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ABSTRACT
The consumption of foodstuffs contaminated with aflatoxins may lead to hepatotoxic
effect particularly in coexistence with chronic viral hepatitis infection. In Sub-Saharan
Africa, hepatocellular carcinoma is one of the most common malignancies. The aim of
this study was to measure the level of exposure of aflatoxin and liver damage markers
in adults with viral hepatitis in Ghana. The study was conducted in the Ejura-
Sekyedumase district, Ghana. Five hundred adults were screened for viral hepatitis B
and C. Spot urine and blood were collected and analysis of AFM; in the urine was
measured using immunoaffinity column purification (AflaTest) followed by HPLC-
flourescence detection at wavelength of 365 nm excitation and 425 nm emission . Viral
hepatitis B and C and liver damage markers were measured from the blood serum
samples using an automated colorimetric method. Out of total number of 500 samples
screened 43(8.6%) tested positive for HBsSAg only whiles 457 (91.4%) tested negative.
Twelve samples tested positive for HCV. Fifty five samples tested negative for HBsAg
and HCV for which were used as controls. There was significant difference in the
AFM; levels between the HBsAg positive adults (5255.0+2757.9) and their controls
(374.8+ 227.7) (P=0.001). There was no significant difference in the ALT, AST, and
albumin concentrations between the Hepatitis B surface antigen positive adults and the
control group. Four adults (9.3%) tested positive for HBeAg with mean+SD
concentration of AFM; ALT and AST of 6536.7+5558.5 pg/dL, 58.0£12.4 U/L and
78.8+£55.8 U/L respectively. Results from this study demonstrated significant levels of

aflatoxin in HBsSAg positive subjects compared to HBSAg negative subjects. The



observations emphasize the need for aflatoxin exposure intervention strategies in high-

risk countries; possibly targeted at postharvest food handling.
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CHAPTER ONE
1.0 INTRODUCTION

1.1 Background

Aflatoxins are potent carcinogens that are produced as secondary metabolites by strains
of the fungi Aspergillus parasiticus and Aspergillus flavus that grow and contaminate
food crops such as groundnuts, maize and other oilseeds (Gourama and Bullerman,
1995). Aflatoxins exist in four major forms such as, B1, B2, G1 and G2 which occur
together in different proportions in various foods (Gourama and Bullerman, 1995).
Aflatoxin B1 is usually the predominant and most toxic form, and classified by the
World Health Organisation as a class 1 carcinogen (Tseng, 1994).

A major metabolic product of aflatoxin B1 (AFB;) is aflatoxin M1 (AFM,) that is
usually excreted in milk and urine of dairy cattle and other mammals (Gourama and
Bullerman, 1995). Aflatoxin is one of the most important environmental toxins that
contribute to the pathogenesis of hepatocarcinoma, especially in the regions where
dietary foodstuffs (peanuts, corn, Brazil nuts, pistachios, spices and figs) are highly
contaminated (Colombo, 1992; Qian et al., 1994). Aflatoxin B1 is metabolized by the
liver through the cytochrome P450 enzyme system to the major carcinogenic metabolite
AFB;-8,9-epoxide. Aflatoxin B1-8,9-epoxide binds to cellular macromolecules
including proteins and DNA to form adducts (Ross et al., 1992; Aguilar et al., 1993).
Many studies have linked aflatoxin contamination of foods with acute illness resulting
in death (CDC, 2004) and liver cancer (Bosch and Munoz, 1988; IARC, 1996 and

Ozturk, 1991). Following ingestion of food contaminated with aflatoxin, it damages the



liver and acts to synergize the development of hepatomas when other cancer causing
agents (such as hepatitis B virus) are present (Wang et al., 1996). Approximately 4.5
billion of the world’s populations are believed to be exposed to aflatoxins (Williams et

al., 2004).

Viral hepatitis is the inflammation of the liver, due to a viral infection that attacks the
liver (National Library of Medicine, 2011). It may present in acute (recent infection,
relatively rapid onset) or chronic forms (persistent). Chronic cases of viral hepatitis can
lead to life-threatening liver cirrhosis, liver failure and liver cancer (National Library of
Medicine, 2011). The most common causes of viral hepatitis are the five hepatotropic
viruses, hepatitis A, hepatitis B, hepatitis C, hepatitis D, and hepatitis E. The global
burden of viral hepatitis infection is high, with about 2 billion people exposed and 350
million individuals with chronic infection are at risk for developing liver

disease (WHO, 2008). Hepatitis B viral (HBV) infection is estimated to cause 600,000
deaths each year, and about 25% of chronically infected adults later die from cirrhosis
or liver cancer (WHO, 2008). Hepatitis B viral infection is estimated to cause 30%
cirrhosis and 53% hepatocarcinoma (Perz, 2006). About 170 million people worldwide
are chronically infected with hepatitis C viral (HCV) (IARC, 1994). Chronic infection
of HBV and HCV is endemic in many developing countries of Sub-Saharan Africa,
affecting over 20% of the population (Henry et al., 2002; McMahon, 2005). In Ghana
prevalence of hepatitis B and hepatitis C viral infection have been reported as 10.53%

and 5.63% respectively (Nkrumah et al., 2011).
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Hepatocellular carcinoma (HCC) is the fifth most common cancer and a major public
health problem in the world (Parkin et al., 2005). In Ghana hepatocarcinoma mortality
accounts for 21.15% of all cancer related deaths in adults (Wiredu and Armah, 2006).
Hepatocarcinoma as a result of chronic aflatoxin exposure has been documented in
persons with chronic HBV infection (Wild and Gong, 2010). It remains unclear whether
aflatoxin exposure is an associated risk factor for advanced liver disease including liver
cirrhosis in patients with chronic HCV infection (Chen et al., 1996; Sun et al., 2002).

The risk of liver cancer in individuals exposed to chronic HBV infection and aflatoxin
IS greater than the risk in individuals exposed to aflatoxin only (Groopman et al., 2008).
Studies have also shown that HBV positive persons have greater risk of aflatoxin
exposure and that hepatitis B virus reduces the ability of the liver to detoxify aflatoxin
in individuals (Allen et al., 1992). These two hepatocarcinoma (HCC) risk factors

(aflatoxin and HBV) are prevalent in poor countries worldwide (Plymoth et al., 2009).

1.2 Problem Statement

Persons with viral hepatitis infection and exposure to aflatoxin stand the risk of
developing liver diseases. Studies show that, the risk of aflatoxin to humans is usually
the result of chronic dietary exposure which may be compounded by viral hepatitis
infection (Wild et al., 1992). Aflatoxin has synergistic effect on hepatitis B virus-
induced liver cancer (Kirk et al., 2006; Kuang et al., 2005). Approximately 250,000
deaths are caused by hepatocellular carcinomas in China and Sub-Saharan Africa
annually and these are attributed to factors such as aflatoxin intake and incidence of

viral hepatitis infection (Wild et al., 1992). Similar problem may exist in Ghana since
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large number of the population may take food contaminated with aflatoxin. However
information relating to aflatoxin exposure and liver cancer is readily not available.
Hepatocarcinoma mortality accounts for 21.15% of all cancer related deaths in Ghana
(Wiredu and Armah, 2006). A study by Wild et al., (1992) shows significant positive
correlation between aflatoxin-albumin adduct and alanine aminotransferase (ALT).
Anamika et al., (2013) also reported increased serum aspartate aminotransferase (AST)

in mice induced with aflatoxin.

1.3 Justification

Studies in South-East Asia, Shanghai and Taiwan, have demonstrated an interaction
between viral hepatitis infection and aflatoxins in determining the risk of developing
liver diseases. The studies used liver damage markers and aflatoxin M1 to classify
individuals for exposure status of aflatoxin. The study showed significant association
with chronic infection in relation to hepatocarcinoma risk (Qian et al., 1994; Wang,
1996).

Aflatoxin exposure has been demonstrated in persons living in Ejura-Sekyedumase
district in the Ashanti region of Ghana (Jolly et al., 2006; Kumi et al., 2014). The
findings of the study indicated the need for specifically targeted post-harvest food
handling and preparation interventions designed to reduce aflatoxin exposure (Jolly et
al., 2006). Previous work in the district showed high exposure rates of aflatoxins with
people testing positive for the aflatoxin-albumin adduct and aflatoxin M1 (Wang et al.,
2008). However, data on human aflatoxin exposure and the incidence of viral hepatitis

is readily not available in Ghana. Knowledge of the local epidemiology of aflatoxin and

4



viral hepatitis infection and their relation to the effect on liver damage markers are
essential for predicting epidemics and planning for preventive measures. This will help
to reduce level of the development of liver diseases. The need to initiate the estimation
of aflatoxin and viral hepatitis exposure in a chronic aflatoxin exposed environment will
provide a baseline data. This is essential requisite information needed in national
planning and implementation of future strategies to reduce the incidence of liver
diseases. The study therefore seeks to provide information on the incidence of aflatoxin

and viral hepatitis exposure and its effect on liver damage markers.

1.4 Hypothesis

People with viral hepatitis infection have high levels of aflatoxin.

15 Aim
To measure the level of exposure of aflatoxin and liver damage markers in adults with

viral hepatitis infection in Ejura-Sekyedumase district.

1.6 Specific Objectives

These were:

1. To determine urinary aflatoxin M1 concentrations in adults with viral hepatitis.
2. To determine the presence of hepatitis B surface antigen and their viral profile.
3. To determine the presence of hepatitis C viral antibodies.

4. To ascertain whether an association exist between urinary aflatoxin M1 and liver

damage markers.



CHAPTER TWO

2.0 LITERATURE REVIEW

2.1  Aflatoxins

The name aflatoxin was derived from a toxin producing fungus which caused a disease
referred to as “Turkey X disease” in England in 1960 which resulted in the death of
100,000 young turkeys (Asao, 1963). The fungus was identified as Aspergillus flavus in
1961 and the toxin was named aflatoxin due to its origin (A. flavis-Afla). The
Environmental Health Service on Line (EHSO) indicated further that, Aspergillus flavus
is common and widespread in nature. The mould is found in the soil, decaying

vegetation and grains undergoing microbial deterioration.

H O OCHj,

Figure 1. Basic Structure of Aflatoxin
(William et al., 2004)

Chemically, aflatoxins are difurocoumarolactones (difurocoumarin derivatives). Their
structure consists of a bifuran ring fused to a coumarin nucleus with a pentenone ring in

B and M aflatoxins (figure 1).



2.1.1 The Genus Aspergillus

The genus Aspergillus belongs to the class deuteromycetes, phylum ascomycota in
which a true sexual state is uncommon or unknown. Many of these fungi reproduce
asexually by spores (conidia or oidia) or by budding. Their teleomorphs (life cycle) can
be found in the ascomycetes. The fungi find many commaodities as good substrate for
growth, because of the large number of enzymes which they can use for their
development (Hell, 1997). Pelczar and colleagues (1993) indicated that, the ascomycete
produce sexual spores (ascospores) endogenously in a well-differentiated ascocarp
(fruiting body) of an ascomycete fungus. Aflatoxins are products of many strains of A.

parasiticus and A. flavus.

