of publications on non-invasive ways of 

diagnosing gastric cancer and premalignant lesions using easily obtained specimens 

such as urine or blood but these use molecular technologies, which are difficult to set 

up in rural Africa. A simpler bedside test, which can deliver the results instantly, 

would be more useful. The use of urinary reagent strips is one such strategy as they 

are fairly cheap and readily available even in the most basic centres, using health 

workers with very basic training.  

 

5.6 Limitations of the case-control approach in understanding cancer risk 
 

There were some limitations that were considered for this study. 

5.6.1 Case-control design 
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With this design, the study was evaluating risk factors that patients had been 

exposed to. Recall bias could have impacted some data, particularly from the food 

frequency questionnaire. There could have ultimately been some mis-classified 

dietary consumption patterns. Secondly, being hospital based, all cases and controls 

alike had some sort of symptoms. 

 

5.6.2 Biomarkers measured 

The 1-OHP, aflatoxin and ochratoxin assays used could not determine long-

term exposure. This reduced the power of the study to detect associations, as 

behaviour or dietary modifications driven by disease could have affected biomarker 

concentrations in body fluids. Similarly, the 24-hour urine sodium did not account for 

long-term salt intake.  

 

5.6.3 Inadequate tissue for EBER CISH and immunofluorescence 

It was not possible to run EBER CISH on all the GA biopsies as some of the 

tissue had been depleted when evaluating for histological diagnosis. Endoscopic 

biopsies are very small about 2-3 mm (Turk et al., 1991) and even after taking a 

minimum of six biopsies, processing for histopathological diagnosis used most of the 

tissue in some cases. There was not access to any resected specimens as very few 

of the patients were offered operative therapy. However, the data obtained, were still 

very helpful as they correlated well with serology. 

 

5.6.4 Blood in gastric juice 

Endoscopic intubation could have caused some mucosal abrasions before 

collecting the gastric juice. The urinary reagent strips used in this study were 

sensitive even to small amounts of blood. This could have lead to over estimation of 

patients with blood in gastric juice and therefore lowering the specificity of the test. It 
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is therefore imperative that more studies be carried out to confirm the utility of this 

strategy. 
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CHAPTER 6: CONCLUSIONS AND RECOMMENDATIONS 

 

6.1 Conclusions 

Although these data do not address the true prevalence of gastric cancer in 

Zambia, they provide evidence that it is widespread geographically around the 

country, equally affecting males and females, and disproportionately affecting 

persons from rural areas and of low socio-economic status. The most common type 

was gastric adenocarcinoma (GA) of the intestinal type, located in the distal part of 

the stomach. Despite its association with Epstein-Barr virus (EBV) activity, HIV 

infection had no influence on the prevalence of EBV-associated GA. Biomass smoke 

exposure was a risk factor for GA possibly mediated through oxidative stress to DNA. 

Regular consumption of green vegetables, eggplants and fruits reduced, while 

processed meat increased the odds of developing GA. The median consumption of 

sodium in Zambia was higher than the WHO recommended maximum but it was not 

associated with gastric cancer. Mycotoxin contamination of food was common but 

there is no evidence of it driving gastric carcinogenesis. The multiplex serology assay 

for H. pylori showed limited usefulness for gastric cancer risk stratification in Zambia. 

There is therefore need to identify other proteins that can be used in populations with 

the African H. pylori strain. The presence of blood in gastric juice was associated 

with gastric mucosal lesions including GA and showed potential for use as a cheap 

screening tool.  

 

6.2 Recommendations 

In this study, risk factors for a cancer that is poorly investigated in Zambia 

were investigated. With the above findings, the following are recommendations to the 

government of Zambia and policy markers, clinicians and the other researchers.  
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6.2.1   To the government of Zambia and policy markers 

1. To include gastric cancer among the national health research priorities to 

facilitate programmes that will be able to collect population based data  

2. To advocate for and facilitate the availability of cleaner fuels such as 

electricity or solar, in order to reduce exposure to biomass smoke 

3. To formulate programmes aimed at sensitizing Zambians on the health 

benefits of consuming green vegetables and fruits 

4. To increase regular food checks for mycotoxin contamination 

 

6.2.2 To Clinicians 

1. To take a thorough and comprehensive history from all patients with 

symptoms suggestive of gastrointestinal disease 

2. To be on the lookout for gastric cancer ‘alarm’ symptoms such as persistent 

vomiting and dysphagia even among younger adults below the age of 45 

years 

3. To promptly refer patients with ‘alarm’ symptoms for OGD  

4. To promptly consult available gastroenterologists or trained physicians when 

in doubt 

 

6.2.3  To the scientific community 

1. To conduct clinical and molecular genetic studies on gastric pathology 

including cancer   

2. To design studies that will describe pathophysiological mechanisms of factors 

that I have identified as influencing gastric cancer development 

3. To identify molecular signatures necessary for the formulation of precision 

treatment for gastric cancer in Zambia. 
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6.3 Future work 

In this study, biomass smoke exposure has been identified as one of the 

factors contributing to higher occurrence of gastric adenocarcinoma in poorer 

communities. As part of future work, metabolic pathways of the constituents of 

biomass smoke that lead to gastric carcinogenesis will be investigated. Also to be 

explored are associated genetic and host response mechanisms involved. With the 

consistent finding of a high proportion of early onset gastric cancer in Zambia, a 

longitudinal follow-up study to run over eight to ten years will be designed. This study 

will provide conclusive evidence of gastric cancer risk factors predominantly affecting 

young adults. It will also provide insights into pathogenesis and progression of 

premalignant lesions.  

  



	

103 

REFERENCES 
 
 
Abbès S, Salah-Abbès JB, Bouraoui Y, Oueslati S, Oueslati R. 2015. Natural 

occurrence of aflatoxins (B₁ and M₁) in feed, plasma and raw milk of lactating dairy 
cows in Beja, Tunisia, using ELISA. Food Addit Contam Part B Surveill. 5(1): 11-5.  
 
Abnet CC, Corley DA, Freedman ND, Kamangar F. 2015. Diet and upper gastrointestinal 
malignancies. Gastroenterology. 148(6): 1234-1243.e4. 
 
Adebo OA, Njobeh PB, Gbashi S, Nwinyi OC, Mavumengwana V. 2017. Review on 
Microbial Degradation of Aflatoxins. Crit Rev Food Sci Nutr. 57(15): 3208-3217.  
 
Adjovi YC, Bailly S, Gnonlonfin BJ, Tadrist S, Querin A, Sanni A, Oswald IP, Puel O, Bailly 
JD. 2014. Analysis of the contrast between natural occurrence of toxigenic Aspergilli of 
the Flavi section and aflatoxin B1 in cassava. Food Microbiol. 38: 151-9. 
 
Alaejos MS and Afonso AM. 2011. Factors that affect the content of heterocyclic aromatic 
amines in foods. Comp Rev Food Sci Food Safe. 10: 52–108. 
 
Allard J, Cosby R, Del Giudice ME, Irvine EJ, Morgan D, Tinmouth J. Allard J, Cosby R, 
Del Giudice ME, Irvine EJ, Morgan D, Tinmouth J. 2010. Gastroscopy following a positive 
fecal occult blood test and negative colonoscopy: systematic review and guideline. Can J 
Gastroenterol. 24(2): 113-20. 
 
Alomirah H, Al-Zenki S, Al-Hooti, Zaghloul S, Sawaya W, Ahmed N, Kannan K. 2011. 
Concentrations and dietary exposure to polycyclic aromatic hydrocarbons (PAHs) from 
grilled and smoked foods. Food Control. 22:2028–2035. 
 
Alpsoy L, Yalvac ME. 2011. Key roles of vitamins A, C, and E in aflatoxin B1-induced 
oxidative stress. Vitam Horm. 86:287-305.  
 
Alston RD, Geraci M, Eden TO, Moran A, Rowan S, Birch JM. 2008. Changes in 
cancer incidence in teenagers and young adults (ages 13 to 24 years) in England 
1979-2003. Cancer, 113(10): 2807-15. 
 
Amieva M, Peek RM Jr. 2016. Pathobiology of Helicobacter pylori-Induced Gastric 
Cancer. Gastroenterology. 150(1): 64-78. 
An JY, Kim H, Cheong JH, Hyung WJ, Kim H, Noh SH. 2012. Microsatellite instability 
in sporadic gastric cancer: its prognostic role and guidance for 5-FU based 
chemotherapy after R0 resection. Int J Cancer. 131:505–11. 
 
Antoni S, Soerjomataram I, Møller B, Bray F, Ferlay J. 2016. An assessment of 
GLOBOCAN methods for deriving national estimates of cancer incidence. Bull World 
Health Organ, 94(3): 174-84. 
 
Asiki G, Seeley J, Srey C, Baisley K, Lightfoot T, Archileo K, Agol D, Abaasa A, Wakeham 
K, Routledge MN, Wild CP, Newton R, Gong YY. 2014. A pilot study to evaluate aflatoxin 



	

104 

exposure in a rural Ugandan population. Trop Med Int Health. 19(5): 592-9. 
 
Asombang AW, Kayamba V, Mwanza-Lisulo M, Colditz G, Mudenda V, Yarasheski K, 
Chott R, Rubin DC, Gyawali CP, Sinkala E, Mwanamakondo S, Anderson-Spearie C, 
Kelly P. 2013. Gastric cancer in Zambian adults: a prospective case-control study that 
assessed dietary intake and antioxidant status by using urinary isoprostane excretion. Am 
J Clin Nutr. 97(5): 1029-35.  
 
Asombang AW, Kelly P. 2012. Gastric cancer in Africa: what do we know about 
incidence and risk factors? Trans R Soc Trop Med Hyg. 106(2): 69-74. 
 
Australian government department of the environment and energy. 
http://www.environment.gov.au/protection/publications/smoke-biomass-burning. 
Accessed on 17th November 2018. 
 
Autrup H, Grafstrom RC, Brugh M, Lechner JF, Haugen A, Trump BF, Harris CC. 
1982. Comparison of benzo(a)pyrene metabolism in bronchus, esophagus, colon, 
and duodenum from the same individual. Cancer Res. 42(3): 934-8. 
 
Balakrishnan M, George R, Sharma A, Graham DY. 2017. Changing Trends in 
Stomach Cancer Throughout the World. Curr Gastroenterol Rep.,19(8): 36. 
 
Balfour HH Jr, Dunmire SK, Hogquist KA. Infectious mononucleosis. 2015. Clin Transl 
Immunology. 4(2):e33.  
 
Barker DJ, Coggon D, Osmond C, Wickham C. 1990. Poor housing in childhood and 
high rates of stomach cancer in England and Wales. Br J Cancer, 61(4): 575-8. 
 
Baroudi O, Chaaben AB, Mezlini A, Moussa A, Omrane I, Jilson I, Benammar-
Elgaaied A, Chabchoub S. 2014. Impact of lifestyle factors and nutrients intake on 
occurrence of gastrointestinal cancer in Tunisian population. Tumour Biol. 35(6): 
5815-22. 
 
Blot WJ, Li JY, Taylor PR, Guo W, Dawsey S, Wang GQ, Yang CS, Zheng SF, Gail M, Li 
GY, et al. 1993. Nutrition intervention trials in Linxian, China: supplementation with 
specific vitamin/mineral combinations, cancer incidence, and disease-specific mortality in 
the general population. J Natl Cancer Inst. 185(18): 1483-92. 
 
Bonequi P, Meneses-González F, Correa P, Rabkin CS, Camargo MC. 2013. Risk factors 
for gastric cancer in Latin America: a meta-analysis. Cancer Causes Control. 24(2): 217-
31.  
 
Bonjour S, Adair-Rohani H, Wolf J, Bruce NG, Mehta S, Prüss-Ustün A, Lahiff M, 
Rehfuess EA, Mishra V, Smith KR. 2013. Solid fuel use for household cooking: country 
and regional estimates for 1980-2010. Environ Health Perspect. 121(7): 784-90. 
 
Bouvard V, Loomis D, Guyton KZ, Grosse Y, Ghissassi FE, Benbrahim-Tallaa L, 
Guha N, Mattock H, Straif K. 2015. International Agency for Research on Cancer 



	

105 

Monograph Working Group. Carcinogenicity of consumption of red and processed 
meat. Lancet Oncol. 16(16): 1599-600.  
 
Bray F, Colombet M, Mery L, Piñeros M, Znaor A, Zanetti R and Ferlay J, editors 
(2017) Cancer Incidence in Five Continents, Vol. XI (electronic version). Lyon: 
International Agency for Research on Cancer. Available from: http://ci5.iarc.fr, 
accessed on 17th November 2018.  
 
Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. 2018. Global 
cancer statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide 
for 36 cancers in 185 countries. CA Cancer J Clin, 68(6): 394-424.  
 