2.1.2 Chemical Nature of Aflatoxins

Aflatoxins are secondary metabolites, difuranocoumarin derivatives produced by a
polyketide pathway. They are produced by species of Aspergilli, specifically A. flavus
and A. parasiticus. The latter is a common contaminant in agriculture (Cullen &
Newberne, 1993; Eaton et al., 1993; Bennett & Klich, 2003). These molds are
ubiquitous in nature and grow on a variety of substrates, for example, dead organic
matter, wood, clothes thereby producing aflatoxins. Aflatoxins are of great concern due
to their biochemical and biological effects on living organisms (Ellis et al., 1991;
Cullen & Newberne, 1993; Eaton et al., 1993; Shapira et al., 1996). Aflatoxins are a
group of closely related compounds with small differences in chemical composition.

Based on their fluorescence under UV light (blue or green) and relative



chromatographic mobility during thin-layer chromatography. The four major aflatoxins
are aflatoxin B1 (AFB,), aflatoxin B2 (AFB,), aflatoxin G1 (AFG;), and aflatoxin

G2 (AFG,) (Ellis et al., 1991, Shapira et al., 1996).

2.1.3 Properties of Aflatoxins

Aflatoxin B1, B2, G1 and G2 were originally isolated by groups of investigators in
England (Nesbitt et al., 1962; Sargeant et al., 1961). The fluorescence emission
maximum for B1 and B2 has been reported to be 425 nm and that for G1 and G2 as

450 nm (Hell, 1997). The intensity of light emission, however, varies greatly among the
four compounds, a property of significance in the estimation of concentrations of the
compounds by fluorescence techniques. Some physical properties of the compounds are

summarized in table 1.

Table 1 Properties of Aflatoxin

Chemical Molecular Melting Fluorescence

Formula Weight Point (°C)
AFB;

C16H1206 312 268-269* 425 nm
AFB;

C17H1406 314 286-289* 425 nm
AFG;

C17H1204 328 244-246* 450 nm
AFG,

C17H1407 330 237-240* 450 nm

*Decomposes



2.1.4 Conditions for Aflatoxin Growth

Production of aflatoxins is related to the highly variable relative humidity of the area,
which influences moisture content of grains. Average relative humidity can be used to
predict aflatoxin production (Dabbert and Oberheu, 2001; Williams et al., 2004). The
toxins are produced as secondary metabolites by A. flavus and A. parasiticus fungi
when the temperature is between 24°C and 35°C, humidity (<18%) and moisture content
of > 7% (L'vova et al., 1984; Williams et al., 2004). Williams et al., (2004) concluded
that, at latitudes between 40°N and 40°S of the equator in developing countries,
contamination of stored, inadequately dried produce is responsible for fungal invasion
and often begins before harvest and can be promoted by production and harvest
conditions.

Aflatoxin is produced by fungal action during harvest, storage and food processing. It is
considered by the United States Food and Drug Administration (FDA) to be an
unavoidable contaminant of food such as maize (Plate 1), rice, cassava, nuts, chilies and

spices (Williams et al., 2004).

Plate 1. Maize infested with Aspergilus flavus Source: Kumar et al., (2000)
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2.2 Toxicology of Aflatoxin

Poisoning that result from ingesting aflatoxins is known as aflatoxicosis. Two forms of
aflatoxicosis have been identified: acute aflatoxicosis, which results in liver damage and
subsequent illness and death. The second is chronic aflatoxicosis which is due to
symptomatic exposure. A large number of studies have reported cases of aflatoxicosis
in farm animals as well as wild life species in laboratory condition (Dabbert and
Oberheu, 2001). After ingestion, the human gastrointestinal tract rapidly absorbs
aflatoxins contaminated food and the circulatory system transports the aflatoxins to the
liver. Aflatoxin is metabolized by cytochrome P450 group of enzymes in the liver,
where it is converted to many metabolic products like aflatoxicol, aflatoxin Q1,
aflatoxin P1, and aflatoxin M1, depending on the genetic predisposition of the species.
Aflatoxin M1 is a toxic metabolite of aflatoxin B1. It is produced in the liver of animals
and humans that have ingested aflatoxin contaminated commaodities, primarily cereal
grains. It is normally excreted in the urine and also secreted in milk or dairy product of
cattle and other lactating mammals. The occurrence of aflatoxin M1 is transitory in
nature, usually reaching a peak within 2 days after the ingestion of the contaminated
commodity and disappearing within 4-5 days after the withdrawal of the contaminated
source. Aflatoxin B1 is metabolized to a reactive aflatoxin-8, 9-epoxide. The amount of
this metabolite interferes with the species susceptibility, as this can induce mutations by
intercalating into DNA, by forming an adduct with guanine moiety in the DNA (Smela

et. al., 2001) (figure 2).
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DETOXIFICATION PRODUCTS
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PROTEIN BINDING DNA REACTIONS

Toxicity

Figure 2. Pathways and consequences for aflatoxin in animal metabolism

(Williams et al., 2004)

Acute toxicity is caused when large doses of aflatoxin are ingested. The principal target
organ for aflatoxins is the liver. After the invasion of aflatoxins into the liver, lipids
infiltrate hepatocytes and leads to necrosis or liver cell death (Robens and Richard,
1992; Mclean, 1995). This is mainly because aflatoxin metabolites react negatively with
different cell proteins, which leads to inhibition of carbohydrate, lipid metabolism and
protein synthesis. In correlation with decrease in liver function, there is a derangement
of the blood clotting mechanism, icterus (jaundice), and a decrease in essential serum

proteins synthesized by the liver. General signs of aflatoxicosis are edema of the lower
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extremities, abdominal pain, and vomiting. The most severe case of acute poisoning of
aflatoxin was reported in north-west India in 1974 where 25% of the exposed
population died after ingestion maize contaminated with aflatoxin (Robens and Richard,
1992; Mclean, 1995).

Chronic toxicity is due to long term exposure of moderate to low aflatoxin
concentration. The signs include decrease in growth rate and lowered milk or egg
production in farm animals. Thus, a report in farm and laboratory animals chronically
exposed to aflatoxins, interferes with protein metabolism and multiple micronutrients
that are critical to health (Williams et al., 2004). In addition, chronic exposure leads to a
high risk of developing cancers, as aflatoxin metabolite (epoxide) can intercalate into
DNA bases (Aguilar et. al., 1993). Moreover, food contaminated with aflatoxin may
damage the liver and acts to synergize the development of hepatocarcinoma when other

cancer causing agents such as hepatitis B virus are present (Wang et al., 1996).

2.3  Prevention and Control of Aflatoxicosis

To prevent aflatoxicosis it is necessary to explore public health interventions that
promote effective production, storage and processing of homegrown and commercial
grains. In addition, surveillance that monitors aflatoxin concentrations in food, use of
specific processing and decontamination procedures may prevent widespread outbreaks
of acute aflatoxicosis (Park, 2002). To ensure that foods consumed have the lowest
aflatoxin concentration; this can be achieved for humans largely by regulations that
require low concentrations of the toxin in exported food commodities (Williams et al.,

2004). Other approaches to preventing aflatoxicosis involve chemoprotection and
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enterosorption (Galvano et al., 2001). Chemoprotection is based on manipulating the
biochemical processing of aflatoxin to ensure detoxification rather than preventing
biological exposure. Enterosorption is based on the approach of adding a binding agent
to food to prevent the absorption of the toxin while the food is in the digestive tract; the
combined toxin-sorbent is then excreted in the feces. This approach has been used
extensively and with great success in the animal and human feeding industry (Rosa et
al., 2001; Mitchell et al., 2014).

A key enterosorption agent, hydrated sodium calcium aluminosilicate (HSCAS) has
been shown to effectively prevent aflatoxicosis in a number of laboratory and farm
animals. The basic mechanism for HSCAS involves sequestration of aflatoxin in the
gastrointestinal tract which results in elimination of aflatoxin in feaces (L'vova et al.,
1984; Phillips et al., 1990). Bankole and Adebanjo (2003) have proposed other
solutions to prevent aflatoxin production in Africa. These include education, drying,

storage and smoking.

2.3.1 Education

The problem posed to the health and economy by aflatoxin is not widely known among
the populace of most African countries. It is therefore necessary that the national agency
in each country responsible for food safety, should embrace the task of creating
awareness in the populace about the need to consume aflatoxin-free or good quality
food. Private non-governmental organizations could also help to spread information on

dangers of aflatoxin in both towns and villages. There should be regular education on
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radio and television on aflatoxin hazards and discussion on the issue should also feature

regularly in daily newspapers and magazines.

Extension staff of the Ministry of Food and Agriculture (MOFA) in Ghana for example,
could educate farmers or producers, on the need to adopt Good Agricultural Practices
(GAP) to produce food free of aflatoxin. Hazard Analysis Critical Control Point
(HACCP), a food safety control system based on a systematic identification and
assessment of hazards in food and the identification of their control have been shown to
be useful in food processing situations (Marriott, 1999). In an ideal HACCP-based
system aflatoxins would be minimized at every phase of food processing and

distribution.

2.3.2. Mechanical Drying

Among the recommendations for solving the aflatoxin problem, rapid drying of
agricultural products to low moisture content is often emphasized, because all effects
leading to aflatoxin contamination relate to non-maintenance of stored products at safe
moisture content. Drying harvested maize to 15.5% moisture content or lower within 24
to 48 hours will reduce the risk of fungus growth and consequent aflatoxin

production (Hamilton, 2000). Siriacha et al., (1989) found that, if shelled grain was
immediately sun-dried, contamination is reduced as compared with that of undried
shelled maize. In Africa, most farmers sun-dry their harvests which often require longer
durations for the product to attain moisture level of < 7% especially in times of cloudy

weather. The grains are spread out on polyethylene sheets spread on the floor, and then
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stirring or turning is done manually till the product is dry. Due to the high rainfall
amount at the time of harvest, farmers take some steps such as stacking the products to
shield it from rain, drying grains over the fire (Amyot, 1983; Begun, 1991).

The effectiveness of drying was demonstrated in the report of Awuah and Ellis (2002)
when groundnut kernels with 6.6% moisture were free of fungi regardless of the
storage. However at 12% moisture, jute bags with S. aromaticum effectively suppressed
the cross infection of healthy kernels. Since sun drying may be a difficult task due to the
high rainfall at the time of harvest, work has been done on the design of solar and
mechanical dryers for use by farmers in the tropics (Axtell and Bush, 1991). However,

these dryers are not in use by farmers because large capital investment is involved.