Camargo MC, Kim WH, Chiaravalli AM, Kim KM, Corvalan AH, Matsuo K, Yu J, Sung JJ, 
Herrera-Goepfert R, Meneses-Gonzalez F, Kijima Y, Natsugoe S, Liao LM, Lissowska J, 
Kim S, Hu N, Gonzalez CA, Yatabe Y, Koriyama C, Hewitt SM, Akiba S, Gulley ML, Taylor 
PR, Rabkin CS. 2014. Improved survival of gastric cancer with tumour Epstein-Barr virus 
positivity: an international pooled analysis. Gut. 63(2): 236-43. 
Camargo MC, Murphy G, Koriyama C, Pfeiffer RM, Kim WH, Herrera-Goepfert R, 
Corvalan AH, Carrascal E, Abdirad A, Anwar M, Hao Z, Kattoor J, Yoshiwara-
Wakabayashi E, Eizuru Y, Rabkin CS, Akiba S. 2011. Determinants of Epstein-Barr virus-
positive gastric cancer: an international pooled analysis. Br J Cancer. 105(1): 38-43. 
 
Cancer Research UK, http://www.cancerresearchuk.org/about-cancer/stomach-
cancer/symptoms, accessed on 20th November 2017. 
 
Cancer Research UK, http://www.cancerresearchuk.org/health-professional/cancer-
statistics/statistics-by-cancer-type/stomach-cancer/survival#heading-Zero, accessed 
on 7th January 2016. 
 
Cancer.Net, 2017, Hereditary Diffuse Gastric Cancer, https://www.cancer.net/cancer-
types/hereditary-diffuse-gastric-cancer, accessed on 11th November 2018. 
 
Capelle LG, de Vries AC, Haringsma J, Borg FT, de Vries RA, Bruno MJ, van 
Dekken H, Meijer J, van Grieken NCT, Kuipers EJ. 2010. The staging of gastritis with 
the OLGA system by using intestinal metaplasia as an accurate alternative for 
atrophic gastritis, Gastrointest Endosc; 71:1150-8. 
 
Carvalho R, Milne AN, van Rees BP, Caspers E, Cirnes L, Figueiredo C, Offerhaus 
GJ, Weterman MA. 2004. Early-onset gastric carcinomas display molecular 
characteristics distinct from gastric carcinomas occurring at a later age. J Pathol. 
204(1): 75-83. 
 
Central Statistical Office (CSO) [Zambia], Ministry of Health (MOH) [Zambia], and ICF 
International. 2014. Zambia Demographic and Health Survey 2013-14.  Rockville, 
Maryland, USA: Central Statistical Office, Ministry of Health, and ICF International. 
 
Charlton A, Blair V, Shaw D, Parry S, Guilford P, Martin IG. 2004. Hereditary diffuse 
gastric cancer: predominance of multiple foci of signet ring cell carcinoma in distal 



	

106 

stomach and transitional zone. Gut. 53(6): 814-20. 
 
Chen C, Chen Q, Zhao Q, Liu M, Guo J. 2017. Value of Combined Detection of 
Serum CEA, CA72-4, CA19-9, CA15-3 and CA12-5 in the Diagnosis of Gastric 
Cancer. Ann Clin Lab Sci. 47(3): 260-263. 
 
Chen XY, van der Hulst RW, Bruno MJ, van der Ende A, Xiao SD, Tytgat GN, Ten 
Kate FJ. 1999. Interobserver variation in the histopathological scoring of Helicobacter 
pylori related gastritis. J Clin Pathol. 52(8): 612-5. 
 
Cheng J, Fan XM. 2013. Role of cyclooxygenase-2 in gastric cancer development 
and progression. World J Gastroenterol. 19(42): 7361-8. 
 
Chirinos JL, Carbajal LA, Segura MD, Combe J, Akiba S. 2012. Gastric cancer: 
epidemiologic profile 2001-2007 in Lima, Peru Rev Gastroenterol Peru. 32(1): 58-64. 
 
Choi JM, Park WS, Song KY, Lee HJ, Jung BH. 2016. Development of simultaneous 
analysis of tryptophan metabolites in serum and gastric juice - an investigation 
towards establishing a biomarker test for gastric cancer diagnosis. Biomed 
Chromatogr. 12:1963-1974.  
 
Choi YY, Noh SH, Cheong JH. 2016. Molecular Dimensions of Gastric Cancer: 
Translational and Clinical Perspectives. J Pathol Transl Med. 50(1): 1-9.  
 
Chung SJ, Park MJ, Kang SJ, Kang HY, Chung GE, Kim SG, Jung HC. 2012. Effect of 
annual endoscopic screening on clinicopathologic characteristics and treatment modality 
of gastric cancer in a high-incidence region of Korea. Int J Cancer. 131(10): 2376-84. 
 
Cocco P, Ward MH, Buiatti E. 1996. Occupational risk factors for gastric cancer: an 
overview. Epidemiol Rev. 18(2): 218-34. 
 
Coghlin C, Murray GI. 2016. Progress in the development of protein biomarkers of 
oesophageal and gastric cancers. Proteomics Clin Appl. 10(4): 532-45. 
 
Cohen AJ, Roe FJ. 1997. Evaluation of the aetiological role of dietary salt exposure in 
gastric and other cancers in humans. Food Chem Toxicol. 35(2): 271-93. 
 
Colak S, Erdogan MO, Sekban H, Afacan MA, Uras AR, Ibrahim A, Okay NG. 2013. 
Emergency diagnosis of upper gastrointestinal bleeding by detection of haemoglobin 
in nasogastric aspirate. J Int Med Res. 41(6): 1825-9.  
Conteduca V, Sansonno D, Lauletta G, Russi S, Ingravallo G, Dammacco F. 2013. 
H. pylori infection and gastric cancer: state of the art (review). Int J Oncol. 42(1): 5-
18.  
Correa P, Haenszel W, Cuello C, Tannenbaum S, Archer M. 1975. A model for 
gastric cancer epidemiology. Lancet, 2:58-60. 
 
Correa P, Houghton J. 2007. Carcinogenesis of Helicobacter pylori. Gastroenterology. 
133(2): 659-72. 



	

107 

 
Crew KD, Neugut AI. 2006. Epidemiology of Gastric Cancer, World J Gastroenterol. 12(3): 
354-362. 
 
D'Elia L, Galletti F, Strazzullo P. 2014. Dietary salt intake and risk of gastric cancer. 
Cancer Treat Res. 159: 83-95.  
 
D'Elia L, Rossi G, Ippolito R, Cappuccio FP, Strazzullo P. 2012. Habitual salt intake and 
risk of gastric cancer: a meta-analysis of prospective studies. Clin Nutr. 31(4): 489-98. 
 
Dandara C, Li DP, Walther G, Parker MI. 2006. Gene-environment interaction: the 
role of SULT1A1 and CYP3A5 polymorphisms as risk modifiers for squamous cell 
carcinoma of the oesophagus. Carcinogenesis. 27(4): 791-7.  
 
Daniel JH, Lewis LW, Redwood YA, Kieszak S, Breiman RF, Flanders WD, Bell C, 
Mwihia J, Ogana G, Likimani S, Straetemans M, McGeehin MA. 2011. Comprehensive 
assessment of maize aflatoxin levels in Eastern Kenya, 2005-2007. Environ Health 
Perspect. 119(12): 1794-9. 
 
Danielsen PH, Loft S, Kocbach A, Schwarze PE, Møller P. 2009. Oxidative damage to 
DNA and repair induced by Norwegian wood smoke particles in human A549 and THP-1 
cell lines. Mutat Res. 674(1-2): 116-22. 
 
Dawsey SP, Hollenbeck A, Schatzkin A, Abnet CC. 2014. A prospective study of vitamin 
and mineral supplement use and the risk of upper gastrointestinal cancers. PLoS One. 18; 
9(2):e88774. 
 
De Stefani E, Aune D, Boffetta P, Deneo-Pellegrini H, Ronco AL, Acosta G, Brennan P, 
Ferro G, Mendilaharsu M. 2009. Salted meat consumption and the risk of cancer: a 
multisite case-control study in Uruguay. Asian Pac J Cancer Prev. 10(5): 853-7. 
 
Dias-Neto M, Pintalhao M, Ferreira M, Lunet N. 2010. Salt intake and risk of gastric 
intestinal metaplasia: systematic review and meta-analysis. Nutr Cancer. 62(2): 133-47. 
 
Diggs DL, Huderson AC, Harris KL, Myers JN, Banks LD, Rekhadevi PV, Niaz MS, 
Ramesh A. 2011. Polycyclic aromatic hydrocarbons and digestive tract cancers: a 
perspective. J Environ Sci Health C Environ Carcinog Ecotoxicol Rev. 29(4): 324-57.  
 
Dinis-Ribeiro M, Areia M, de Vries AC, Marcos-Pinto R, Monteiro-Soares M, O'Connor A, 
Pereira C, Pimentel-Nunes P, Correia R, Ensari A, Dumonceau JM, Machado JC, Macedo 
G, Malfertheiner P, Matysiak-Budnik T, Megraud F, Miki K, O'Morain C, Peek RM, 
Ponchon T, Ristimaki A, Rembacken B, Carneiro F, Kuipers EJ. 2012. European Society 
of Gastrointestinal Endoscopy; European Helicobacter Study Group; European Society of 
Pathology; Sociedade Portuguesa de Endoscopia Digestiva. Management of 
precancerous conditions and lesions in the stomach (MAPS): guideline from the European 
Society of Gastrointestinal Endoscopy (ESGE), European Helicobacter Study Group 
(EHSG), European Society of Pathology (ESP), and the Sociedade Portuguesa de 
Endoscopia Digestiva (SPED). Endoscopy. 44(1): 74-94.  



	

108 

 
Dixon MF, Genta RM, Yardley JH, Correa P. 1996. Classification and grading of 
gastritis. The updated Sydney System. International Workshop on the Histopathology 
of Gastritis, Houston 1994. Am J Surg Pathol. 20(10): 1161-81. 
 
El Marnissi B, Belkhou R, Morgavi DP, Bennani L, Boudra H. 2012. Occurrence of 
aflatoxin M1 in raw milk collected from traditional dairies in Morocco. Food Chem 
Toxicol. 50(8): 2819-21.  
 
el-Zimaity HM, Graham DY, al-Assi MT, Malaty H, Karttunen TJ, Graham DP, 
Huberman RM, Genta RM. 1996. nterobserver variation in the histopathological 
assessment of Helicobacter pylori gastritis. Hum Pathol. 27(1): 35-41. 
 
Elbashir AA, Ali SE. 2014. Aflatoxins, ochratoxins and zearalenone in sorghum and 
sorghum products in Sudan.Food Addit Contam Part B Surveill. 7(2): 135-40. 
 
Ellison-Loschmann L, Sporle A, Corbin M, Cheng S, Harawira P, Gray M, Whaanga 
T, Guilford P, Koea J, Pearce N. 2017. Risk of stomach cancer in Aotearoa/New 
Zealand: A Māori population based case-control study. PLoS One. 12(7):e0181581.  
 
Elshafie SZ, ElMubarak A, El-Nagerabi SA, Elshafie AE. 2011. Aflatoxin B1 
contamination of traditionally processed peanuts butter for human consumption in 
Sudan. Mycopathologia. 171(6): 435-9.  
 
Eom SY, Yim DH, Zhang Y, Yun JK, Moon SI, Yun HY, Song YJ, Youn SJ, Hyun T, Park 
JS, Kim BS, Lee JY, Kim YD, Kim H. 2013. Dietary aflatoxin B1 intake, genetic 
polymorphisms of CYP1A2, CYP2E1, EPHX1, GSTM1, and GSTT1, and gastric cancer 
risk in Korean. Cancer Causes Control. 24(11): 1963-72. 
 
Eslick GD, Lim LL, Byles JE, Xia HH, Talley NJ. 1999. Association of Helicobacter 
pylori infection with gastric carcinoma: a meta-analysis. Am J Gastroenterol. 1999 
Sep;94(9):2373-9. 
 
Ezekiel CN, Warth B, Ogara IM, Abia WA, Ezekiel VC, Atehnkeng J, Sulyok M, Turner 
PC, Tayo GO, Krska R, Bandyopadhyay R. 2014. Mycotoxin exposure in rural residents in 
northern Nigeria: a pilot study using multi-urinary biomarkers. Environ Int. 66: 138-45.  
 
Falsafi T, Mahboubi M. 2013. Helicobacter hepaticus, a new pathogenic species of 
the Helicobacter genus: Similarities and differences with H. pylori. Iran J Microbiol. 
5(3): 185-94. 
 
Fang X, Wei J, He X, An P, Wang H, Jiang L, Shao D, Liang H, Li Y, Wang F, Min J. 
2015. Landscape of dietary factors associated with risk of gastric cancer: A systematic 
review and dose-response meta-analysis of prospective cohort studies. Eur J Cancer. 
51(18): 2820-32. 
 



	

109 

Ferlay J, Colombet M and Bray F.Cancer Incidence in Five Continents, CI5plus: 
IARC CancerBase No. 9 [Internet]. Lyon, France: International Agency for Research 
on Cancer; 2018. Available from: http://ci5.iarc.fr, accessed on 28th November 2018. 
 
Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C, Rebelo M, Parkin DM, 
Forman D, Bray F. 2015. Cancer incidence and mortality worldwide: sources, 
methods and major patterns in GLOBOCAN 2012. Int J Cancer. 136(5):E359-86. 
  
Fernando N, Holton J, Zulu I, Vaira D, Mwaba P, Kelly P. 2001. Helicobacter pylori 
infection in an urban African population. J Clin Microbiol. 39(4): 1323–7.  
 
Figueiredo C, Costa S, Karameris A, Machado JC. 2015. Pathogenesis of Gastric Cancer. 
Helicobacter. 20 Suppl 1: 30-5.  
 
Fine PM, Cass GR, Simoneit BR. 2001. Chemical characterization of fine particle 
emissions from fireplace combustion of woods grown in the northeastern United States. 
Environ Sci Technol. 35(13): 2665-75. 
 
Fontana E, Smyth EC, Cunningham D, Rao S, Watkins D, Allum WH, Thompson J, 
Waddell T, Peckitt C, Chau I, Starling N. 2015. Improved survival in resected oesophageal 
and gastric adenocarcinomas over a decade: the Royal Marsden experience 2001-2010. 
Gastric Cancer. 19(4): 1114-24. 
 
Fox JG, Yan LL, Dewhirst FE, Paster BJ, Shames B, Murphy JC, Hayward A, 
Belcher JC, Mendes EN. 1995. Helicobacter bilis sp. nov., a novel Helicobacter 
species isolated from bile, livers, and intestines of aged, inbred mice. J Clin 
Microbiol. 33(2): 445-54. 
 

Friedman M, Chemistry and anticarcinogenic mechanisms of glycoalkaloids 
produced by eggplants, potatoes, and tomatoes. J Agric Food Chem. 2015 Apr 
8;63(13):3323-37. doi: 10.1021/acs.jafc.5b00818.  

 
Gao L, Weck MN, Michel A, Pawlita M, Brenner H. 2009. Association between 
chronic atrophic gastritis and serum antibodies to 15 Helicobacter pylori proteins 
measured by multiplex serology. Cancer Res. 69(7): 2973-80.  
 
Ge S, Feng X, Shen L, Wei Z, Zhu Q, Sun J. 2012. Association between Habitual Dietary 
Salt Intake and Risk of Gastric Cancer: A Systematic Review of Observational Studies. 
Gastroenterol Res Pract. 2012: 808120. 
 
Ghali R, Khlifa KH, Ghorbel H, Maaroufi K, Hedilli A. 2010. Aflatoxin determination in 
commonly consumed foods in Tunisia. J Sci Food Agric. 90(14): 2347-51. 
 
Global Burden of Disease Cancer Collaboration. 2015. The Global Burden of Cancer 
2013. JAMA oncology. 1(4): 505-527. 
 
Global Health Workforce alliance, 



	

110 

http://www.who.int/workforcealliance/countries/zmb/en/, accessed on 19th December 
2017. 
	
Gong EJ, Ahn JY, Jung HY, Lim H, Choi KS, Lee JH, Kim do H, Choi KD, Song HJ, 
Lee GH, Kim JH, Choi SY, Choe JW, Kim MJ. 2014. Risk factors and clinical 
outcomes of gastric cancer identified by screening endoscopy: a case-control study. 
J Gastroenterol Hepatol. 29(2): 301-9. 
 
González CA, Agudo A. 2012. Carcinogenesis, prevention and early detection of gastric 
cancer: where we are and where we should go. Int J Cancer. 130(4): 745-53.  
 
González CA, Jakszyn P, Pera G, Agudo A, Bingham S, Palli D, Ferrari P, Boeing H, del 
Giudice G, Plebani M, Carneiro F, Nesi G, Berrino F, Sacerdote C, Tumino R, Panico S, 
Berglund G, Simán H, Nyrén O, Hallmans G, Martinez C, Dorronsoro M, Barricarte A, 
Navarro C, Quirós JR, Allen N, Key TJ, Day NE, Linseisen J, Nagel G, Bergmann MM, 
Overvad K, Jensen MK, Tjonneland A, Olsen A, Bueno-de-Mesquita HB, Ocke M, Peeters 
PH, Numans ME, Clavel-Chapelon F, Boutron-Ruault MC, Trichopoulou A, Psaltopoulou 
T, Roukos D, Lund E, Hemon B, Kaaks R, Norat T, Riboli E. 2006. Meat intake and risk of 
stomach and esophageal adenocarcinoma within the European Prospective Investigation 
Into Cancer and Nutrition (EPIC). J Natl Cancer Inst. 98 (5): 345-54. 
 
Gonzalez CA, Riboli E. 2010. Diet and cancer prevention: Contributions from the 
European Prospective Investigation into Cancer and Nutrition (EPIC) study. Eur J Cancer. 
46(14): 2555-62. 
 
González CA, Sala N, Rokkas T. 2013. Gastric cancer: epidemiologic aspects. 
Helicobacter. 18 Suppl 1:34-8. 
 
Graham DY, Kato M, Asaka M. 2008. Gastric endoscopy in the 21st century: 
appropriate use of an invasive procedure in the era of non-invasive testing. Dig Liver 
Dis. 40(7): 497-503.  
 
Gulley ML. 2015. Genomic assays for Epstein-Barr virus-positive gastric adenocarcinoma. 
Exp Mol Med. 23;47:e134. 
 
Halling KC, Harper J, Moskaluk CA, Thibodeau SN, Petroni GR, Yustein AS, Tosi P, 
Minacci C, Roviello F, Piva P, Hamilton SR, Jackson CE, Powell SM. 1999. Origin of 
microsatellite instability in gastric cancer. Am J Pathol. 155(1): 205-11. 
 
Hamada T, Yokota K, Ayada K, Hirai K, Kamada T, Haruma K, Chayama K, Oguma 
K. 2009. Detection of Helicobacter hepaticus in human bile samples of patients with 
biliary disease. Helicobacter. 14(6): 545-51. 
 
Harvie M. 2014. Nutritional supplements and cancer: potential benefits and proven harms. 
Am Soc Clin Oncol Educ Book. e478-86.  
 
HIV and AIDS in East and Southern Africa regional overview, 2019, 
https://www.avert.org/professionals/hiv-around-world/sub-saharan-africa/overview, 



	

111 

Accessed on 21st November 2018. 
 
Hooi JKY, Lai WY, Ng WK, Suen MMY, Underwood FE, Tanyingoh D, Malfertheiner 
P, Graham DY, Wong VWS, Wu JCY, Chan FKL, Sung JJY, Kaplan GG, Ng SC. 
2017. Global Prevalence of Helicobacter pylori Infection: Systematic Review and 
Meta-Analysis. Gastroenterology. 153(2): 420-429.  
 
Huang JQ, Zheng GF, Sumanac K, Irvine EJ, Hunt RH. 2003. Meta-analysis of the 
relationship between cagA seropositivity and gastric cancer. Gastroenterology. 25(6): 
1636-44. 
 
Idris YM, Mariod AA, Elnour IA, Mohamed AA. 2010. Determination of aflatoxin levels 
in Sudanese edible oils. Food Chem Toxicol. 48(8-9): 2539-41.  
 
International Agency for Research on Cancer, Monographs, http://www.iarc.fr/en/media 
centre/iarcnews/pdf/Monographs-Q&A_Vol114.pdf, accessed on 16th October 2015. 
 
International Agency for Research on Cancer. Monographs on the evaluation of 
carcinogenic risks to humans: schistosomes, liver flukes and Helicobacter pylori, 1st 
edn., vol. 61. Lyon, France: IARC Press, 1994. 
 
International Agency for Research on Cancer. Monographs on the evaluation of 
carcinogenic risks to humans. http://monographs.iarc.fr/ 
ENG/Monographs/vol83/mono83.pdf [accessed on 18th April 2016]. 
 
Jakszyn P, Agudo A, Lujan-Barroso L, Bueno-de-Mesquita HB, Jenab M, Navarro C, Palli 
D, Boeing H, Manjer J, Numans ME, Igali L, Boutron-Ruault MC, Clavel-Chapelon F, 
Morois S, Grioni S, Panico c, Tumino R, Sacerdote C, Quirós JR, Molina-Montes E, 
Huerta Castaño JM, Barricarte A, Amiano P, Khaw KT, Wareham N, Allen NE, Key TJ, 
Jeurnink SM, Peeters PH, Bamia C, Valanou E, Trichopoulou A, Kaaks R, Lukanova A, 
Bergmann MM, Lindkvist B, Stenling R, Johansson I, Dahm CC, Overvad K, Olsen A, 
Tjonneland A, Skeie G, Broderstad AR, Lund E, Michaud DS, Mouw T, Riboli E, González 
CA. 2012. Dietary intake of heme iron and risk of gastric cancer in the European 
prospective investigation into cancer and nutrition study. Int J Cancer. 130(11): 2654-63. 
 
Jensen BE, Oette M, Haes J, Häussinger D. 2017. HIV-Associated Gastrointestinal 
Cancer. Oncol Res Treat. 40(3): 115-118.  
 
Jenson H, McIntosh K, Pitt J, Husak S, Ming T, Bryson Y, Easley K, Shearer W. 
1999. Natural history of primary Epstein-Barr virus infection in children of mothers 
infected with human immunodeficiency virus type 1. J Infect Dis. 179(6): 1395-404. 
 
Jia X, Cui J, Meng X, Xing L, Shen H, Wang J, Liu J, Wang Y, Lian W, Zhang X. 
2016. Malignant transformation of human gastric epithelium cells via reactive oxygen 
species production and Wnt/β-catenin pathway activation following 40-week 
exposure to ochratoxin A. Cancer Lett. 372(1): 36-47. 
 
Jia X, Cui J, Meng X, Xing L, Shen H, Wang J, Liu J, Wang Y, Lian W, Zhang X. 



	

112 

2016. Malignant transformation of human gastric epithelium cells via reactive oxygen 
species production and Wnt/β-catenin pathway activation following 40-week 
exposure to ochratoxin A. Cancer Lett. 372(1): 36-47.  
 
Joossens JV, Hill MJ, Elliott P, Stamler R, Lesaffre E, Dyer A, Nichols R, Kesteloot H. 
Dietary salt, nitrate and stomach cancer mortality in 24 countries. 1996. European Cancer 
Prevention (ECP) and the INTERSALT Cooperative Research Group. Int J Epidemiol. 
25(3): 494-504. 
 
Jun JK, Choi KS, Lee HY, Suh M, Park B, Song SH, Jung KW, Lee CW, Choi IJ, 
Park EC, Lee D. 2017. Effectiveness of the Korean National Cancer Screening 
Program in Reducing Gastric Cancer Mortality. Gastroenterology. 152(6): 1319-
1328.e7.  
 
Jung S, Choe B, Choi E, Jeong H, Hwang Y, Shin G, Kim J. 2015. Survey of 
mycotoxins in commonly consumed Korean grain products using an LC-MS/MS 
multimycotoxin method in combination with immunoaffinity clean-up, Food Science 
and Biotechnology. 24, (4), pp 1193–1199. 
 
Kachapulula PW, Akello J, Bandyopadhyay R, Cotty PJ. 2018. Aflatoxin 
Contamination of Dried Insects and Fish in Zambia. J Food Prot. 81(9): 1508-1518.  
 
Kachapulula PW, Akello J, Bandyopadhyay R, Cotty PJ. 2017. Aflatoxin 
contamination of groundnut and maize in Zambia: observed and potential 
concentrations. J Appl Microbiol. 122(6): 1471-1482.  
 
Kamika I, Mngqawa P, Rheeder JP, Teffo SL, Katerere DR. 2014. Mycological and 
aflatoxin contamination of peanuts sold at markets in Kinshasa, Democratic Republic 
of Congo, and Pretoria, South Africa. Food Addit Contam Part B Surveill. 7(2): 120-6. 
 
Kang HM, Kim GH, Jeon HK, Kim DH, Jeon TY, Park DY, Jeong H, Chun WJ, Kim 
MH, Park J, Lim M, Kim TH, Cho YK. 2017. Circulating tumor cells detected by lab-
on-a-disc: Role in early diagnosis of gastric cancer. PLoS One. 12(6):e0180251.  
 

Kawasaki T, Itoh K, Uezono K, Sasaki H.  1993. A simple method for estimating 24 
h urinary sodium and potassium excretion from second morning voiding urine 
specimen in adults. Clin Exp Pharmacol Physiol. 20(1): 7-14. 
 