2.3.3 The Use of Improved Storage Structures

Traditional storage structures used by farmers on the farm storage, include containers
made of plant materials (wood, bamboo, thatch) or mud placed on raised platforms and
covered with thatch or metal roofing sheet (Public Partnership Program, 2006).
Essentially the storage structures are constructed to prevent insect and rodent attack and
to prevent moisture from getting into the grains. The adoption of high yielding varieties
which most often do not withstand long periods of storage by farmers has made the
traditional storage systems to become inadequate. However, it has been very difficult to
promote new storage systems such as the use of metal bins to small-scale farmers due to
their high cost. Research is needed to develop and refine suitable storage systems that

are not capital intensive.
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2.3.4. Smoking

Smoking is an efficient method of protecting maize against infestation by aflatoxin
producing fungi. About 4 to 12% of farmers in the various ecological zones in Nigeria
used smoke to preserve their grains, and this practice was found to lower aflatoxin
levels in farmers’ stores (Udoh et al., 2000). The efficiency of smoking to protect maize
from fungal infestation was also confirmed in the survey conducted in Benin (Hell et

al., 2000).

2.4 Aflatoxins in Stored Grains

A large number of researchers have demonstrated varying concentrations of different
aflatoxins in a variety of foods stored in different conditions including rice bran, corn,
maize and barley (Jayaraman and Kalyanasundaram, 1990; Wang et al., 1995;
Yoshizawa et al., 1996; Ali et al., 1998; Henry et al., 2002; Park, 2002). Jayaraman and
Kalyanasundaram (1990) found that, the frequency of incidence as well as
concentration AFB; increased with storage time in bran from untreated or raw rice and
parboiled rice. It was discovered that, the rate of increase as well as overall
concentration of AFB; were much higher in raw bran. Thus raw rice bran is unsuitable
for prolonged storage. Park (2002) and L'vova et al., (1984) demonstrated formation of
aflatoxin under the conditions of experimental storage of rice grain and reported that
AFB; and AFG; are accumulated in the rice grain with initial moisture of greater than
or equal t016%. Freitas and Brigido (1998) analysed peanuts and their products

marketed in the region of Campinas, Brazil for AFB;, AFB,, AFGy, and AFG; by thin-
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layer chromatography. The levels of AFB; reached the highest incidence compared with

all the other aflatoxins.

In stored maize in Benin, Bouraima et al., (1993) found aflatoxin levels of 14 parts per
billion (ppb) AFB; and 58 ppb for AFG;. However, Setamou et al., (1997) reported that
preharvest maize samples contaminated with aflatoxin was 42.5% and 30% in 1994 and
1995 respectively in the country. In addition, Hell et al. (2000) found that 9.9% to
32.2% of maize samples of different ecozones prepared for storage had aflatoxin levels
more than 5 ppb in Benin. These levels increased to 15% and 32.2% after six months of

storage.

In Nigeria, Udoh et al., (2000) reported 33% of maize samples from different ecological
zones were contaminated with aflatoxin. However, in Ghana, maize samples from silos
and warehouses contained aflatoxin levels in the range of 20 to 355 ppb; while
fermented maize dough collected from major processing sites contained aflatoxin levels

of 0.7 to 313 ppb (Kpodo, 1996).

Insects have also been reported as playing a role in the spread of A. flavus and increase
in aflatoxin contamination (Setamou et al., 1998). The percentage of grains infected
with A. flavus and samples contaminated with aflatoxin including the mean aflatoxin
content of samples increased correspondingly with increased insect damage in

preharvest maize in Benin (Setamou et al., 1998). Invariably, Hell et al., (2000) found

17



out that, maize free of insect damage had no aflatoxin contamination, but maize with

70% of the cobs damaged by insects had 30.3% contaminated with aflatoxin.

2.5  Viral Hepatitis

Viral hepatitis is an inflammation of the liver due to a viral infection (National Library
of Medicine, 2011). It may present in acute (recent infection, relatively rapid onset) or
chronic forms. The most common causes of viral hepatitis are the five unrelated
hepatotropic viruses ( Hepatitis A, Hepatitis B, Hepatitis C, Hepatitis D, and Hepatitis
E). Hepatitis A viral infection is caused by hepatitis A virus (HAV), a picornavirus
transmitted by the fecal-oral route often associated with ingestion of contaminated food.
It causes an acute form of hepatitis and does not have a chronic stage. The patient's
immune system makes antibodies against HAV that confer immunity against future
infection. Hepatitis A can be spread through consumption of raw sea food or drinking
contaminated water. The time between the infection and the start of the illness averages
28 days (CDC, 2008).

Hepatitis B is an infectious disease caused by hepatitis B virus (HBV), a hepadnavirus
that can cause both acute and chronic hepatitis. Chronic hepatitis develops in adults who
are unable to eliminate the virus after an initial infection (WHO, 2014). Patients with
chronic hepatitis B viral infection have antibodies against hepatitis B, but these
antibodies are not enough to clear the infection of the affected liver cells. ldentified
methods of transmission include blood transfusion, sexual intercourse or through
contact with blood or bodily fluids or via mother to child by breast feeding (WHO,

2014). Many people have no symptoms during the initial infection. Some develop a
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rapid onset of sickness with vomiting, yellow skin, feeling tired, dark urine and
abdominal pain. It may take 30 to 180 days for symptoms to begin (WHO, 2014). Most
of those with chronic disease have no symptoms; however, cirrhosis and liver cancer
may eventually develop (Chang, 2007) and this can result in death (WHO, 2014). A
vaccine is available that can prevent infection from hepatitis B for life.

Hepatitis C is caused by hepatitis C virus (HCV), an RNA virus, a member of the
Flaviviridae family. Hepatitis C virus can be transmitted through sexual contact and can
also cross the placenta. Hepatitis C usually leads to chronic hepatitis, culminating in
cirrhosis in some people. It usually remains asymptomatic for decades. Hepatitis C viral
levels can be reduced to undetectable levels by a combination of interferon and the
antiviral drug ribavirin (CDC, 2010).

The Hepatitis D virus (HDV) can only propagate in the presence of the hepatitis B
virus. On the other hand, hepatitis E virus (HEV) from the Hepeviridae family produces
symptoms similar to hepatitis A, although it can take a fulminant course in some
patients, particularly pregnant women; chronic infections may occur in immune-

compromised patients.

2.5.1 Hepatitis B Viral Infection

2.5.1.1 Acute Hepatitis B Infection

The physical signs of typical acute hepatitis B infection may include variable degrees of
jaundice, mild and slightly tender hepatomegaly and mild enlargement of spleen and
lymph nodes. During acute hepatitis B infection, manifestations range from subclinical

or anicteric hepatitis to icteric (jaundice) and, in some cases, fulminant hepatitis.
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Approximately 70% of patients with acute hepatitis B infection have subclinical or
anicteric hepatitis. The average incubation period is 75 days (range 40-140 days). The
onset of hepatitis B is typically insidious, with nonspecific symptoms of malaise, poor
appetite and nausea. During the icteric phase, fatigue and anorexia usually worsen.
Jaundice can last from a few days to several months, but usually 2—3 weeks. Itching and
pale stools may occur. The convalescent phase begins with the resolution of jaundice.
Laboratory testing during the acute phase of acute hepatitis B infection reveals elevated
alanine and aspartate aminotransferase levels (ALT and AST). Values up to 1000-2000
IU/I are seen during the acute phase with ALT higher than AST. Serum alkaline
phosphatase and lactic dehydrogenase are usually only mildly elevated. Bilirubin is
variably increased, in both direct and indirect fractions. Serum bilirubin concentrations
may be normal in patients with an icteric hepatitis. Serum albumin decreases especially
in protracted severe hepatitis. During acute infection, hepatitis B viral surface antigen
concentrations rise exponentially for weeks to months from undetectable to typical final
concentrations of 10,000-100,000 ng/ml with 2—4 days of doubling time (Whalley et al.,
2001). In acute hepatitis B, surface viral antigen decreases with an initial half-life of 8
days until it has disappeared completely from serum after weeks to months. In about
25% of cases of acute resolving hepatitis B, hepatitis B surface antigen disappears much
faster, so that samples taken in the late acute phase may be hepatitis B surface antigen

negative (Chulanov et al., 2000).
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2.5.1.2 Chronic Hepatitis B Infection

The natural course of chronic hepatitis B viral (HBV) infection consists of four phases.
The immune tolerance phase which is characterized by the presence of hepatitis B
envelope antigen (HBeAg), high hepatitis B viral (HBV) DNA levels, and persistently
normal ALT levels, but no evidence of active liver disease.

The immune clearance phase is characterized by the presence of HBeAg and
high/fluctuating HBV DNA and ALT levels. An outcome of the immune clearance
phase is HBeAg seroconversion. Most patients then enter the inactive HBV carrier
phase, which is characterized by the absence of HBeAg and the presence of anti-HBe,
low or undetectable HBV DNA levels (<2000 IU/mL), normal ALT levels, and
no/minimal inflammation on liver biopsy. The reactivation phase is characterized by the
absence of HBeAg, intermittent/persistently increased ALT and HBV DNA levels, and
inflammation on liver biopsy (figure 3). In persons who develop chronic hepatitis B
infection, hepatitis B surface antigen is initially positive, accompanied by high levels of
hepatitis B viral (HBV) DNA and may remain so for a few years to several decades

(Lok et al., 1994; Changet al., 1995).
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Fig. 3. Algorithm of natural history of chronic hepatitis B virus infection.

2.5.1.2.1 The Immune Tolerant Phase

Hepatitis B viral infected persons in the immune tolerant phase are HBeAg positive,

have normal or low levels of aminotransferase (ALT and AST) up to 40 U/L levels, and

elevated levels of hepatitis B viral DNA that are 20,000 IU/mL and commonly well

above 1million IU/mL. The immune tolerant phase is thought to occur most frequently

in persons who are infected via perinatal transmission from HBeAg positive

mothers (Livingston et al., 2007). The immune tolerant phase is more frequent and

more prolonged in subjects infected perinatally or in the first years of life. Because of
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high concentration of hepatitis B viral copies, is highly contagious. Hepatitis B
envelope antigen may act as an immune tolerant protein that aids the virus in avoiding
detection by the immune system. In immune competent persons, hepatitis B virus is not
cytopathic and hepatocellular damage is induced by the host immune system’s efforts to
eliminate hepatitis B virus. The immune tolerant phase can last for a few years to more
than 30 years (Hui et al., 2007). During this phase, there is either no or minimal liver
inflammation or fibrosis. However, because the hepatitis B viral polymerase gene has
reverse transcriptase properties, hepatitis B virus integrates randomly into the host’s

hepatocyte.

2.5.1.2.2 The Immune Active Phase

The immune active phase, also sometimes referred to as the “chronic hepatitis B phase”
or the “immune clearance phase”, is characterized by elevated levels of
aminotransferases (ALT and AST) and an elevated hepatitis B viral DNA level above
2000 1U/ml. Active liver inflammation is usually present with or without liver fibrosis.
Patients may be either hepatitis HBeAg positive or HBeAg negative (McMahon, 2005).
Persons infected after birth who develop chronic hepatitis B viral infection may advance
to the immune active phase shortly after the time of infection; whereas those infected
via the perinatal route may transition into this phase several years after experiencing the
immune tolerant phase of HBV. In this phase, the host’s immune system recognizes
HBV as being foreign and initiates an immune response that results in hepatocyte

damage. In persons who are HBeAg-positive, HBV DNA levels may progressively fall,
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eventually result in seroconversion from HBeAg to hepatitis B envelope antibodies (anti

HBe) (Lok et al., 1987; Liaw et al., 1983).