Kawasaki T, Uezono K, Itoh K, Ueno M. 1991. Prediction of 24 hour urinary 
creatinine excretion from age, body weight and height of an individual and its 
application. Nihon Koshu Eisei Zasshi. 38(8): 567-74. 
 

Kayamba V, Asombang AW, Mudenda V, Lisulo MM, Sinkala E, Mwanamakondo S, 
Mweemba I, Kelly P. 2013. Gastric adenocarcinoma in Zambia: a case-control study 
of HIV, lifestyle risk factors, and biomarkers of pathogenesis. S Afr Med J. 103(4): 
255-9. 
 



	

113 

Kayamba V, Bateman AC, Asombang AW, Shibemba A, Zyambo K, Banda T, Soko 
R, Kelly P. 2015. HIV infection and domestic smoke exposure, but not human 
papillomavirus, are risk factors for esophageal squamous cell carcinoma in Zambia: 
a case-control study. Cancer Med. 4(4): 588-95.  
 
Kayamba V, Heimburger DC, Morgan DR, Atadzhanov M, Kelly P. 2017. Exposure to 
biomass smoke as a risk factor for oesophageal and gastric cancer in low-income 
populations: A systematic review. Malawi Med J. 29(2): 212-217.  
 
Kayamba V, Monze M, Asombang AW, Zyambo K, Kelly P. 2016. Serological 
response to Epstein-Barr virus early antigen is associated with gastric cancer and 
human immunodeficiency virus infection in Zambian adults: a case-control study. 
Pan Afr Med J. 23:45.  
 
Kayamba V, Shibemba A, Zyambo K, Heimburger DC, Morgan D, Kelly P. 2018. HIV 
related hypochlorhydria does not appear to respond to anti-retroviral therapy in 
Zambian adults: a case control study. The Pan African Medical Journal. 31:128.  
 
Kayamba V, Shibemba A, Zyambo K, Heimburger DC, Morgan DR, Kelly P. 2017. 
High prevalence of gastric intestinal metaplasia detected by confocal laser 
endomicroscopy in Zambian adults. PLoS One. 12(9):e0184272.  
 
Kayamba V, Sinkala E, Mwanamakondo S, Soko R, Kawimbe B, Amadi B, Zulu I, 
Nzaisenga JB, Banda T, Mumbwe C, Phiri E, Munkonge P, Kelly P. 2015. Trends in 
upper gastrointestinal diagnosis over four decades in Lusaka, Zambia: a 
retrospective analysis of endoscopic findings. BMC Gastroenterol. 6; 15:127. 
 
Kayode OF, Sulyok M, Fapohunda SO, Ezekiel CN, Krska R, Oguntona CR. 2013. 
Mycotoxins and fungal metabolites in groundnut- and maize-based snacks from 
Nigeria. Food Addit Contam Part B Surveill. 6(4): 294-300.  
 
Kelley DJ, Mestre JR, Subbaramaiah K, Sacks PG, Schantz SP, Tanabe T, Inoue H, 
Ramonetti JT, Dannenberg AJ. 1997. Benzo[a]pyrene up-regulates cyclooxygenase-
2 gene expression in oral epithelial cells. Carcinogenesis. 18(4): 795-9. 
 
Kelly P, Shawa T, Mwanamakondo S, Soko R, Smith G, Barclay GR, Sanderson IR. 
2010. Gastric and intestinal barrier impairment in tropical enteropathy and HIV: 
limited impact of micronutrient supplementation during a randomised controlled trial. 
BMC Gastroenterol. 6; 10:72. 
 
Keszei AP, Schouten LJ, Goldbohm RA, van den Brandt PA. 2012. Red and processed 
meat consumption and the risk of esophageal and gastric cancer subtypes in The 
Netherlands Cohort Study. Ann Oncol. 23(9): 2319-26. 
 
Khazaei S, Rezaeian S, Soheylizad M, Khazaei S, Biderafsh A. 2016. Global 
Incidence and Mortality Rates of Stomach Cancer and the Human Development 
Index: an Ecological Study. Asian Pac J Cancer Prev. 17 (4): 1701-4. 
  



	

114 

Kilonzo RM, Imungi JK, Muiru WM, Lamuka PO, Njage PM. 2014. Household dietary 
exposure to aflatoxins from maize and maize products in Kenya. Food Addit Contam 
Part A Chem Anal Control Expo Risk Assess. 31(12): 2055-62.  
 
Kim GH, Bang SJ, Ende AR, Hwang JH. 2015. Is screening and surveillance for early 
detection of gastric cancer needed in Korean Americans? Korean J Intern Med. 30(6): 
747-58. 
	
Kim SY, Choi YY, An JY, Shin HB, Jo A, Choi H, Seo SH, Bang HJ, Cheong JH, 
Hyung WJ, Noh SH. 2015. The benefit of microsatellite instability is attenuated by 
chemotherapy in stage II and stage III gastric cancer: results from a large cohort with 
subgroup analyses. Int J Cancer. 137:819–25. 
 
Kim YG, Kong SH, Oh SY, Lee KG, Suh YS, Yang JY, Choi J, Kim SG, Kim JS, Kim WH, 
Lee HJ, Yang HK. 2014. Effects of screening on gastric cancer management: comparative 
analysis of the results in 2006 and in 2011. J Gastric Cancer. 14(2): 129-34. 
 
Kimanya ME, De Meulenaer B, Tiisekwa B, Ndomondo-Sigonda M, Devlieghere F, 
Van Camp J, Kolsteren P. 2008. Co-occurrence of fumonisins with aflatoxins in 
home-stored maize for human consumption in rural villages of Tanzania. Food Addit 
Contam Part A Chem Anal Control Expo Risk Assess. 25(11): 1353-64.  
 
Kimura-Tsuchiya R, Dohi O, Fujita Y, Yagi N, Majima A, Horii Y, Kitaichi T, Onozawa 
Y, Suzuki K, Tomie A, Okayama T, Yoshida N, Kamada K, Katada K, Uchiyama K, 
Ishikawa T, Takagi T, Handa O, Konishi H, Kishimoto M, Naito Y, Yanagisawa A, Itoh 
Y. 2017. Magnifying Endoscopy with Blue Laser Imaging Improves the Microstructure 
Visualization in Early Gastric Cancer: Comparison of Magnifying Endoscopy with 
Narrow-Band Imaging. Gastroenterol Res Pract. 2017:8303046. 
 
Kishikawa H, Kimura K, Takarabe S, Kaida S, Nishida J. 2015. Helicobacter pylori 
Antibody Titer and Gastric Cancer Screening. Dis Markers. 2015; 2015:156719. 
 
Kokkola A, Kosunen TU, Puolakkainen P, Sipponen P, Harkonen M, Laxen F, 
Virtamo J, Haapiainen R, Rautelin H. 2003. Spontaneous disappearance of 
Helicobacter pylori antibodies in patients with advanced atrophic corpus gastritis. 
APMIS. 111(6): 619-24. 
 
Korashy HM, El-Kadi AO. 2006. The role of aryl hydrocarbon receptor in the 
pathogenesis of cardiovascular diseases. Drug Metab Rev. 38(3): 411-50. 
 
Kumi J, Mitchell NJ, Asare GA, Dotse E, Kwaa F, Phillips TD, Ankrah NA. Aflatoxins 
and fumonisins contamination of home-made food (weanimix) from cereal-legume 
blends for children. Ghana Med J. 2014 Sep;48(3):121-6. 
 
Kurosawa M, Kikuchi S, Xu J, Inaba Y. 2006. Highly salted food and mountain herbs 
elevate the risk for stomach cancer death in a rural area of Japan. J Gastroenterol 
Hepatol. 21(11): 1681-6. 
 



	

115 

Kusters JG, van Vliet AH, Kuipers EJ. 2006. Pathogenesis of Helicobacter pylori 
infection. Review. Clin Microbiol Rev. 19(3): 449-90. 
 
Kweon SS. 2018. Updates on Cancer Epidemiology in Korea, 2018. Chonnam Med 
J. 54(2): 90-100.  
 
Ladeiras-Lopes R, Pereira AK, Nogueira A, Pinheiro-Torres T, Pinto I, Santos-Pereira R, 
Lunet N. 2008. Smoking and gastric cancer: systematic review and meta-analysis of 
cohort studies. Cancer Causes Control. 19(7): 689-701.  
 
Lagergren J, Andersson G, Talbäck M, Drefahl S, Bihagen E, Härkönen J, Feychting M, 
Ljung R. 2016. Marital status, education, and income in relation to the risk of esophageal 
and gastric cancer by histological type and site. Cancer. Cancer. 122(2): 207-12. 
 
Lambert R, Saito H, Lucas E, Sankaranarayanan R. 2012. Survival from digestive cancer 
in emerging countries in Asia and Africa. Eur J Gastroenterol Hepatol. 24(6): 605-12.  
 
Lang JB, J Gorrell R, Tafreshi M, Hatakeyama M, Kwok T, T Price J.  2016. The 
Helicobacter pylori cytotoxin CagA is essential for suppressing host heat shock 
protein expression. Cell Stress Chaperones. 21(3): 523-33. 
 
Laryea DO, Awuah B, Amoako YA, Osei-Bonsu E, Dogbe J, Larsen-Reindorf R, Ansong 
D, Yeboah-Awudzi K, Oppong JK, Konney TO, Boadu KO, Nguah SB, Titiloye NA, 
Frimpong NO, Awittor FK, Martin IK. 2014. Cancer incidence in Ghana, 2012: evidence 
from a population-based cancer registry. BMC Cancer. 14: 362. 
 
Latorre S G, Álvarez O J, Ivanovic-Zuvic S D, Valdivia C G, Margozzini M P, Chianale B J, 
Miquel P JF. 2015. Coverage of diagnostic upper gastrointestinal endoscopy for the 
prevention of gastric cancer in Chile: results from the 2009-2010 National Health Survey. 
Rev Med Chil. 143(9): 1198-205. 
 
Lauren P. 1965. The two histological main types of adenocarcinoma: Diffuse and so called 
intestinal type of adenocarcinoma. Acta Path Microbiol Immunl Scand. 64: 31-49. 
 
Le DT, Uram JN, Wang H, Bartlett BR, Kemberling H, Eyring AD, Skora AD, Luber 
BS, Azad NS, Laheru D, Biedrzycki B, Donehower RC, Zaheer A, Fisher GA, 
Crocenzi TS, Lee JJ, Duffy SM, Goldberg RM, de la Chapelle A, Koshiji M, Bhaijee 
F, Huebner T, Hruban RH, Wood LD, Cuka N, Pardoll DM, Papadopoulos N, Kinzler 
KW, Zhou S, Cornish TC, Taube JM, Anders RA, Eshleman JR, Vogelstein B, Diaz 
LA Jr. 2015. PD-1 Blockade in Tumors with Mismatch-Repair Deficiency. N Engl J 
Med. 372(26): 2509-20.  
 
Lee SA, Kang D, Shim KN, Choe JW, Hong WS, Choi H. 2003. Effect of diet and 
Helicobacter pylori infection to the risk of early gastric cancer. J Epidemiol. 13(3): 162-8. 
 
Li P, Zhang H, Chen J, Shi Y, Cai J, Yang J, Wu Y. 2014. Association between dietary 
antioxidant vitamins intake/blood level and risk of gastric cancer. Int J Cancer. 135(6): 
1444-53. 



	

116 

 
Liao LM, Hofmann JN, Kamangar F, Strickland PT, Ji BT, Yang G, Li HL, Rothman 
N, Zheng W, Chow WH, Gao YT, Shu XO. 2014. Polycyclic aromatic hydrocarbons 
and risk of gastric cancer in the Shanghai Women's Health Study. Int J Mol 
Epidemiol Genet. 5(3): 140-4.  
 
Lin SH, Li YH, Leung K, Huang CY, Wang XR. 2014. Salt processed food and gastric 
cancer in a Chinese population. Asian Pac J Cancer Prev. 15(13): 5293-8. 
 
Lin X, Zhao Y, Song WM, Zhang B. Lin X, Zhao Y, Song WM, Zhang B. 2015. Molecular 
classification and prediction in gastric cancer. Comput Struct Biotechnol J.13:448-58.  
 
Liu H, Qiao P, Wu X, Wang L, Ao Y, Jia Z, and Pi X. 2014. A smart capsule system 
of gastric occult blood detection. Biomed Mater Eng. 24(1): 519-28. 
 
Liu J, Yang XL, Li A, Chen WQ, Ji L, Zhao J, Yan W, Chen YY, Zhu LP. 2014. 
Epidemiological patterns of cancer incidence in southern China: based on 6 population-
based cancer registries. Asian Pac J Cancer Prev. 15 (3): 1471-5. 
 
Loh JT, Torres VJ, Cover TL. 2007. Regulation of Helicobacter pylori cagA 
expression in response to salt. Cancer Res. 67(10): 4709-15. 
 