2.5.1.2.3 Inactive Hepatitis B Phase.
The inactive hepatitis B phase is characterized by the absence of HBeAg and the presence of
anti-HBe, normal aminotransferase levels, HBV DNA<2000 IU/mL, and improvement in

liver fibrosis and inflammation over time. Prospective studies conducted for up to 10 years of
persons in the inactive hepatitis B phase have shown that in most of them, HBeAg remains
negative, ALT levels remain normal, and HBV DNA levels remain <2000 IU/mL or even
negative (de Franchis et al., 1993; Zacharakis et al., 2005). Moreover, liver fibrosis is
either absent or minimal in degree and shows no evidence of progression over time in those who

remain in the inactive hepatitis B phase (Martinot-Peignoux et al., 2002 ; Zacharakis et al.,
2005). However, a few clinic-based cross-sectional studies have demonstrated that
minority of persons in the inactive HBV phase have had moderate or occasionally even

severe fibrosis present on liver biopsy (Kumar et al., 2008).

2.5.1.2.4 The Reactivation Phase

In the reactivation chronic hepatitis B infection phase, patients are negative for HBeAg.
Alanine aminotransferase (ALT) levels are normal and no or low levels of hepatitis B
viral (HBV) DNA followed by acute episodes of marked ALT elevations and detection
of hepatitis B viral (HBV) DNA (Hadziyannis , 2007). Hepatitis B virus can present in a
fashion resembling acute infection (Davis and Hoofnagle, 1985; De Cock et al., 1986)

and appears to have a high likelihood of resulting in cirrhosis (Fattovich et al., 1990;
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Hadziyannis, 2007). Spontaneous reactivation of chronic hepatitis B is often
misdiagnosed (Paredes and Lewis, 2007) but this pattern of disease activity has been
found to be quite responsive to antiviral therapy with nucleoside analogs which block
the episodic flares of disease (Hadziyannis, 2007). Most instances of reactivation
resolve spontaneously, but if immune suppression is continued, re-establishment of
chronic hepatitis occurs which can lead to progressive liver injury and cirrhosis

(Hadziyannis, 2007).

2.52. Markers of Viral Hepatitis B Infection

Hepatitis B surface antigen (HBsSAQ) is the earliest sign of an active hepatitis B
infection. This antigen may be present before symptoms of HBV infection. If this
antigen is present for more than 6 months, then a person will probably have a chronic
(long-term) HBV infection. This means one can spread HBV to others throughout

life (Hollinger and Liang, 2001).

Hepatitis B surface antibody (HBsAb) usually appears about 4 weeks after HBsAg
disappears. The presence of this antibody means that the infection is at the end of its
active stage and cannot pass the virus to others. This antibody also protects one from
getting HBV again in the future. The test is done to determine the need for vaccination.
The antibody will be present after receiving the HBV vaccine series, which gives
protection (immunity) from the virus infection. Occasionally the test may show both

HBsADb and HBsAg (Hollinger and Liang, 2001).
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Hepatitis B envelope antigen (HBeAg) is an HBV protein that is only present during
an active HBV infection. This test determines how contagious the disease is to others.
Testing for this antigen can also be used to monitor the effectiveness of treatment for

HBV (Hollinger and Liang, 2001).

Hepatitis B envelope antibody (HBeAb) shows that the active stage of an acute HBV
infection is almost over and the risk of disease being contagious is

reduced (Hollinger and Liang, 2001).

Hepatitis B viral (HBV) DNA testing checks DNA from the hepatitis B virus. The
HBV DNA tests measure how much genetic material is present. High levels of HBV
DNA means that the virus is multiplying in the body and it can be very contagious. In
chronic HBV infection, an elevated viral DNA level means there is an increased risk for
liver damage. Testing for hepatitis B viral (HBV) DNA is used to check the
effectiveness of treatment for long-term (chronic) HBV infection (Hollinger and Liang,

2001).

Hepatitis B core antibody (HBcAD) is an antibody to the hepatitis B core antigen that
appears about 1 month after the start of an active HBV infection. It can be found in
people who had an infection in the past and in those with long-term (chronic) HBV

infection. It is usually present for life (Hollinger and Liang, 2001).
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2.5.3 Hepatitis C Viral Infection

2.5.3.1 Acute Hepatitis C Infection

Hepatitis C infection causes acute symptoms in 15% of cases (Maheshwari et al., 2008).
Symptoms are generally mild and vague, including a decreased appetite, fatigue,
nausea, muscle or joint pains and weight loss (Wilkins et al., 2010). Rarely does acute
liver failure result (Bailey, 2010). Most cases of acute infections are not associated with

jaundice (Springer, 2011).

2.5.3.2 Chronic Hepatitis C Infection

Chronic hepatitis C infection is defined as the presence of detectable viral replication
for at least six months (Springer, 2011). Chronic hepatitis C can be associated with
fatigue (Ray et al., 2009) and mild cognitive problems (Forton et al., 2005). Chronic
infection after several years may cause cirrhosis or liver cancer (Rosen, 2011). About
80% of persons exposed to the virus develop a chronic infection (Nelson et al., 2011).
The liver marker enzymes are normal in about 53% HCV cases (Nicot et al., 2011).
Late relapses after apparent cure have been reported, but these can be difficult to
distinguish from re infection (Nicot et al., 2011).

Fatty changes to the liver occur in about half of those infected and are usually present
before cirrhosis develops (El-Zayadi, 2008; Paradis and Bedossa, 2008). Usually (80%
of the time) this change affects less than a third of the liver mass (El-Zayadi, 2008).
Worldwide, hepatitis C viral infection is the cause of 27% of cirrhosis cases and 25% of
hepatocellular carcinoma (Alter, 2007). About 10-30% of those infected develop
cirrhosis over 30 years (Rosen, 2011; Wilkins et al., 2010). Cirrhosis is more common
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in persons also infected with hepatitis B, schistosoma, HIV and in alcoholics (Wilkins et
al., 2010). In people with hepatitis C infection, excess alcohol increases the risk of
developing cirrhosis hundred-fold (Mueller et al., 2009). Those who develop cirrhosis
have a twenty-fold greater risk of hepatocellular carcinoma (Mueller et al., 2009). Liver
cirrhosis may lead to portal hypertension, ascites (accumulation of fluid in the
abdomen), easy bruising or bleeding, varices (enlarged veins, especially in the stomach
and esophagus), jaundice, and a syndrome of cognitive impairment known as hepatic
encephalopathy (disorder of mental activity, neuromuscular function and
consciousness) (Ozaras and Tahan, 2009). Ascites occurs at some stage in more than

half of those who have chronic infection (Zaltron et al., 2012).

2.6  Liver Damage Markers

Liver damage markers are groups of blood markers that give information about the state
of a patient's liver (Lee and Mary, 2009). These markers include prothrombin time,
albumin, bilirubin, liver transaminases (aspartate aminotransferase and alanine
aminotransferase). The others are alkaline phosphatase (ALP) and Gamma glutamyl
transpeptidase (GGT). These are useful markers of liver injury in a patient with some
degree of intact liver function (Johnston, 1999; McClatchey and Kenneth, 2002). Most
liver diseases cause only mild symptoms initially. Hepatic (liver) involvement in some
diseases can be of crucial importance. This testing is performed on a patient's blood
sample. Some tests are associated with functionality (e.g., albumin), some with cellular

integrity (e.g., transaminase), and some with conditions linked to the biliary tract
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(gamma-glutamyl transferase and alkaline phosphatase). Several biochemical tests are
useful in the evaluation and management of patients with hepatic dysfunction. These
tests can be used to detect the presence of liver disease, distinguish among different
types of liver disorders, gauge the extent of known liver damage, and follow the
response to treatment. Some or all of these measurements are also carried out (usually
about twice a year for routine cases) on those individuals taking certain medications,

such as anticonvulsants, to ensure the medications are not damaging the person's liver.

2.6.1 Albumin

Albumin is a protein made specifically by the liver. It is the main constituent of total
protein (the remaining from globulins). Albumin levels are decreased in chronic liver
disease, such as cirrhosis. It is also decreased in nephrotic syndrome, where it is lost
through the urine. The consequence of low albumin can be edema since the
intravascular oncotic pressure becomes lower than the hydrostatic pressure. An
alternative to albumin measurement is prealbumin, which is better at detecting acute
changes (half-life of aloumin and prealbumin is about 2 weeks and 2 days, respectively)

in the synthetic function of the liver.

2.6.2 Alanine Aminotransferase
Alanine aminotransferase (ALT) is an enzyme produced by the liver cells in the highest
amounts. Low levels of ALT are normally found in the blood. Alanine aminotransferase

is located in the hepatocytes. Injury to the liver results in the release of the enzyme into
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the blood which causes ALT levels to increase in the blood. The alanine

aminotransferase (ALT) test is used to evaluate liver function.

2.6.3 Aspartate Aminotransferase

Aspartate aminotransferase is similar to alanine aminotransferase (ALT) in that it is
another enzyme associated with liver parenchymal cells. It is raised in acute liver
damage, but is also present in red blood cells, cardiac and skeletal muscle, so is not
specific to the liver. The ratio of AST to ALT is sometimes useful in differentiating
between causes of liver damage (Nyblom, 2006). Elevated AST levels are not specific

for liver damage, and AST has also been used as a cardiac marker (Nyblom, 2006).

2.6.4 Total Bilirubin

Measurement of total bilirubin includes both unconjugated and conjugated bilirubin.
Unconjugated bilirubin is a breakdown product of heme (a part of hemoglobin in red
blood cells). Heme can also come from myoglobin, found mostly in muscle,
cytochromes, found mostly in mitochondria, catalase, peroxidase, and nitric oxide
synthase. Bilirubin is very hydrophobic and mainly transported bound to albumin
circulating in the blood. In addition high-concentration hydrophobic drugs (certain
antibiotics, diuretics) and high free fatty acids can cause elevated unconjugated
bilirubin. The liver is responsible for clearing the blood of unconjugated bilirubin, and
about 30% of it is taken up by a normal liver on each pass of the blood through the liver
by the following mechanism: Bilirubin is taken up into hepatocytes, ‘conjugated’
(modified to make it water-soluble) by UDP-glucuronyl-transferase, and secreted into

the bile by canalicular multispecific organic anion transporter (CMOAT), which is
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excreted into the intestine. In the intestine, conjugated bilirubin may be metabolized by
colonic bacteria, eliminated, or reabsorbed. Metabolism of bilirubin into urobilinogen
followed by reabsorption of urobilinogen accounts for the yellow color of urine, as
urine contains a downstream product of urobilinogen. Further metabolism of
urobilinogen into stercobilin while in the bowels accounts for the brown color of stool.
Thus, having white or clay-colored stool is an indicator for a blockage in bilirubin

processing and thus potential liver dysfunction or cholestasis.

2.6.5 Gamma-Glutamyl Transferase

Gamma-glutamyl transferase (GGT) is an enzyme that transfers gamma-glutamyl
functional groups. It is found in many tissues, the most notable one being the liver, and
has significance in medicine as a diagnostic marker. Gamma-glutamyl transferase is
present in the cell membranes of many tissues, including the kidneys, bile duct,
pancreas, gallbladder, spleen, heart, brain, and seminal vesicles (Goldberg, 1980). It is
involved in the transfer of amino acids across the cellular membrane (Meister, 1974)
and leukotriene metabolism (Raulf et al., 1985).

Gamma-glutamyl transferase is predominantly used as a diagnostic marker for liver
disease in medicine; latent elevations in GGT are typically seen in patients with chronic
viral hepatitis infections often taking 12 months or more (Lim et al., 2007). Gamma-
glutamyl transferase is elevated by large quantities of alcohol ingestion. However,
determination of high levels of total serum GGT activity is not specific to alcohol
intoxication (Lamy et al., 1974) and the measurement of selected forms of the enzyme

offer more specific information (Franzini et al,. 2006). The mechanism for this
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elevation is unclear. Alcohol consumption increases GGT production by inducing
hepatic microsomal production, or causes the leakage of GGT from hepatocytes
(Barouki et al., 1983). Numerous drugs can raise GGT levels, including barbiturates and
phenytoin (Rosalki et al., 1971). Elevated levels of GGT can also be due to congestive

heart failure (Ruttmann et al., 2005).

2.7 Aflatoxin and Viral Hepatitis Infection

Hepatitis B virus has double stranded DNA. The virus primarily interferes with the
functions of the liver by replicating in the hepatocytes. The virus binds to the host cell
and are subsequently internalized by endocytosis (Coffin et al., 2011). Liver damage is
initiated and mediated by the Cytotoxic T Lymphocyte (CTLs); platelets activated at the
site of infection may facilitate the accumulation of CTLs in the liver (lannacone et al.,
2005). Hepatitis B viral infection is estimated to be the cause of 30% of cirrhosis and
53% of hepatocellular carcinoma (HCC) worldwide (Perz, 2006).

Hepatitis virus (C) virus replicates mainly in the hepatocytes where it is estimated that
each infected cell produces approximately fifty virions per day (Bartenschlager and
Lohmann, 2000). Once inside the hepatocyte the virus takes over portions of the
intracellular machinery to replicate (Lindenbach and Rice, 2005).

The risk of liver cancer in individuals exposed to chronic viral hepatitis B virus
infection and aflatoxin is greater than the risk in individuals exposed to aflatoxin alone
(Groopman et al., 2008; Liu and Wu, 2010). These two hepatocarcinoma risk factors
(aflatoxin and hepatitis B virus) are prevalent in developing countries worldwide

(Groopman et al., 2008). Aflatoxin also appears to have a synergistic effect on hepatitis
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C virus-induced liver cancer, although the quantitative relationship is not as well
established as that for aflatoxin and hepatitis B virus in inducing hepatocarcinoma (Liu
and Wu, 2010; Kirk et al., 2006; Wild and Montesano, 2009). Aflatoxins have been
found to cause an increase in liver damage markers, serum alanine aminotransferase
(ALT) and serum aspartate aminotransferase (AST) in a study involving mice induced
with aflatoxin B1 (Anamika et al., 2013). In another study involving children in
Gambia, blood samples were analyzed for aflatoxin-aloumin (AF-alb) with serum
alanine aminotransferase (ALT) as markers of liver damage. The study found a
significant positive correlation between blood aflatoxin-alboumin and serum alanine
aminotrasferase (Wild et al., 1993). In China, 10% of all adult deaths were due to liver
cancer (Wang et al.,, 1996). To minimize the risk of liver cancer, it is critically

important that exposure of HBV- and HCV-infected persons to aflatoxin is minimized.

2.7.1 Epidemiology of Aflatoxins and Hepatocarcinoma

Epidemiological studies in the 1970s and 1980s in sub-Saharan Africa and south-east
Asia reported correlations between aflatoxin levels in food crops and hepatocarcinoma
rates (IARC, 1993). However, majority of this early work did not take account of HBV
infection and aflatoxin exposure (IARC, 1993). In the1990s significant advances were
made in understanding the role of aflatoxins as a risk factor for hepatocarcinoma,
particularly in relation to joint effects with chronic HBV infection. Progress came from
two principal sources: Prospective cohort studies and analyses of the molecular
pathology of hepatocarcinoma (HCC) specimens, both of which involved aflatoxin

biomarkers. Two key cohort studies in Asia and a large case-control study in Africa
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employed biomarkers (urinary aflatoxin) metabolites and blood aflatoxin—-albumin
adducts to improve individual aflatoxin assessment. The study showed significant
interactions with chronic hepatitis B viral (HBV) infection in relation to HCC risk (Qian
et al., 1994). Both studies in Asia, Shanghai (Qian et al., 1994; Wang et al., 1996; Ross
et al., 1992) reported a more than multiplicative interaction between the two risk factors
(aflatoxin and hepatitis B viral infection). In a follow-up of the Taiwan cohort, Sun and
Co-workers (2001) showed that in hepatitis B surface antigen (HBsAQ) carriers, those
with detectable aflatoxin—albumin adduct were more likely to develop hepatocarcinoma.
In similar studies restricted to individuals chronically infected with hepatitis B virus
revealed increased hepatocarcinoma risk in persons also positive for aflatoxin bio-

markers (Yu et al., 1997; Chen et al., 1997).

In a case-control studies by Omer et al., (2004) conducted in Sudan, reported peanut
consumption (as a surrogate for aflatoxin exposure) was associated with HCC and
showed a more than additive interaction with hepatitis B virus.

In comparison to the study of aflatoxins and interaction with HBV there has been little
focus on the potential for interaction with hepatitis C viral (HCV) infection (Sun et al.,
2002; Chen et al., 2007). A study in Taiwan suggested that aflatoxin—albumin adducts
were associated with advanced liver disease in individuals infected with HCV (Chen et

al., 2007).
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2.7.2 Potential Mechanisms of Interaction of Aflatoxin and Viral Hepatitis

Sero-epidemiological studies have clearly shown that in the natural history of hepatitis
B wviral infection, two factors are of importance in determining the risk of
hepatocarcinoma. These are the age at primary infection and the presence of hepatitis B
envelope antigen (HBeAg) or hepatitis B viral DNA, biomarkers of active viral
replication, in patients with chronic active hepatitis (Yang et al., 2002). These
observations are important when exploring potential mechanisms of interaction with
aflatoxins. The development of hepatocarcinoma results from the accumulation of
various genetic changes at different stages of liver carcinogenesis (Lee and
Thorgeirsson, 2006). Chronic liver injury and regenerative hyperplasia, resulting from
hepatitis B viral infection, are critical to the development of liver cancer (Hussain et al.,
2007; Dunsford et al., 1990). It is possible that aflatoxin-induced DNA adducts are
fixed as mutations due to the HBV related increase in cell proliferation and hyperplasia,
thus promoting the clonal expansion of mutant cells (Wu et al., 2007). Hepatitis B virus
may also alter the hepatic expression of aflatoxin metabolising enzymes and
consequently the extent to which aflatoxins bind to DNA. Studies in HBV transgenic
mice revealed an induction of specific cytochrome P450s (CYP) in association with
liver injury induced by overexpression of hepatitis B surface antigen (Chemin et al.,
1996; Kirby et al., 1994). The effects of liver injury are not limited to cytochrome P450
enzymes. An increase in glutathione S-transferase Pi (GST-pi has significance in the
diagnosis of cancers as it is expressed abundantly in tumor cells) was also observed in
the HBV transgenic mice (Chemin et al., 1999). In human liver, GST activity was lower

in the presence of HBV DNA (Zhou et al., 1997) suggesting viral infection may
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compromise the ability of hepatocytes to detoxify chemical carcinogens. Overall, the

effects of HBV infection on aflatoxin metabolism are likely to be complex.
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CHAPTER THREE
3.0 MATERIALS AND METHODS

3.1  Study Area

Ejura-Sekyedumase district in the Ashanti Region is located in the middle belt of
Ghana. The climatic conditions are those of savanna transition agro-ecological zone.
The mean annual rainfall is 1400 mm which is received in two peak season but

sometimes in a unimodal pattern (Dedzo, 1998). Temperatures are uniformly high with

the mean annual maximum value of about 32°C and the minimum approximately 20°C.
The relative humidity values are high during the rainy season with the mean monthly
values ranging between 80-88% in the morning and decreasing to 70-75% by mid day.
During the dry season the humidity value drops to approximately 75% in the morning

and 45% by mid day (Dedzo, 1998).

3.2 Minimum Sample Size Calculation

U\/ﬂl(l—ﬁl)-i-ﬂ'z(l—ﬂ'z) +V\/(7Z'1+7T2{1 5

(7[1 _”2)2

N =

Where:

7, = Proportions of cases exposed
7T, = Proportion of controls exposed

M = Sample proportions of cases
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V = Sample proportion for controls

N = Sample size per group

The sample size was determined at the 95% confidence level and power of 90%, with
case control ratio of 1:1 and exposure of risk viral hepatitis among cases to be 18%. A
minimum sample size per group = 55. For this study, a total of 55 cases and 55 controls

were recruited.

3.3 Inclusion and Exclusion Criteria

Inclusion Criteria
e Adults of 18yrs and above.

e Informed consent signed.

Exclusion Criteria
e Children below 18yrs
e Pregnant Women

e Lactating Mothers

3.4  Ethical Consideration
Ethical approval was given by the Ethical and Protocol Review Committee of the
College of Health Sciences, University of Ghana, Legon with protocol identification

number: MS-Et/M.7-P 3.6/2014-2015. All data were handled confidentially.

3.5 Consent Form
Informed written consent was obtained from all participants in accordance with the

human experimental guidelines of the University of Ghana. Confidentiality was
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observed throughout the research process and the data made accessible only to the

research team.

3.6  Sampling Methods

The study employed the modified World Health Organization (WHO) cluster sampling
method to select eligible subjects. The Ejura-Sekyedumase district community was
segmented into four clusters (communities) by natural/geographical boundaries. A
cluster was chosen by a simple random sampling technique and all eligible subjects
within households who consented were included. Homes in the community have
standard house numbering systems, and a household within a home was numbered
serially. If more than one household exist within a home, then the first household
interviewed was designated as house number/001, the second household interviewed
was designated as house number/002 and serially if there are more eligible households
within the same house. All households within a selected cluster were eligible for
inclusion. One adult member of each household within a home was interviewed, and
this continued until the number of subjects to be screened i.e. 500 was obtained. A

hundred and twenty five subjects were selected from each community.