Mabula JB, McHembe MD, Koy M, Chalya PL, Massaga F, Rambau PF, Masalu N, Jaka 
H. 2012. Gastric cancer at a university teaching hospital in northwestern Tanzania: a 
retrospective review of 232 cases. World J Surg Oncol. 10:257. 
 
Maeda E, Akahane M, Kiryu S, Kato N, Yoshikawa T, Hayashi N, Aoki S, Minami M, 
Uozaki H, Fukayama M, Ohtomo K. 2009. Spectrum of Epstein-Barr virus-related 
diseases: a pictorial review. Jpn J Radiol. 27(1): 4-19.  
 
McFarlane G, Forman D, Sitas F, Lachlan G. 2001. A minimum estimate for the 
incidence of gastric cancer in Eastern Kenya. Br J Cancer. 85(9): 1322-5. 
 
Michael KM, Waterboer T, Sehr P, Rother A, Reidel U, Boeing H, Bravo IG, 
Schlehofer J, Gärtner BC, Pawlita M. 2008. Seroprevalence of 34 human 
papillomavirus types in the German general population. PLoS Pathog. 
4(6):e1000091. 
 
Michel A, Pawlita M, Boeing H, Gissmann L, Waterboer T. 2014. Helicobacter pylori 
antibody patterns in Germany: a cross-sectional population study. Gut Pathog. 6:10. 
 
Michel A, Waterboer T, Kist M, Pawlita M. 2009. Helicobacter pylori multiplex 
serology. Helicobacter. 14(6): 525-35. 
 
Migchelsen SJ, Martin DL, Southisombath K, Turyaguma P, Heggen A, 
Rubangakene PP, Joof H, Makalo P, Cooley G, Gwyn S, Solomon AW, Holland MJ, 
Courtright P, Willis R, Alexander ND, Mabey DC, Roberts CH. 2017. Defining 
Seropositivity Thresholds for Use in Trachoma Elimination Studies. PLoS Negl Trop 



	

117 

Dis. 11(1):e0005230. 
 
Minhas V, Brayfield BP, Crabtree KL, Kankasa C, Mitchell CD, Wood C. 2010. 
Primary gamma-herpesviral infection in Zambian children. BMC Infect Dis. 12; 
10:115.  
 
Mota OM, Curado MP, Oliveira JC, Martins E, Cardoso DM. 2013. Risk factors for 
esophageal cancer in a low-incidence area of Brazil. Sao Paulo Med J. 131(1): 27-
34. 
 
Mukanga M, Derera J, Tongoona P, Laing MD. 2010. A survey of pre-harvest ear rot 
diseases of maize and associated mycotoxins in south and central Zambia. Int J Food 
Microbiol. 141(3): 213-21. 
 
Mukherjee B, Dutta A, Roychoudhury S, Ray MR. 2013. Chronic inhalation of 
biomass smoke is associated with DNA damage in airway cells: involvement of 
particulate pollutants and benzene. J Appl Toxicol. 33(4): 281-9.  
 
Mupunga I, Lebelo SL, Mngqawa P, Rheeder JP, Katerere DR. 2014. Natural 
occurrence of aflatoxins in peanuts and peanut butter from Bulawayo, Zimbabwe. J 
Food Prot. 77(10): 1814-8.  
 
Murray LJ, McCrum EE, Evans AE, Bamford KB. 1997. Epidemiology of Helicobacter 
pylori infection among 4742 randomly selected subjects from Northern Ireland. Int J 
Epidemiol. 26(4): 880-7. 
 
Mwihia JT, Straetmans M, Ibrahim A, Njau J, Muhenje O, Guracha A, Gikundi S, 
Mutonga D, Tetteh C, Likimani S, Breiman RF, Njenga K, Lewis L. 2008. Aflatoxin 
levels in locally grown maize from Makueni District, Kenya. East Afr Med J. 85(7): 
311-7. 
 
Naghavi M, Mohsen FH. Burden of non-communicable diseases in sub-Saharan 
Africa in 1990 and 2010: Global Burden of Diseases, Injuries, and Risk Factors 
Study. 2010, The Lancet, Volume 381, S95. 
 
Nakama H, Zhang B. 2000. Immunochemical fecal occult blood test is inadequate for 
screening test of stomach cancer. Dig Dis Sci. 45(11): 2195-8. 
 
Navarro Silvera SA, Mayne ST, Risch H, Gammon MD, Vaughan TL, Chow WH, Dubrow 
R, Schoenberg JB, Stanford JL, West AB, Rotterdam H, Blot WJ, Fraumeni JF Jr. 2008. 
Food group intake and risk of subtypes of esophageal and gastric cancer. Int J Cancer. 
123(4): 852-60.  
 
O'Doherty MG, Freedman ND, Hollenbeck AR, Schatzkin A, Murray LJ, Cantwell MM, 
Abnet CC. 2012. Association of dietary fat intakes with risk of esophageal and gastric 
cancer in the NIH-AARP diet and health study. Int J Cancer. 131(6): 1376-87. 
 
Obuseh FA, Jolly PE, Kulczycki A, Ehiri J, Waterbor J, Desmond RA, Preko PO, Jiang Y, 



	

118 

Piyathilake CJ. 2011. Aflatoxin levels, plasma vitamins A and E concentrations, and their 
association with HIV and hepatitis B virus infections in Ghanaians: a cross-sectional 
study. J Int AIDS Soc. 11; 14: 53. 
 
Offerhaus GJ, Price AB, Haot J, ten Kate FJ, Sipponen P, Fiocca R, Stolte M, Dixon 
MF. 1999. Observer agreement on the grading of gastric atrophy. Histopathology 
.34:320-5. 
 
Oluwafemi F, Badmos AO, Kareem SO, Ademuyiwa O, Kolapo AL. 2014. Mycotoxin 

Res. Survey of aflatoxin M₁ in cows' milk from free-grazing cows in Abeokuta, 
Nigeria. 30(4): 207-11. 
 
Park B, Shin A, Park SK, Ko KP, Ma SH, Lee EH, Gwack J, Jung EJ, Cho LY, Yang JJ, 
Yoo KY. 2011. Ecological study for refrigerator use, salt, vegetable, and fruit intakes, and 
gastric cancer. Cancer Causes Control. 22(11): 1497-502. 
 
Park JH, Kim YC, Koo HS, Oh SW, Kim S, Chin HJ. 2014. Estimated amount of 24-hour 
urine sodium excretion is positively correlated with stomach and breast cancer prevalence 
in Korea.J Korean Med Sci. 29 Suppl 2:S131-8. 
 
Parkin DM, Bray F, Ferlay J, Jemal A. Cancer in Africa 2012. 2014. Cancer 
Epidemiol Biomarkers Prev. 23(6): 953-66.  
 
Patel K, Wakhisi J, Mining S, Mwangi A, Patel R. 2013. Esophageal Cancer, the 
Topmost Cancer at MTRH in the Rift Valley, Kenya, and Its Potential Risk Factors. 
ISRN Oncol. 29; 2013:503249. 
 
Peleteiro B, La Vecchia C, Lunet N. 2012. The role of Helicobacter pylori infection in 
the web of gastric cancer causation, European Journal of Cancer Prevention. 21: 
118-125. 
 
Petrara MR, Cattelan AM, Zanchetta M, Sasset L, Freguja R, Gianesin K, Cecchetto MG, 
Carmona F, De Rossi A. 2012. Epstein-Barr virus load and immune activation in human 
immunodeficiency virus type 1-infected patients. J Clin Virol. 53(3): 195-200.  
 
Pintalhao M, Dias-Neto M, Peleteiro B, Lopes C, Figueiredo C, David L, Lunet N. 2010. 
Salt intake and type of intestinal metaplasia in Helicobacter pylori-infected Portuguese 
men. Nutr Cancer. 62(8): 1153-60. 
 
Plummer M, Vivas J, Lopez G, Bravo JC, Peraza S, Carillo E, Cano E, Castro D, Andrade 
O, Sánchez V, Garcia R, Buiatti E, Aebischer C, Franceschi S, Oliver W, Muñoz N. 2007. 
Chemoprevention of precancerous gastric lesions with antioxidant vitamin 
supplementation: a randomized trial in a high-risk population. J Natl Cancer Inst. 99(2): 
137-46. 
 
Pourfarzi F, Whelan A, Kaldor J, Malekzadeh R. 2009. The role of diet and other 
environmental factors in the causation of gastric cancer in Iran--a population based study. 



	

119 

Int J Cancer. 125(8): 1953-60.  
 
Probst C, Bandyopadhyay R, Cotty PJ. 2014. Diversity of aflatoxin-producing fungi and 
their impact on food safety in sub-Saharan Africa. Int J Food Microbiol. 174:113-22. 
 
Reddy L, Bhoola K. 2010. Ochratoxins-food contaminants: impact on human health. 
Toxins (Basel). 2(4): 771-9.  
 
Riba A, Bouras N, Mokrane S, Mathieu F, Lebrihi A, Sabaou N. 2010. Aspergillus 
section Flavi and aflatoxins in Algerian wheat and derived products. Food Chem 
Toxicol. 48(10): 2772-7.  
 
Rugge M, Genta RM, Di Mario F, El-Omar EM, El-Serag HB, Fassan M, Hunt RH, 
Kuipers EJ, Malfertheiner P, Sugano K, Graham DY. 2017. Gastric Cancer as 
Preventable Disease. Clin Gastroenterol Hepatol. 15(12): 1833-1843. 
 
Rugge M, Genta RM; OLGA Group. 2005. Staging gastritis: an international 
proposal. Gastroenterology. 129(5): 1807-8. 
 
Rugge M, Correa P, Di Mario F, El-Omar E, Fiocca R, Geboes K, Genta RM, 
Graham DY, Hattori T, Malfertheiner P, Nakajima S, Sipponen P, Sung J, Weinstein 
W, Vieth M. 2008. OLGA staging for gastritis: a tutorial. Dig Liver Dis. 40(8): 650-8.  
 
Rushton L, Alderson MR. 1981. An epidemiological survey of eight oil refineries in 
Britain. Br J Ind Med. 38(3): 225-34. 
 
Saito H, Miyatani K, Takaya S, Matsunaga T, Fukumoto Y, Osaki T, Wakatsuki T, 
Ikeguchi M. 2013. Clinicopathologic characteristics and prognosis of advanced 
gastric cancer simulating early gastric cancer, Yonago Acta Med. 56(3): 73-8.  
 
Sánchez-Zauco N, Torres J, Gómez A, Camorlinga-Ponce M, Muñoz-Pérez L, 
Herrera-Goepfert R, Medrano-Guzmán R, Giono-Cerezo S, Maldonado-Bernal C. 
2017. Circulating blood levels of IL-6, IFN-γ, and IL-10 as potential diagnostic 
biomarkers in gastric cancer: a controlled study. BMC Cancer. 17(1): 384.  
 
Santoro R, Carboni F, Lepiane P, Ettorre GM, Santoro E. 2007. Clinicopathological 
features and prognosis of gastric cancer in young European adults. Br J Surg. 94(6): 
737-42. 
 
SEER Cancer Stat Facts: Stomach Cancer. National Cancer Institute. Bethesda, MD, 
https://seer.cancer.gov/statfacts/html/stomach.html, accessed on 21st November 
2018. 
 
SEER Training Modules, Review: Cancer: A Historic Perspective. U. S. National 
Institutes of Health, National Cancer Institute. https://training.seer.cancer.gov/, 
accessed on 21st November 2018. 
 
Shao Y, Ye M, Jiang X, Sun W, Ding X, Liu Z, Ye G, Zhang X, Xiao B, Guo J. 2014. 



	

120 

Gastric juice long noncoding RNA used as a tumor marker for screening gastric 
cancer. Cancer. 120(21): 3320-8. 
 
Shimada T. 2006. Xenobiotic-metabolizing enzymes involved in activation and 
detoxification of carcinogenic polycyclic aromatic hydrocarbons. Drug Metab 
Pharmacokinet. 21(4): 257-76. 
Shin A, Kim J, Park S. 2011. Gastric cancer epidemiology in Korea. J Gastric 
Cancer. 11(3): 135-40.  
 
Shirima CP, Kimanya ME, Kinabo JL, Routledge MN, Srey C, Wild CP, Gong YY. 2013. 
Dietary exposure to aflatoxin and fumonisin among Tanzanian children as determined 
using biomarkers of exposure. Mol Nutr Food Res. 57(10): 1874-81.  
 
Sjödahl K, Jansson C, Bergdahl IA, Adami J, Boffetta P, Lagergren J. 2007. Airborne 
exposures and risk of gastric cancer: a prospective cohort study. Int J Cancer. 
120(9): 2013-8. 
 
Sjödahl K, Jia C, Vatten L, Nilsen T, Hveem K, Lagergren J. 2008. Salt and gastric 
adenocarcinoma: a population-based cohort study in Norway. Cancer Epidemiol 
Biomarkers Prev. 17(8): 1997-2001. 
 
Smith LE, Mbuya MNN, Prendergast AJ, Turner PC, Ruboko S, Humphrey JH, 
Nelson RJ, Chigumira A, Kembo G, Stoltzfus RJ. 2017. Determinants of recent 
aflatoxin exposure among pregnant women in rural Zimbabwe. Mol Nutr Food Res. 
61(9).  
 
Stewart B.W and Kleihues P. (Eds): 2003. World Cancer Report. IARC Press Lyon. 
 
Stomach cancer types, http://www.cancer.gov/types/stomach/hp/stomach-prevention-pdq, 
accessed on 14th December 2015. 
 
Strumylaite L, Zickute J, Dudzevicius J, Dregval L. 2006. Salt-preserved foods and risk of 
gastric cancer. Medicina (Kaunas). 42(2): 164-70. 
 
Takachi R, Inoue M, Shimazu T, Sasazuki S, Ishihara J, Sawada N, Yamaji T, Iwasaki M, 
Iso H, Tsubono Y, Tsugane S; Japan Public Health Center-based Prospective Study 
Group. 2010. Consumption of sodium and salted foods in relation to cancer and 
cardiovascular disease: the Japan Public Health Center-based Prospective Study. Am J 
Clin Nutr. 91(2): 456-64. 

Tanaka T, Okamura T, Miura K, Kadowaki T, Ueshima H, Nakagawa H, Hashimoto 
T. 2002. A simple method to estimate populational 24h urinary sodium and 
potassium excretion A using a casual urine specimen. J Hum Hypertens. 16(2):97-
103. 
 

Tang L, Xu L, Afriyie-Gyawu E, Liu W, Wang P, Tang Y, Wang Z, Huebner HJ, Ankrah 
NA, Ofori-Adjei D, Williams JH, Wang JS, Phillips TD. 2009. Aflatoxin-albumin adducts 
and correlation with decreased serum levels of vitamins A and E in an adult Ghanaian 



	

121 

population.Food Addit Contam Part A Chem Anal Control Expo Risk Assess. 26(1): 108-
18.  
 
Tang W, Morgan DR, Meyers MO, Dominguez RL, Martinez E, Kakudo K, Kuan PF, Banet 
N, Muallem H, Woodward K, Speck O, Gulley ML. 2012. Epstein-Barr virus infected 
gastric adenocarcinoma expresses latent and lytic viral transcripts and has a distinct 
human gene expression profile. Infect Agent Cancer. 7(1): 21.  
 
Tatemichi M, Nomura S, Ogura T, Sone H, Nagata H, Esumi H. 1999. Mutagenic 
activation of environmental carcinogens by microsomes of gastric mucosa with 
intestinal metaplasia. Cancer Res. 59(16): 3893-8. 
 
Tchana AN, Moundipa PF, Tchouanguep FM. 2010. Aflatoxin contamination in food 
and body fluids in relation to malnutrition and cancer status in Cameroon. Int J 
Environ Res Public Health. 7(1): 178-88. 
 

Teras LR, Rollison DE, Pawlita M, Michel A, Blase JL, Willhauck-Fleckenstein 
M, Gapstur SM. 2015. Prediagnostic circulating polyomavirus antibody levels and 
risk of non-Hodgkin lymphoma. Cancer Epidemiol Biomarkers Prev. Feb;24(2):477-
80.  

 
The Cancer Genome Atlas Research Network, 2014. Comprehensive molecular 
characterization of gastric adenocarcinoma. Nature. 513(7517): 202-9. 
 
The National Academics for Sciences, Engineering and Medicine, 
http://sites.nationalacademies.org/PGA/PEER/PGA_182070, accssed on 9th 
November 2018. 
 
Theuer CP, de Virgilio C, Keese G, French S, Arnell T, Tolmos J, Klein S, Powers W, 
Oh T, Stabile BE. 1996. Gastric adenocarcinoma in patients 40 years of age or 
younger. Am J Surg. 172(5): 473-6; discussion 476-7. 
 
Tokui N, Yoshimura T, Fujino Y, Mizoue T, Hoshiyama Y, Yatsuya H, Sakata K, Kondo T, 
Kikuchi S, Toyoshima H, Hayakawa N, Kubo T, Tamakoshi A; JACC Study Group. 2005. 
Dietary habits and stomach cancer risk in the JACC Study. J Epidemiol. 15 Suppl 2:S98-
108. 
 
Tsugane S, Sasazuki S, Kobayashi M, Sasaki S. 2004. Salt and salted food intake and 
subsequent risk of gastric cancer among middle-aged Japanese men and women. Br J 
Cancer. 90(1): 128-34. 
 
Turk DJ, Kozarek RA, Botoman VA, Patterson DJ, Ball TJ. 1991. Disposable 
endoscopic biopsy forceps: comparison with standard forceps of sample size and 
adequacy of specimen. J Clin Gastroenterol. 13(1): 76-8. 
 
UNAIDS 2019, http://www.unaids.org/en/regionscountries/countries/zambia, 
accessed on 5th May 2019. 



	

122 

 
Upham BL, Weis LM, Trosko JE. 1998. Modulated gap junctional intercellular 
communication as a biomarker of PAH epigenetic toxicity: structure-function 
relationship. Environ Health Perspect. 106 Suppl 4:975-81. 
 
Uthman OA, Jadidi E, Moradi T. 2013. Socioeconomic position and incidence of gastric 
cancer: a systematic review and meta-analysis. J Epidemiol Community Health. 67(10): 
854-60.  
 
van Beek J, zur Hausen A, Klein Kranenbarg E, van de Velde CJ, Middeldorp JM, 
van den Brule AJ, Meijer CJ, Bloemena E. 2004. EBV-positive gastric 
adenocarcinomas: a distinct clinicopathologic entity with a low frequency of lymph 
node involvement. J Clin Oncol. 22(4): 664-70. 
 
Vaziri F, Tarashi S, Fateh A, Siadat SD. 2018. New insights of Helicobacter pylori 
host-pathogen interactions: The triangle of virulence factors, epigenetic modifications 
and non-coding RNAs. World J Clin Cases. 6(5): 64-73. 
 
Venerito M, Vasapolli R, Rokkas T, Malfertheiner P. 2015. Helicobacter pylori and 
Gastrointestinal Malignancies. Helicobacter. 20 Suppl 1:36-9.  
 
Wang X, Terry P, Yan H. 2008. Stomach cancer in 67 Chinese counties: evidence of 
interaction between salt consumption and Helicobacter pylori infection. Asia Pac J Clin 
Nutr. 17(4): 644-50. 
 
Wang XQ, Yan H, Terry PD, Wang JS, Cheng L, Wu WA, Hu SK. 2012. Interaction 
between dietary factors and Helicobacter pylori infection in noncardia gastric cancer: a 
population-based case-control study in China. J Am Coll Nutr. 31(5): 375-84. 
 
Wang Y, Vogelsang M, Schäfer G, Matejcic M, Parker MI. 2013. MicroRNA 
polymorphisms and environmental smoke exposure as risk factors for oesophageal 
squamous cell carcinoma. PLoS One. 8(10):e78520.  
 
Ward MH, Cross AJ, Abnet CC, Sinha R, Markin RS, Weisenburger DD. 2012. Heme iron 
from meat and risk of adenocarcinoma of the esophagus and stomach. Eur J Cancer 
Prev. 21(2): 134-8. 
 
Ward MH, López-Carrillo L. 1999. Dietary factors and the risk of gastric cancer in Mexico 
City. Am J Epidemiol. 149(10): 925-32. 
 
Wen XY1. 2010. Salt taste sensitivity, physical activity and gastric cancer. Asian Pac J 
Cancer Prev. 11(6): 1473-7. 
 
White PA, Belant JL. 2015. Provisioning of game meat to rural communities as a benefit of 
sport hunting in Zambia. PLoS One. 10(2):e0117237.  
 
WHO. Global Status Report on Non-communicable Diseases 2010. Geneva: WHO; 
2011. http://whqlibdoc.who.int/publications/2011/9789240686458_eng.pdf. Accessed 



	

123 

1st August 2018. 
 
Woo HD, Park S, Oh K, Kim HJ, Shin HR, Moon HK, Kim J. 2014. Diet and cancer risk in 
the Korean population: a meta- analysis. Asian Pac J Cancer Prev. 15(19): 8509-19. 
 
Worldometers. http://www.worldometers.info/world-population/zambia-population/, 
accessed on 12th April 2019. 
 
World Cancer Research Fund, Continuous Update Project, Stomach cancer 
https://www.wcrf.org/dietandcancer/stomach-cancer, accessed on 22nd November 
2018. 
 
Wu X, Chen VW, Ruiz B, Andrews P, Su LJ, Correa P. 2006. Incidence of 
esophageal and gastric carcinomas among American Asians/Pacific Islanders, 
whites, and blacks: subsite and histology differences Cancer. 106(3): 683-92. 
 
Yamaoka Y, Kato M, Asaka M. 2008. Geographic differences in gastric cancer 
incidence can be explained by differences between Helicobacter pylori strains. Intern 
Med. 47(12): 1077-83.  
 
Yang D, Hendifar A, Lenz C, Togawa K, Lenz F, Lurje G, Pohl A, Winder T, Ning Y, 
Groshen S, Lenz HJ. 2011. Survival of metastatic gastric cancer: Significance of age, sex 
and race/ethnicity. J Gastrointest Oncol. 2(2): 77-84. 
 
Yang WG, Chen CB, Wang ZX, Liu YP, Wen XY, Zhang SF, Sun TW. 2011. A case-
control study on the relationship between salt intake and salty taste and risk of gastric 
cancer. World J Gastroenterol. 17(15): 2049-53. 
 
Yang Y, Shao Y, Zhu M, Li Q, Yang F, Lu X, Xu C, Xiao B, Sun Y, Guo J. 2016. 
Using gastric juice lncRNA-ABHD11-AS1 as a novel type of biomarker in the 
screening of gastric cancer. Tumour Biol. 37(1): 1183-8.  
 
Yard EE, Daniel JH, Lewis LS, Rybak ME, Paliakov EM, Kim AA, Montgomery JM, 
Bunnell R, Abudo MU, Akhwale W, Breiman RF, Sharif SK. 2013. Human aflatoxin 
exposure in Kenya, 2007: a cross-sectional study. Food Addit Contam Part A Chem 
Anal Control Expo Risk Assess. 30(7): 1322-31.  
 
Ye WM, Yi YN, Luo RX, Zhou TS, Lin RT, Chen GD. 1998. Diet and gastric cancer: a 
casecontrol study in Fujian Province, China. World J Gastroenterol. 4(6): 516-518. 
 
Yim JY, Kim N, Choi SH, Kim YS, Cho KR, Kim SS, Seo GS, Kim HU, Baik GH, Sin 
CS, Cho SH, Oh BH. 2007. Seroprevalence of Helicobacter pylori in South Korea. 
Helicobacter. 12(4): 333-40. 
 
Yong-xi Zhang, Xi-en Gui, Ya-hua Zhong, Yu-ping Rong, Ya-jun Yan. 2011. Cancer in 
cohort of HIV-infected population: prevalence and clinical characteristics, J Cancer Res 
Clin Oncol. 137: 609–614. 
 



	

124 

Yoshimizu S, Yamamoto Y, Horiuchi Y, Omae M, Yoshio T, Ishiyama A, Hirasawa T, 
Tsuchida T, Fujisaki J. 2018. Diagnostic performance of routine 
esophagogastroduodenoscopy using magnifying endoscope with narrow-band 
imaging for gastric cancer. Dig Endosc. 30(1): 71-78. 
 
You WC, Blot WJ, Chang YS, Ershow A, Yang ZT, An Q, Henderson BE, Fraumeni 
JF Jr, Wang TG. 1989. Allium vegetables and reduced risk of stomach cancer. J Natl 
Cancer Inst. 81(2): 162-4. 
 
You WC, Brown LM, Zhang L, Li JY, Jin ML, Chang YS, Ma JL, Pan KF, Liu WD, Hu Y, 
Crystal-Mansour S, Pee D, Blot WJ, Fraumeni JF Jr, Xu GW, Gail MH. 2006. Randomized 
double-blind factorial trial of three treatments to reduce the prevalence of precancerous 
gastric lesions. J Natl Cancer Inst. 98(14): 974-83. 
 
Yu X, Luo L, Wu Y, Yu X, Liu Y, Yu X, Zhao X, Zhang X, Cui L, Ye G, Le Y, Guo J. 
2013. Gastric juice miR-129 as a potential biomarker for screening gastric cancer. 
Med Oncol. 30(1): 365. 
 
Zain ME, 2011. Impact of mycotoxins on humans and animals, Journal of Saudi Chemical 
Society Volume 15, Issue 2, Pages 129–144.  
 