3.6.1 Sample Selection

A total of five hundred (500) subjects including three hundred and twenty males (320)
and one hundred and eighty females (180) who consented were screened for viral
hepatitis B surface antigen and hepatitis C viral antibodies based on the prevalence rate

of more than 10% of hepatitis B infection and 25% prevalence rate of hepatitis C
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infection in the Ejura-Sekyedumase district (Ejura-Sekyedumase District Hospital
Annual Report, 2014). Forty three (43) subjects (33 males and 10 females) who tested
positive for viral hepatitis B surface antigen were selected as group A with age range
from 18-47years. Based on the initial findings of 43 subjects who tested positive for
hepatitis B surface antigen, forty three (43) subjects (30 males and 13 females) who
showed negative to the test were selected as control group (group B) with age range 18-
47 years to match. Twelve subjects (7 males and 5 females) who tested positive for
hepatitis C viral antibodies were also selected as group C with age range 18-47 years.
Based on the initial findings, twelve subjects (7 males and 5 females) who tested
negative for hepatitis C antibodies were selected as control group (group D) with age

range 18-47 years to match.

3.7 Study Design
The study was a community based case-control study involving 55 cases (HBV and
HCV) and 55 controls from the Ejura-Sekyeduamse district in the Ashanti Region of

Ghana.

3.8 Materials

Vicam AflaTest kits were used according to the Association of Official Analytical
Chemists” method (AOAC) for aflatoxin in AOAC official method 993.31, V1 series 4.
Sodium chloride (NaCl) and methanol (HPLC) grade were purchased from Sigma-

Aldrich Chemical Co. (St. Louis, MO). AflaTest columns were purchased from VICAM
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(Watertown, MA, USA). All other chemicals and reagents used were of highest purity

available and commercially purchased.

3.8.1 Specimen Collection and Processing

3.8.1.1 Urine Collection

Spot urine samples were successfully obtained from 110 adults with a sterile specimen
cup at the Ejura-Sekyedumase district hospital laboratory. The urine samples were
frozen and transported to Noguchi Memorial Institute for Medical Research (NMIMR),
University of Ghana, Legon, in a leak free cool box. They urine were kept frozen at -
20°C until analysis of afatoxin M; (AFM;) levels at NMIMR, University of Ghana,

Legon.

3.8.1.2 Blood Collection

Whole blood (5 mL) was collected from each study participant by venipuncture into a
labeled blood clotter tube at the Ejura-Sekyedumase district hospital laboratory. The
blood was centrifuged at 2500 rpm for 10 minutes to collect the serum which was stored
in aliquots in freezing vials, labeled with participant’s name and identification number.
The serum samples were frozen and transported to NMIMR as described in section

3.8.1.1 above.
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3.9  Sample Analysis

3.9.1 Urinary Aflatoxin M1 (AFM;)

Aflatoxin M levels in 110 urine samples were analyzed with immunoaffinity column
purification (AflaTest) followed by HPLC-flourescence detection at 365 nm excitation
and 425 nm emission wavelengths. Each urine sample (5 mL) was acidified with 0.5 ml
of 1.0.M ammonium formate (pH 4.5) and diluted to a volume of 10 mL with deionised
water. Samples were then allowed to flow through the immunoaffinity columns by
gravity at a flow rate of 1-2 drops per second. Columns were washed with phosphate
buffer saline (PBS) and deionised water before elution of AFM; with 80% methanol.
The eluants were then dried under nitrogen gas and resuspended in methanol:
ammoniumformate (ratio 1:1) solution for analysis using a Shimadzu HPLC system
with fluorescence detection (Shimadzu Corporation, Japan). A 250 x 4.6 mm
LiCrospher RP-18EC end capped column with a pore size of 100 A and a particle size
of 5 um (Alltech) was used to resolve aflatoxin metabolites. The mobile phase was 22%
ethanol in deionised water buffered with 20 mM ammonium formate (pH 3.0). Samples
(100 pL) were injected at an elution rate of ImL/min. The limit of detection was 0.5 pg
AFM31/mL urine. Analysis of AFM; was done at the Clinical laboratory department of

the Noguchi Memorial Institute for Medical Research (NMIMR)

3.9.2 Liver Damage Markers
The levels of liver damage markers in the serum; alanine aminotransferase (ALT),
aspartate aminotransferase (AST), albumin (ALB) and gamma-glutamyl transferase

(GGT) were measured using an automated colorimetric method by Flexor E, endpoint
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automation, Vital Scientific, Netherlands. Analysis of liver damage markers was done at

the Clinical Pathology Department, Noguchi Memorial Institute for Medical Research.

3.9.3 Viral Hepatitis B and C Screening

Screening of viral hepatitis B surface antigen and hepatitis C antibodies were done
using Clinogen rapid kit from Warehouse/Robin Willis Way, Windsor SL4 2PX, United
Kingdom, with specificity of 98.5%, sensitivity 99.0% and accuracy of 98.5%. A
volume of 50 pL aliquot of serum each was used for hepatitis B surface antigen and
hepatitis C antibody screening. Screening of hepatitis B viral surface antigen and
hepatitis C viral antibodies was done at the Clinical Pathology Department of the

Noguchi Memorial Institute for Medical Research.

3.9.4 Hepatitis B Viral Profile

Hepatitis B core antibody (HBcAb), Hepatitis B envelope Antigen (HBeAg), Hepatitis
B envelope Antibody (HBeAb) and Hepatitis B surface Antibody (HBsAb) were
determined on samples which tested positive for hepatitis B surface antigen using a
rapid assay from Clinogen Laboratories. The test results were read within 30 minutes.
The test was done at the Clinical Pathology Department of the Noguchi Memorial

Institute for Medical Research.

3.9.5 Statistical Analysis
The data from aflatoxin M1, liver damage markers and results in both hepatitis (B and

C) positive and negative blood samples were analysed using simple descriptive statistics
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by the International Business Machine (IBM) Statistical Package for the Social
Sciences, version 20, which looked at the range, the mean (n) and the standard deviation
(SD). Statistical significance was compared using the t-test analysis. P < 0.05 and
Pearson Product Moment correlation coefficient (r), r = 0.900 were considered to be

significant and of association respectively.
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CHAPTER FOUR

4.0 RESULTS

The study recruited five hundred participants (320 males and 180 females) who were
screened for both hepatitis B viral surface antigen and hepatitis C viral antibodies. Out
of the 500 subjects screened 43 (8.6%) which includes 33 (6.6%) males and 10 (2%)
females tested positive for hepatitis B surface antigen only. Four hundred and fifty
seven (457) subjects which represent 91.4% of the total subjects screened tested
negative for hepatitis B surface antigen. Twelve (2.4%) out of the 500 subjects screened
were positive for hepatitis C viral antibodies only, which consisted of 7 (1.4%) males
and 5 (1%) females. Four hundred and eighty eight (488) subjects tested negative for
viral hepatitis C antibodies (table 4.1).

Based on the initial findings of 43 subjects (group A) who tested positive for hepatitis B
surface antigen, forty three (43) subjects (30 males and 13 females) who showed
negative to the test were selected as control (group B) to match group A (table 4.3).
Four subjects (0.8%) tested positive for hepatitis B envelope antigen (table 4.2). Twelve
subjects (7 males and 5 females) who tested positive for hepatitis C antibodies were also
selected as group C. Based on the initial findings of 12 subjects who tested positive for
hepatitis C antibodies, twelve (12) subjects (7 males and 5 females) who showed
negative to the test were selected as control group (group D) to match group C (table

4.4).
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4.1 Gender of study population screened for hepatitis B and C.
Table 4.1 shows the data of the study population screened for viral hepatitis B and C. A
total number of 500 subjects were screened. Forty three (43) subjects tested positive for

viral hepatitis B whiles twelve subjects tested positive for viral hepatitis C.

Table 4.1 Gender distribution of study population screened for viral hepatitis

Hepatitis B Hepatitis C
Gender Negative Positive Negative Positive
Male 287 (57.4) 33 (6.6) 313 (62.6) 7(1.4)
Female 170 (34) 10 (2) 175 (35) 5(2)
Total 457 (91.4) 43 (8.6) 488 (97.6) 12 (2.4)

n(percentage) N=500

4.2  Gender and age data of hepatitis B surface antigen positive subjects
Table 4.2 shows gender and age data of hepatitis B surface antigen positive. Forty
three subjects (33 males and 10 females) based on age were selected as group A
(hepatitis B surface antigen positive) for the study. The 43 selected were also positive
for hepatitis B core antibody (HBcAb). Four (3males and a female) out of the 43 were
also positive for hepatitis B envelope antigen (HBeAg) whiles none of the subjects
showed positive for hepatitis B surface antibodies ( HBsAb). Out of the 43 who tested
positive for hepatitis B surface antibodies, thirty three (26 males and 7 females) tested

positive for hepatitis B envelope antibodies (HBeADb).
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Table 4.2 Gender and age distribution data of hepatitis B surface antigen
positives (group A)

Number of Number of Number of Number of Number of
HBsAg HBsADb HBCcADb HBeAg HBeADb
Age Positives Positives Positives Positives Positives
group
O M F M F M F M F M =
18-23 3 2 0 0 3 2 1 0 3 2
24-29 11 5 0 0 11 5 1 1 7 2

30-35 13 2 0 0 13 2 1 0 11 2

36-41 4 0 0 0 4 0 0 0 4 0
42-47 2 1 0 0 2 1 0 0 1 1
Total 33 10 --- ---- 33 10 3 1 26 7

M= Males, F= Females

The average age was 30 years with highest frequencies occurring between subjects aged
30-35 years for males and 24-29 years for females.
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4.3 Data of hepatitis B surface antigen negative subjects
Table 4.3 shows data of hepatitis B surface antigen negative (group B). Forty three
subjects (30 males and 13 females) based on age were selected as control group for the

study in order to match the hepatitis B surface positive group.

Table 4.3 Gender and age distribution data of hepatitis B surface antigen negative

subjects (Group B)

Age group Number of HBsAg Negative

(yrs) Male Female
18-23 4 2
24-29 8 7
30-35 4 2
36-41 8 1
42-47 6 1
Total 30 13

The average age was 29 years with highest frequencies occurring between ages 24-29
years for males and 36-41 years for females.
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4.4 Data of hepatitis C antibody positive subjects

Table 4.4 shows data of hepatitis C antibody positive subjects (group C) and control
(group D). Twelve adults (7 males and 5 females) who tested positive for hepatitis C
antibodies where selected as group C, whiles twelve adults (7 males + 5 females ) who
tested negative for hepatitis C viral antibodies were selected as control (group D) to

match the hepatitis C viral antibodies positive group (C) for the study.

Table 4.4 Gender and age distribution data of hepatitis C viral antibody
positive (group C) and control (group D)

Hepatitis C positive Control
Age group Number of viral hepatitis Number of viral hepatitis
(yrs) C Positive C Negative
Male Female Male Female
18-23 1 1 2 1
24-29 0 2 1 2
30-35 3 1 2 1
36-41 2 1 0 0
42-47 1 0 2 1
Total 7 5 7 5

The average age was 32 years with highest frequencies occurring between ages 30-35
years for males and 24-29 years for females(group C). The highest frequencies
occurred between the ages of 18-23; 30-35 and 42-47 years (males) in group D,
whiles the females (group D) had the highest frequencies of 24-29years.
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4.5 Results of urinary AFM; and liver damage markers of hepatitis B surface
antigen positive subjects

Table 4.5 shows the results of urinary AFM; values and liver damage markers of group
A (hepatitis B surface antigen positive) and group B (hepatitis B surface antigen
negative) subjects. The average urinary AFMy, serum AST, ALT, albumin and GGT for
HBsA(g positive subjects were 5255.0 pg/dL, 41.7 U/L, 25.6 U/L, 40.3 g/L and 46.2 U/L
respectively. The average values of urinary AFM; serum AST, ALT, albumin and GGT
for HBsAg control group were 374.8 pg/dL, 38.4 U/L, 19.2 U/L, 40.4 g/l and 22.4 U/L
respectively (table 4.5). There was significant difference in the urinary AFM;
concentration (5255.0 pg/dL) between the HBsSAg positive subjects and the control
subjects (374.0 pg/dL) (P= 0.001). There was no significant difference in the levels of
serum ALT, AST, and albumin concentrations between the HBsAg positive and the
control group. There was significant difference (p=0.001) in serum GGT concentrations
between the HBsAgQ positive (mean GGT= 46.1 U/L) and the control group (mean
GGT= 12.1 U/L).There was a 14 fold increase of urinary AFM; in hepatitis B surface

antigen positive subjects (group A) compared to the control (group B) (table 4.5).
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Table 4.5 Results of urinary AFM; and liver damage markers in hepatitis B
surface antigen (HBsAQ) positive subjects and controls

HBsA(g Positive HBsAg Negative t-Test

Markers (group A) (group B)

MeanzSD Range MeanzSD Range P-value
AFM;

5255.0£2757.9  768-12427 374.8+227.7 61.3-717.6 0.001*
(pg/dL)
ALT 25.6+16.1 5.4-70 19.0+11.4 2-49 0.066
(U/L)
AST 41.8+27.6 13.5-153 37.8£16.4 6.9-67 0.367
(U/L)
ALB 40.3£ 7.7 19.1-54.3 40.4£6.3 26-53.7 0.660
(g/L
GGT 46.1+26.4 5.9-215 22.4+12.1 5.2-49.3 0.021*
(U/L)

Data is presented as mean=SD. There was a significant difference in the mean AFM;
and GGT of group A and group B (p* < 0.05). Normal ranges: AFM;=0.5 ug/kg (FAO,
2003). AST=13-60 U/L, ALT=6-54 U/L, GGT=6-71 U/L and

ALB=32.7-49.8 g/L. (Dosoo et al., 2012).

4.6 Results of urinary AFM; values and liver damage markers in hepatitis B
envelope antigen positive

Table 4.6 shows results of urinary AFM; values and liver damage markers of hepatitis
B envelope antigen (HBeAg) positive subjects. Four adults in the group A, tested
positive for HBeAg.
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Table 4.6 Results of urinary AFM; and liver damage markers of hepatitis B
envelope antigen (HBeAg) positive subjects

Liver Damage Markers Mean SD
AFM;(pg/dL) 6536.7 + 5558.5
AST(U/L) 78.8 +55.8
ALT(U/L) 58.0 124

Normal ranges: AFM;=0.5 ug/kg (FAO, 2003). AST=13-60 U/L, ALT=6-54 UIL,
GGT=6-71 U/L and ALB=32.7-49.8 g/L. (Dosoo et al., 2012).

4.7  Results of urinary AFM; and liver damage markers in hepatitis C antibody
positive (Group C)

Table 4.7 shows the results of urinary AFM; values and liver damage markers in
subjects positive for hepatitis C virus (HCV) antibodies (group C) and the controls
(group D). The average values of urinary AFM; AST, ALT, albumin and GGT for
hepatitis C positive adults were 426.7 pg/dL, 48.8 U/L, 19.7 U/L, 38.2 g/L and

27.8 U/L respectively. The average values of urinary AFM; Serum AST, ALT, albumin
and GGT for hepatitis C negative subjects were 359.7 pg/dL, 36.3 U/L, 19.3 U/L,

39.3 g/L and 24.5 UJ/L (table 4.7). There was no significant difference in the urinary
AFM; mean concentration (426.7 g/dL) between HCV antibody positive subjects and

the urinary AFM; mean concentration (359.7 g/dL) of their controls. There was no
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significant difference in the serum ALT, AST, albumin and GGT concentrations

between the Hepatitis C viral antibody positive and the control group.

Table 4.7 Results of urinary AFM; and liver damage markers between
hepatitis C viral antibodies positive subjects (group C) and controls (group D)

Markers HCV Positive HCV Negative t-Test
(Group C) (Group D)
Mean Range Mean Range P-value

AFM;  426.7+237.0 21.3-720.9  359.7#259.2 61.3-717.6 0515
(pg/dL)

ALT  19.7#161  7.6-31.6  36.3+10.1 2-36.1 0.931
(UL)
AST 488285  7.2-72.7  19.3+113  27-51.9 0.214
(UIL)

ALB 38.2+51  31.8-446.  39.36.0 26-49.9 0.610
(g/L)

GGT 27.8£12.6 4.0-45 24.5+£14.0 5.2-49.0 0.544
(U/L)
There was no significant difference between AFM; and liver damage markers of
group C and group D. P < 0.05 was considered significant. N=12.
Normal ranges: AFM;=0.5 ug/kg (FAO, 2003). AST=13-60 U/L, ALT=6-54 U/L,
GGT=6-71 U/L and ALB=32.7-49.8 g/L. (Dosoo et al., 2012).

4.8  Correlation between AFM; and Liver Damage Markers
Figure 4.1(a, b, ¢ and d) shows a correlation graph of urinary AFM; vrs liver damage

markers in hepatitis B surface antigen (HBsAQ) positive subjects.
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Figure 4.1a shows a correlation graph of urinary AFM; vrs serum AST of hepatitis B
surface antigen (HBsAQ) positive subjects. There was no association between AFM;

and AST of hepatitis B surface antigen positive subjects (r = - 1.0).
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Figure 4.1a. Association between urinary AFM; values and serum AST values in
HBsAg positive subjects (N=43). There was no association between urinary AFM; and

serum AST of HBsAg positive subjects (r = -1.0).
r = 0.9: strong positive association, r = 0.2: weak association and r = - 0.9: strong

negative association.

Figure 4.1b shows a correlation graph of urinary AFM; vrs serum ALT of hepatitis B
surface antigen (HBsAQ) positive subjects (group A). There was no association between

urinary AFM; and serum AST of hepatitis B surface antigen (HBsAQ) positive (group

A) subjects (r = - 1.8).

54



14000

12000 o *

—_ r=-1.8
3 10000
~ L 4

8000 YS
= ** S, . ® o AFM,
= 6000 *
E %o :“ . >
“ 4000 s * * *

2000 .’ ® .

® nat
0
0 20 40 60 80
ALT(U/ L)

Figure 4.1b. Association between urinary AFM; values and serum ALT values in
HBsAg positive subjects (N=43). There was no association between urinary AFM; and
serum ALT of HBsAg positive subjects (r = - 1.8). r = 0.9: strong positive association,
r = 0.2: weak association and r = - 0.9: strong negative association.

Figure 4.1 c shows a correlation graph of urinary AFM; vrs serum albumin (ALB) of

hepatitis B surface antigen (HbsAg) positive subjects. There was no association

between urinary AFM; and serum albumin of hepatitis B surface antigen (HBsAQ)

positive subjects (r = -2.5).
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Figure 4.1c. Association between urinary AFM; values and serum ALB values in
HBsAg positive subjects (N=43). There was no association between urinary AFM; and

serum ALB of HBsAg positive subjects (r = -2.5).
r = 0.9: strong positive association, r = 0.2: weak association and r = - 0.9: strong

negative association.

Figure 4.1d shows a correlation graph of urinary AFM; vrs serum gamma-glutamyl
transferase (GGT) of hepatitis B surface antigen (HBsAQ) positive subjects. There was

no association between urinary AFM; and serum GGT of hepatitis B surface antigen

(HBsAQ) positive subjects (r = - 0.8).
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Figure 4.1d. Association between urinary AFM; values and serum GGT values in
HBsAg positive subjects (N=43). There was no association between urinary AFM; and

serum GGT of HBsA(g positive subjects (r = - 0.8).
r = 0.9: strong positive association, r = 0.2: weak association and r = - 0.9: strong

negative association.
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CHAPTER FIVE

5.0 DISCUSSION, CONCLUSION AND RECOMMENDATION

A significant association between aflatoxin exposure and human liver diseases has been
reported in endemic areas in Sub-Sahara Africa, East and Southeast Asia which are
highly exposed to aflatoxin and liver diseases (Colombo, 1992; Qian et al., 1994). Rates
of hepatitis B viral (HBV) positivity in The Gambia, China and Guinea are 15% (Allen
et al., 1992), 14-20% (Wang et al., 2001), and 10% (Diallo et al., 1995), respectively.
The effect of hepatitis B viral infection and the efficiency with which aflatoxin is
detoxified is affected by biological exposure to aflatoxin (Kelly et al., 1997).

Several factors are known to affect the progression of hepatitis C viral related

diseases (Fattovich et al., 2004). However, it remains unclear whether aflatoxin
exposure is an associated risk factor for advanced liver disease including liver cirrhosis
in patients with chronic hepatitis C (Boutrif, 1998). Two cohort studies in South-East
Asia, have demonstrated an interaction between hepatitis B virus and aflatoxins in
determining hepatocarcinoma risk. Both studies used biomarkers of aflatoxin M1 to
classify individuals for exposure status and showed significant association with chronic
infection in relation to hepartocarcinoma (Qian et al., 1994; Wang, 1996). This study
measured the level of exposure of aflatoxin and liver damage markers in adults with

viral hepatitis infection.
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The levels of urinary AFM; concentrations found in subjects in the present study (both

control and hepatitis B surface antigen positive) ranged from 61.3 to 12,427 pg/dL

(table 4.5). Alessandra de Cassia Romero et al., (2009) detected AFM; in urine

samples of 45 subjects in the range of 180 to 3,990 pg/ dL in a study involving

Brazilian population. The results showed a lower incidence range of urinary AFM;
concentration as compared to the current study.