Zambia 2010 census of population and housing, population summary report 
http://www.mcaz.gov.zm/wp-content/uploads/2014/10/2010-Census-of-Population-
Summary-Report.pdf, accessed on 11th November 2018. 
 
Zambia in Figures, Central Statistical Office, 2018. 
https://www.zamstats.gov.zm/phocadownload/Dissemination/Zambia.pdf, accessed 
on 26th March 2019. 
 
Zambia National Health Strategic Plan, 2017-2021, 
www.moh.gov.zm/docs/ZambiaNHSP.pdf, accessed 15th May 2018. 
 
Zambia Tourism, https://www.zambiatourism.com/about-zambia/, accessed on 27th 
October 2018. 
 
Zambian National Food Nutrition Commission report, http://www.nfnc.org.zm, 
accessed 7th January 2016. 
 
Zhang Q, Wang F, Chen ZY, Wang Z, Zhi FC, Liu SD, Bai Y. 2016. Comparison of 
the diagnostic efficacy of white light endoscopy and magnifying endoscopy with 
narrow band imaging for early gastric cancer: a meta-analysis. Gastric Cancer. 19(2): 
543-52. 
 
Zhang W. TCGA divides gastric cancer into four molecular subtypes: implications for 
individualized therapeutics. 2014. Chin J Cancer. 33(10): 469-70.  
 
Zhang Z, Zhang X. 2011. Salt taste preference, sodium intake and gastric cancer in 
China. Asian Pac J Cancer Prev. 12(5): 1207-10. 



	

125 

 
Zheng TH, Zhao JL, Guleng B. 2015. Advances in Molecular Biomarkers for Gastric 
Cancer. Crit Rev Eukaryot Gene Expr. 25(4): 299-305. 
 
Zhong C, Li KN, Bi JW, Wang BC. 2012. Sodium intake, salt taste and gastric cancer risk 
according to Helicobacter pylori infection, smoking, histological type and tumor site in 
China. Asian Pac J Cancer Prev. 13(6): 2481-4. 
 
Zhou D, Wang JD, Weng MZ, Zhang Y, Wang XF, Gong W, Quan ZW. 2013. 
Infections of Helicobacter spp. in the biliary system are associated with biliary tract 
cancer: a meta-analysis. Eur J Gastroenterol Hepatol. 25(4): 447-54.  
 
Zhou Y, Zhuang W, Hu W, Liu GJ, Wu TX, Wu XT. 2011. Consumption of large 
amounts of Allium vegetables reduces risk for gastric cancer in a meta-analysis. 
Gastroenterology. 141(1): 80-9.  
 
Zuo XL, Li Z, Li CQ, Zheng YY, Xu LD, Chen J, Lin R, Song J, Yu CH, Yue M, Zhou 
Q, Liu ZY, Li YQ. 2017. Probe-based endomicroscopy for in vivo detection of gastric 
intestinal metaplasia and neoplasia: a multicenter randomized controlled trial. 
Endoscopy. 49(11): 1 033-1042. 
 
  



	

126 

APPENDICES 

 

APPENDIX 1: PROTOCOL FOR IN SITU HYBRIDISATION FOR EPSTEIN-BARR 

VIRUS  

Commercially available EBV CISH Detection Kits (Master Diagnostica, Granada, 

Spain) were used to determine the presence of EBV in gastric tumours. With strict 

adherence to the manufacturer’s instructions, the following procedure was followed: 

1. Dewaxing and hydrating 

To begin the dewaxing process, biopsies mounted on electrically (charged 

(polylysine-coated) slides were placed in a 60oC oven overnight. They were then 

immersed in xylene twice for ten minutes each. Rehydration started with absolute 

ethanol for five minutes twice, followed by 80% ethanol for 5 minutes, then 70% 

ethanol, and lastly the slides were rinsed off with distilled water for ten minutes. 

2. Enzymatic digestion 

For enzymatic digestion, 5 µl of concentrated proteinase K solution was diluted in 

2ml of Tris-buffered saline (TBS) and applied onto the tissue with an eight-minute 

incubation at room temperature (RT). The slides were then washed three times with 

TBS. 

3. Hybridisation 

For hybridisation, EBER CISH an artificially synthesized Peptide Nucleic Acid (PNA) 

Probe was applied and a cover slip placed on top. The slides were then incubated for 

one hour at 37 oC. 

4. Detection and visualization  

After the incubation, the slides were washed with TBS three times. In a careful 

series, the slides were treated as follows: 

i. 200 µl of peroxide blocking reagent for ten minutes at RT, then washed 

with TBS three times 
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ii. 200 µl of digoxigenin antibody for ten minutes at RT, then washed with 

TBS three times 

iii. 200 µl of primary antibodies amplifier master for ten minutes at RT, then 

washed with TBS three times 

iv. 200 µl of master polymer plus HRP for ten minutes at RT, then washed 

with distilled water three times 

v. A drop of chromogen concentrate was then mixed with DAB substrate 

buffer and applied onto the tissue for five minutes at RT and followed by a 

wash with distilled water three times. 

5. Contrast staining and mounting 

For enhanced tissue visualization, the slides were then stained with contrast 

heamatoxylin, blueing in tap water. Dehydration was then performed with increasing 

concentrations of alcohols and xylene and finally slides were mounted under 

coverslips and visualized under a microscope at X100, X200 and X400 

magnifications. The kits from Master Diagnostica Granada, Spain, included positive 

control slides. 
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APPENDIX 2: DATA COLLECTION SHEET (QUESTIONNAIRE) 
 
The investigator administered this questionnaire 
 
Basic demographic characteristics 
 
DATE:_________________________ ID number   __________________________ 
 
Cell number: _________________________________________________________ 
 
Relative or caregiver’s number: __________________________________________ 
 
Cost of transport to UTH (using public bus) _________________________________ 
 
Town/city of permanent residence: _______________________________________ 
 
Duration of stay in this town/city: _________________________________________ 
 
Sex: 0- male  
            1- female     
 
Age: _________ years 
 
Weight: ___________    Height:__________________________ 
 
Marital status:  
  
0- Single     1- Married     2- Widowed    
3- Divorced      4- Separated     5- Co-habiting 

 
Occupation: _______________________________________________  
 
Level of education attained: 
  
0-none     1-primary     2-secondary     3-tertiary 
 
 
 
Household characteristics 
 
Type of house: 
 
0- brick       1- mud 2- grass       3- metal sheets       4- other (specify)__________ 
 
Location of the cooking area: 
 
0- inside the house, separate room       1- inside the house, in the room for sleeping 
2- outside the house, separate structure 3- outside the house, no structure 
 
How frequently respondent cooks: 
 
0- more than once a day 1- once a day                        2- more than once a week 
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3- once a week  4- more than once a month    5- once a month 
6- very rarely   7- never 
 
Fuel used for cooking:  
 
0- electricity   1-charcoal   3-firewood   4-gas           5- other (specify)__________ 
 
Duration of use for the fuel mentioned above: ________________________ years 
 
If applicable, fuel used in the past: 
 
0- electricity   1-charcoal   3-firewood   4-gas           5- other (specify)__________ 
 
Household items:  
 Yes No 
Television   
Decoder   
Fridge   
Computer   
Internet   
Microwave   
Car   
  
Source of water for the household: 
 
0- piped into the house 1- piped to outside tap 2- drawn from neighbours 
3- borehole   4- covered well  5- open well 
6- stream/ River/ Lake 7- other (specify) 
 
 
Medical history 
 
Main symptoms: 
 
 
 
Duration of symptoms: 
_______________________________(days, months or years) 
 
Time since the first contact with a health care worker 
_______________________________(days, months or years) 
 
History of acid suppressive drugs PPI or other  0-No   1-Yes 
 
History of gastrointestinal cancer in the family: 
 
0- None 1- Oesophageal 2- Gastric 3- Duodenal  4- Colon 
5- Rectum  6- Liver 7- Pancreas  8- Biliary 
 
Relation to the cancer patient: ___________________________________________ 
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FOOD FREQUENCY QUESTIONNAIRE 
	
Date:	……………………………………………………………………………..														Participant’s	ID	number……………………………………………………………………………																																																																																														

	

Foods	

Average	use	in	the	past	year	
Please	put	a	mark	(√	)	on	every	line	as	appropriate	

Never	or		
less	than	
once	a	
month	

1-3	
times	a	
month	

Once	a		
week	

2-4	times	
a	week	

5-6	times	
a	week	

Once	
a	day	

2-3	times	
a	day	

More	
than	3	
times	a	
day	

Write	
down	the	
typical	
serving	
size	

Animal	Protein		 		 		 		 		 		 		 		 		 		
Beef		 		 		 		 		 		 		 		 		 		

Goat	 		 		 		 		 		 		 		 		 		

Pork	 	 	 	 	 	 	 	 	 	

Game		 	 	 	 	 	 	 	 	 	

Chicken		 		 		 		 		 		 		 		 		 		

Hungarian		 		 		 		 		 		 		 		 		 		

Polony	 		 		 		 		 		 		 		 		 		
Ham	 		 		 		 		 		 		 		 		 		

Bacon	 		 		 		 		 		 		 		 		 		

Salami	 	 	 	 	 	 	 	 	 	

Sausage	 	 	 	 	 	 	 	 	 	

Canned	meat	 		 		 		 		 		 		 		 		 		
Fish	 	 	 	 	 	 	 	 	 	

Kapenta	 		 		 		 		 		 		 		 		 		

Bream		 		 		 		 		 		 		 		 		 		

Buka	Buka	 		 		 		 		 		 		 		 		 		

Tiger		 		 		 		 		 		 		 		 		 		

Other	fish	 		 		 		 		 		 		 		 		 		

Vegetables	 		 		 		 		 		 		 		 		 		
Green	leafy	
vegetables	 	 	 	 	 	 	 	 	 	

Egg	plant		 		 		 		 		 		 		 		 		 		

Tomatoes	 		 		 		 		 		 		 		 		 		
Green	beans	and	
peas	 		 		 		 		 		 		 		 		 		

Onions		 		 		 		 		 		 		 		 		 		
Fruits	 		 		 		 		 		 		 		 		 		
Banana		 	 	 	 	 	 	 	 	 	
Mangoes		 	 	 	 	 	 	 	 	 	

Papaya		 		 		 		 		 		 		 		 		 		

Guava		 		 		 		 		 		 		 		 		 		

Orange		 		 		 		 		 		 		 		 		 		

Lemon		 		 		 		 		 		 		 		 		 		

Baobab		 		 		 		 		 		 		 		 		 		

Apple		 		 		 		 		 		 		 		 		 		
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Foods	

Never	or		
less	than	
once	a	
month	

1-3	
times	a	
month	

Once	a		
week	

2-4	times	
a	week	

5-6	times	
a	week	

Once	
a	day	

2-3	times	
a	day	

More	
than	3	
times	a	
day	

Write	
down	the	
typical	
serving	
size	

Pineapple		 		 		 		 		 		 		 		 		 		
Strawberries	 	 	 	 	 	 	 	 	 	
Mulberry		 		 		 		 		 		 		 		 		 		

Avocado		 		 		 		 		 		 		 		 		 		
Watermelon	 	 	 	 	 	 	 	 	 	
Fruit	juices	 	 	 	 	 	 	 	 	 	

Zambian	fruits	 		 		 		 		 		 		 		 		 		
Beverages	 		 		 		 		 		 		 		 		 		
Chibuku	beer	 		 		 		 		 		 		 		 		 		

Kachasu	 		 		 		 		 		 		 		 		 		
Packaged	spirits	 	 	 	 	 	 	 	 	 	
Bottled	beer	 		 		 		 		 		 		 		 		 		

Ordinary	spirits	 		 		 		 		 		 		 		 		 		
Wines	 		 		 		 		 		 		 		 		 		
Ciders	 		 		 		 		 		 		 		 		 		

Traditional	brews	 		 		 		 		 		 		 		 		 		
Current	smoking	 	 	 	 	 	 	 	 	 	
Former	Smoking	 	 	 	 	 	 	 	 	 	

 
 
 
 
 
QUESTIONNAIRE ON SALT INTAKE 
 

 All the time Very often Not often Never 

Added salt     

Salt preference 

Not salty     

Slightly salty     

Salty     

Very salty     

     

 

 
 

 

  



	

132 

APPENDIX 3: INFORMATION SHEET	
 
You are invited to take part in a study looking at the factors that leading to the 

development of stomach cancer. Stomach cancer is a disease characterized by a 

mass or growth in the stomach. As it grows, the affected person may start vomiting, 

have stomach pain and the blood levels can go very low. The person will also start 

losing weight. However, many people with this disease do not show any obvious 

signs until the stomach growth has become really big or even spread to other parts of 

the body. Many people who develop this disease get very sick and die quickly, 

because they come to the hospital when it is too late. In order to reduce such deaths, 

there is need to find out which factors are associated with the development of this 

disease. In this study, we are looking at these factors and trying to find ways of 

preventing stomach cancer and having it treated before it spreads to other parts of 

the body.  

 

Who is doing the study? 

Dr Violet Jolezya Kayamba is the main investigator on this study. The study is being 

conducted at the endoscopy unit of the University Teaching Hospital. 

 

What is the purpose of the study? 

The purpose of this study is to find out the factors around us that could be leading to 

the development of stomach cancer.  

 

How is the selection being done? 

We are including any individuals sent to this unit to have the test you are about to 

have called endoscopy, as long as they are willing to participate. We will however, 

not include those who are not able to swallow food properly. 
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What procedure is going to be done? 

You have already been asked to come for a procedure known as endoscopy to 

check your food pipe, stomach and the first part of your small intestines. Before we 

do the endoscopy, we will ask you to swallow a capsule, which will then be pulled out 

of your stomach using a small string attached to it. This will take about two minutes. 

During the endoscopy, we will carefully examine the stomach to see if there are any 

abnormalities that could lead to cancer of the stomach. We will take some tissue, 

called a biopsy from the stomach that will be taken to the laboratory for analysis. 

Taking biopsies from the stomach is completely painless and there is just minimal 

bleeding which stops almost immediately. We will also get some fluid to check how 

much acid is in the stomach. After the procedure, 10ml blood will be taken and sent 

to the laboratory for testing. In addition, we are going to ask you some questions 

regarding your health do a physical examination.  

 

What are we going to do with the samples we take? 

Tissue samples collected from the stomach will be sent to the laboratory within the 

UTH for evaluation. At the laboratory, they will check for the presence of any 

changes that can lead to the development of cancer. The blood samples will be sent 

to the laboratory where chemicals that could lead to cancer will be checked. In 

addition the blood will be checked for the presence of HIV infection. We will offer you 

counseling before checking for HIV. After getting the results, counseling will again be 

offered. You are free to tell us if you are not willing to have an HIV test.  

 

What are the possible benefits to you?  

As a participant in this study, you will be have the chance of being thoroughly 

checked for the presence of stomach changes that could lead to development of 

cancer in future. If you already have cancer, we will have you referred to the Cancer 

Diseases Hospital and delays will be minimized. Otherwise, there is no financial or 
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material gain for participation but you will assist doctors to understand how stomach 

cancer develops and find ways of preventing it. Participation in this study will not cost 

you any money. We will give you a transport refund for coming to the hospital to 

collect relevant results for tests done in the study.  

 

What are the possible disadvantages to you? 

There are no major risks that will result from study participation. However, as we 

draw blood from your arm you will feel some discomfort at the prick site and there is 

a small chance of you bleeding excessively or getting an infection at the site. This is 

very rare as we draw blood from many patients without any problems. We assure 

you that only well-trained and experienced personnel will draw the blood. The 

Hemopill is the size of a standard capsule and is easily swallowed with water. Just 

like swallowing a capsule, you will fill it as you swallow it and also as it is being taken 

out. It is however, completely painless.  

 

Study related injuries 

Should there be any study related injuries, the principal investigator, who is a trained 

physician, will be readily available to treat them. Appropriate referrals will be made should 

that be deemed necessary. However, there are no major risks to the patients that will be 

merely due to study participation. 

  

Confidentiality 

Your details will be recorded in a form, which will be locked away in an office here in 

the UTH. Your details will be entered on a computer but only in coded form and your 

name will not be included. Any information and results obtained will remain 

absolutely confidential, and other family members or work colleagues will not be 

granted access to this information. 
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The study is voluntary. 

You do not have to participate in the study if you do not want to, and even if you 

refuse to participate in the study, you will be provided with the best care available 

and there will be no discrimination of any sort. If you do agree, you are also free to 

change your mind at any time. You are also free to decline giving answers to any 

questions that you do not want to respond to. The Research Ethics Committee of the 

University of Zambia has approved this research study and their contact details are 

given below. 

 

Contact details of the Principle Investigator: Dr Violet Jolezya Kayamba, Department 

of Internal medicine, University of Zambia, PO Box 50398, Lusaka, Phone 0977 254 

854, e-mail viojole@yahoo.com. 

Contact details of Research Ethics Committee: The chairman, UNZABREC office, 

Department of Anatomy, Ridgeway Campus, Nationalist Road, PO Box 50110, 

Lusaka (phone 0211 256067) unzarec@unza.zm 

 

 

Nyanja translation 

 

MAU OLONGOSOLA 

 

Mwaitanidwa kutengako mbali kumaphunzilo kuona za magulu amene aleta 

kuchuluka kwazilonda zamumala ndi unyinji makalidwe kapena kukula mumala. 

Pamene zikula munthu amene ali ndi vuto iyi nthawi zina amaluka, kubaba 

kwamumala ndipo magzi agate ochepa. Munthu anga yambe kuonda ngakale nditelo 

saonesa zizindikilo mphanka mimba kukula kapena kupeleka kuziwalo zina zatupi. 

Anthu ambili amene ankala ndi matenda aya akala odwala kwambili ndikufa 

musanga, chifukwa amabwela kuchipatala muchedwa. Pofuna kuchepesa infa 
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zachoncho, chofunikila nikuziwa mbali ziti zimene zili pamozi kuti zikulise nthenda iyi, 

pamhunzilo awa tifuna kuona zofunikila ndiku chilisa kalibe kupita mbali zina zathipi. 

 

Ndani achita mamphuzilo? 

Dotolo Violet Jolezya Kayamba ndi akulu amene akufufuza mamphuzilo awa, 

mamphuzilo awa achitika kukiliniki ya endoscopy ya University Teaching Hospital.  

 

Chilnga cha mamphunzilo nichabwanji? 

Chilinga cha mamphuzilo awa ndi ku peza magulu mwaife zimene zingalete kukula 

kwazilonda zamumala.  

 

Kusanka kuzankala bwanji? 

Kizatenga munthu aliyense amene azathumidwa kukiliniki akapimindwe yochedwa 

endoscopy. Mulinga alikufuna kutengako mbali. Sitizaikamo aja amene alepela 

kumena bwino chakudya. 

 

Ndi njilayambwanji azachitilamo? 

Munafunsidwa kale kubwela kukapimindwa kuchedwa endoscopy. Kuona pipe yanu 

yachakundya mumala ndi njila yoyamba mbali ya makumbo yanyono. Yikalibe 

kukupimani ku endoscopy, tizakupempani kumwako kamankwala paneme pambuyo 

pache kachoka mumala mwanu. Kuzebezensa kanthu kamene ali pamozi, ichi 

izachitika panthawi inyono yak u pima endoscopy. Kizapima bwino mumala kuona 

agti muli zinthu zimine zingalese zilonda zamumala, tizachosa tuntu tochedwa 

(biopsy) kuchosa mumala mwanu kuti akapime kupimila kutenda tuntu (biopsy). 

Kuchosa mumala sichiwawa ndipo kumachoka tumagazi kunyono kumene tumaleka 

thawi inyono, kizathengako timadzi kuti ti pime kuona acidi yamumala. Pambuyo 

pazopima, tizathengako madzhi ndikupeleka kuti akapime. Tizakufunsani mafunso 

pa zaumoyo wanu ndi kupima kwina.  
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Zimenekizatenga tizachitanazo chani? 

Zonze zimene tizatenga kuchokela kizathuma kopimina kulabu muchipatala cha 

Univeristy Teaching Hospital muno kuit tione zochitika kuja. Azaona zones zamene 

zipezeka angati chachinja zamene zingaletele chichulka kwazilonda mumala, magazi 

onse amene azathengedwa azpita kopimila kumene mankwala amene aleta zilonda 

zamumala azaona, pakupima zine, mazazi azapimamo a doyo ka HIV. Tikapeza 

zotulukamo tizakuyuzani zopezekamo. Muliomasuka kutiuza kuti fumufuna kupima 

HIV. 

 

Ndipindu ya bwanji yamene muzapeza? 

Ngati muthengako mbali mumamphuzilo awa, muzankala ndi mupata kuona bwino 

pa kusintha kwamumala pazimene zileta kuchuka kwazilonda kusogolo, ngati 

mulindizilonda kale, tizakutumani kuchipatala chachikulu chazilonda cha cancer 

disease hospital. Sikuzankala kuchendwa angankale ndi choncho ndipi sikuzanthala 

malipilo kapena zina zopezamo akutengako mbali koma muzathandiza a dotolo 

kuziba kuti zilonda zipaka bwanji ndikupeza ngila yo chingiliza kukenga ko mbali 

mumamphuzilo, simukapeleka ndalama ilionse. Tizakupasani, ndalama yukweleleku 

kupita kuchipatala ku kengako zithulukamo mamamphuzilo. 

 

Zovuta nizabwanji zizapezekamo? 

Kulibe zikulu ziyofya zingayofwe kutengako mbali mumamphuzilo ngankale choncho 

pamene titenga magadzi kukwanja kwanu. Muzamva muwawa panyono. Kumbali 

thuwi zina munga mve kuwawa pangono nthawi zina mungachose magandhi 

kapenna kuchosako zina, chamene chimachitika kuodwala pakuchosamagadzi ayo 

opanda mavuto. Tikulonjeza kuti ameneyo amene anamphuzila kufikapo ndiyamene 

azachosa magadzi. Hemopill siyizi yamapilusi ndipo sivuta kumela ndimdzi pakumela 

pilusi ya capsule muzanvela ndi kuvulula ndipo siwawakonse.  
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Ngati kukala kuzichita mumamphuzilo  

Asinyanga ochuka azakalako kupasa tandizo. Ngati kuzichita kuzankala kwakukulu, 

asinyanga azauthumizani zipatala zoyenela, koma muyenela kuziwa kuti kulibe 

kozichita kunga chitike mumamphuzilo aya.  

 

Zachnsinsi 

Zonse zimene tizalemba zizasungidwa pamondzi, zimene zizakomedwa muofesi 

kunoku UTH. Zonse zimene tizakambilana, kizalowesa mucompta koma, 

muchokambila chapmuta. Zinayano sizankalapo zokambilana ndi zi tulukamo. Zonzs 

zizankala zachinsinsi. Abale anu kapena akunchito sazanthala ndi mpata 

kuzokambilana.  

 

Kumamphuzilo nikuzipeleka 

Shimunga tengeko mbali ku mamphuzilo ngati simufuna kutengako mbali. 

Muzathandiziwa bwino. Sitizayikapo kapatulula mulimonse, ngati mwavomela. 

Munga chinje nzelu zanu panthwi ilionse. Muliomasuka kusanyanka mafunso alionse 

amene simufuna kuyanka. Bungwe ayikulu yoyanganila pazamamphuzilo ya UNZA 

avomela kuti mamphuzilo awa angakalepo ndi mungawa beze pa ma numbala 

olemba pansikwa ofufuza a dotolo. 

Yaba dotolo ni: Dr Violet Jolezya Kayamba, Department of Internal medicine, 

University of Zambia, PO Box 50398, Lusaka, Phone 0977 254 854, e-mail 

viojole@yahoo.com. 

Yabo pasa mbali ni: The chairman, UNZABREC office, Department of Anatomy, 

Ridgeway Campus, Nationalist Road, PO Box 50110, Lusaka (phone 0211 256067) 

unzarec@unza.zm 
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APPENDIX 4: CONSENT RECORD SHEET 

   

I confirm that I understand the information I have been given about the study. I agree 

to participate in the study. I confirm that I am joining the study of my free will and that 

I can withdraw at any time without affecting the care available to me. I understand 

what will be required of me. I also understand that I can refuse to answer any 

questions that I do not want to respond to. 

 

(Nyanja translation) 

CHIBVOMERESEDWE 

Ndi ku tanthauza kuti ndamvensesa maphunzilo aya. Ndipo nabvomera kunkalamo. 

Ninga chokemo panthawi iliyonse gati nafuna. Ndipo ndabvera kuti nigakane 

kuyanka mufunso yamene sinilikufuna kuyanka. 

 

 

Name of Participant: ………………………………………………………………………. 

 

Signed: …………………………………………..or thumb print………………………..... 

 

Date: …………………………………………….. 

 

Name of Witness: ………………………………………………………………………….. 

 

Signed: ……………………………………………or thumb print………………………... 

 

Date: ……………………………………………… 

 

I confirm that I have explained the information fully and answered any questions 

 

Signed by Investigator: ……………………………… 

 

Name: …………………………………………………………………………………….... 

 

Date: …………………………………………………  
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APPENDIX 5: UNIVERSITY OF ZAMBIA BIOMEDICAL RESEARCH ETHICS 

COMMITTEE APPROVAL  
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APPENDIX 6: NATIONAL HEALTH RESEARCH AUTHORITY APPROVAL  