Allen and his colleagues (1992) in a study of aflatoxin exposure, malaria and hepatitis B
infection in rural Gambia reported that aflatoxin exposure was much lower in the
raining season compared to the dry season. The difference in urinary AFM;
concentration between the findings in the present study and the report by Alessandra de
Céssia Romero and his group may have occurred due to seasonal variation of aflatoxin

exposure and dietary data which were not investigated in the present study.

The progression of aflatoxin in hepatitis B surface antigen positive (HBsAg+)
individuals is substantially higher than in hepatitis B surface antigen negative (HBsSAg-)
individuals (Henry et al., 2002). Thus, reduction of the intake of aflatoxins in
populations with a high prevalence of HBsAg positive individuals will have greater
impact on reducing liver diseases (Henry et al., 2002). A study conducted by Mizrak et
al., (2004) documented that in viral hepatitis B positive subjects, aflatoxin concentration
is significantly higher than hepatitis B surface antigen negative subjects in Turkey.

There was significant difference in aflatoxin M1 concentrations between subjects who
were positive for hepatitis B surface antigen (group A) compared to those who tested

negative for hepatitis B surface antigen (table 4.5).
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Aflatoxin concentration in hepatitis B surface antigen positive subjects in the current
study was higher than in the hepatitis B surface antigen negative subjects (control
group). These findings are comparable to the study by Mizrak and his group (2004). A
factor in this greater potency of aflatoxin in HBV-positive people is that HBV positivity

reduces the person’s ability to detoxify aflatoxin (Allen et al., 1992)

Prospective studies in Shanghai, China by Qian et al., (1994) showed that urinary
excretion of aflatoxin metabolites is a useful indicator for the increased risk of
hepatocarcinoma. Exposure of aflatoxin in hepatitis B viral positive subjects increased
hepatocarcinoma risk up 7-fold (Qian et al., 1994). The current study demonstrated a 14
fold increase of urinary AFM; in the hepatitis B surface positive subjects (group A)
compared to the hepatitis B surface antigen negative subjects (group B). The two times
fold increase in the concentrations of AFM; in hepatitis B surface antigen positive
subjects in the present study compared to the study by Qian and his group could be due
to the concentrations of aflatoxin B1 ingested and the efficiency with which aflatoxin is
metabolized and possibly the number of subjects tested (Kelly et al., 1997). Although
aflatoxin B1 (AFB;) might contribute to hepatocarcinogenesis by other mechanisms, its
role in pathogenesis of hepatocarcinoma is primarily mediated by its effects on chronic
hepatitis B viral infection. Various mechanisms of interaction between aflatoxin and
HBV in hepatocarcinogenesis have been proposed. It may reflect changes in
metabolism of aflatoxin B1 (AFB;) with coexistence of HBsAg. The most widely
accepted is that, hepatitis B viral infection sensitizes hepatocytes to the carcinogenic

effects of aflatoxin B; (Kew, 2003). This can be done by inducing cytochrome P450
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enzyme that metabolizes AFB; to the toxic metabolite AFB;-8, 9-epoxide (Chemin et
al., 1999). In other studies, a positive interaction between HBV and AFB; seemed to
depend on the absence of detoxification enzymes like glutathione-S-transferase, which
converts the carcinogenic AFB;-8,9-epoxide to non-reactive metabolites (Chen et al.,
1996; Yu et al., 1997; Sun et al., 2001). Primary prevention, such as vaccination for
hepatitis B virus and control of aflatoxin contamination of food, offers strategies for

lowering hepartocarcinoma rates.

There was no significant difference in the present study in urinary AFM; concentrations
between hepatitis C viral antibody positive (group C) the control (group D) (table 4.7).
There was no significant difference between liver damage markers of both control
group and hepatitis C viral antibody positive group (table 4.7). It remains unclear
whether aflatoxin exposure is an associated risk factor for advanced liver disease in
patients with chronic hepatitis C. Community-based studies in Taiwan revealed that
hepatitis C positive status does not significantly affect temporal variability in aflatoxin
B1 (AFB;)-albumin adducts (Chen et al., 1996; Sun et al., 2002). In another study
conducted in Egypt, a hepatitis C viral (HCV) endemic country, found that the
incidence of liver diseases in HCV infected patients is strongly associated with the food
and the seeds contaminated with aflatoxins (Hifnawy et al., 2004). The study showed
that aflatoxin exposure levels were associated with HCV infection and was an
independent risk factor for advanced liver disease in patients with HCV infection.
Furthermore, the level of aflatoxin exposure was significantly related to

ultrasonographic parenchyma scores. These scores reflect the severity of liver fibrosis.
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Thus, aflatoxin exposure might be associated with advanced liver fibrosis in patients
with chronic hepatitis C (Hifnawy et al., 2004). The study participants employed in the
current study as hepatitis C positive (group C) have not developed advance stage liver
disease therefore the effect of aflatoxin exposure was not as in the advance liver disease
state with other related diseases. The biological mechanism underlying the interaction
between chronic HCV infection and increased activation of aflatoxin in humans merits

further study.

Alanine aminotransferase (ALT) and aspartate aminotransferase (AST) are commonly
measured clinically as a marker for the liver health (Hou et al., 2013). Alterations in
serum levels of ALT and AST are liver specific and have been considered as a tool for
studying varying cell viability and changes in cell membrane permeability (El-Zayadi,
2008). In addition, serum Gamma-glutamyl transferase (GGT) is a prime marker of bile
duct epithelial proliferation that is typical of aflatoxicosis (Kramer, 1989). Adedara et
al., (2010) found that an increase in hepatic alkaline phosphate activity was well
supported by the parallel increase in GGT activity following exposure to aflatoxin B1
(AFB;). Albumin is the main protein made by the liver, circulates in the bloodstream

and is affected by liver disorders.

In a study involving children in The Gambia, blood samples were analyzed for
aflatoxin-albumin (AF-alb) with serum alanine aminotransferase (ALT) as a marker of
liver damage. The subjects were followed up for one year. The study found no

association between aflatoxin albumin adduct and ALT (Wild et al., 1993). In table 4.5
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in the present study there was no significant difference in ALT activity and urinary
AFM; HBsAg positive (group A) and urinary AFM; HBsAg negative (group B)
subjects. However in another study conducted by Mohgah et al. (2014) in Egypt, flour
mill workers exposed to aflatoxin between 7-38 years had significant difference of GGT
between the exposed workers and their controls. However, in this study significant
difference in GGT activity was found between control subjects (table 4.5) (hepatitis B
surface antigen negative) and hepatitis B surface positive group. This study
demonstrated no association between serum ALT, AST, albumin and GGT vrs urinary
AFM; (Fig 4.1a- 1.4d) in HBsAg positive subjects.

This study agrees with the studies done by Wild and his group (1993) who found no
association between aflatoxin and ALT. Also the study done by Morgah and collegues
(2014) confirms the significance difference of GGT in the present study. Though longer
period of aflatoxin exposure may be required as done by this group, the present study
could not confirm the exposure period of aflatoxin in the study subjects.
Gamma-glutamyl transferase is used to evaluate bile duct obstructions. It is also used to
screen for chronic alcohol abuse in people who are receiving treatment for alcoholic
hepatitis. In contrast to the present study, chronic alcohol abuse and bile duct
obstructions were not evaluated. Therefore the significant difference in GGT between
the hepatitis B surface antigen positive group and the control group may not be due to
aflatoxin only, but other contributing factors as mentioned above.

Increase in liver damage markers in chronic hepatitis B infection may also depend on
the chronic phases of hepatitis B viral infection (McMahon, 2005). The immune active

phase is characterized by elevated levels of aminotransferases and elevated hepatitis B
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viral DNA level above 2000 IU/mL with the presence of hepatitis B envelope antigen
(HBeAg) (McMahon, 2005). Inactive chronic hepatitis B phase is characterized by the
absence of HBeAg and normal aminotransferase levels and hepatitis B viral (HBV)
DNA<2000 IU/mL (De Franchis et al., 1993; Zacharakis et al., 2005).

This study recorded majority (39) subjects (out of 43) test group in the inactive chronic
hepatitis B phase which could also account for the insignificant level of liver damage
markers between the study subjects (group A and B). The present study found four (4)
subjects with chronic hepatitis B in the immune active phase (HBeAg positive) (table
4.6) with higher mean concentrations of urinary AFM; and liver damage markers as
compared to those without hepatitis B envelope antigen. The four subjects with hepatitis
B envelope antigen positive in relation to liver damage markers and aflatoxin exposure
were not large enough to confirm the relationship between aflatoxin and hepatitis B
envelope antigen. Studies involving aflatoxin and hepatitis B envelope antigen are not
readily available. The findings of the present studies warrant further studies for a clear

relationship of hepatitis B envelope antigen and aflatoxin exposure.
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6.0

CONCLUSION

Results from this study demonstrated significant levels of aflatoxin in hepatitis B

surface antigen positive subjects as compared to hepatitis B surface antigen negative

subjects. In addition, levels of aflatoxin in hepatitis C positive subjects and their control

group showed no significant difference.

The study have provided for the first time in Ghana, information on aflatoxin levels in

hepatitis B and C positive subjects.

6.1

6.2

LIMITATION

Funding and time constraints limited the selection of other liver damage

markers.

RECOMMENDATIONS

The elevated levels of liver damage markers and urinary AFM; seen in the four
subjects who tested positive for hepatitis B envelope antigen is an issue of
concern. Large sample size is needed to demonstrate the relationship between
aflatoxin and hepatitis B envelope antigen.

The present studies employed subjects without liver diseases which showed a
significant exposure to aflatoxin in Hepatitis B surface positive subjects.
Therefore aflatoxin exposure in people with liver diseases warrants further

studies especially in an aflatoxin endemic area.
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The observations of aflatoxin exposure emphasize the need for aflatoxin
exposure intervention strategies in high-risk countries; possibly targeted at
postharvest stage. Therefore there is a critical need to educate people on the
dangers of aflatoxin exposure to humans and to develop an economically

feasible strategy to eliminate exposure to aflatoxin

66



REFERENCES

Adedara, I.A., Owumi, S.E., Uwaifo, A.O., Farombi, E.O. (2010). Aflatoxin B1 and
ethanol co-exposure induces hepatic oxidative damage in mice Toxicology and
Industrial Health, 26:717-724.

Aguilar F, Perez Hussain S, Cerruti P (1993). Aflatoxin B1 induces the transversion of
G __ > T in the codon 249 of the tumor suppressor gene in human hepatocytes. USA,
Proceedings of the National Academy of Sciences 90: 8586-90.

Allen, S.J., Wild, C.P., Wheeler, J.G., Riley. E.M., Montesano, R., Bennett, S., Hall
A.J., Whittle, H.C., and Greenwood, B.M. (1992). Aflatoxin exposure, malaria and
hepatitis B infection in rural Gambian children. Transactions of the Royal Society of

Tropical Medicine and Hygiene, 86:426-30.

Alessandra de Céassia Romero., Tania Raquel Baroni Ferreira., Carlos Tadeu dos
Santos., Dias Maria Antonia Calori-Domingues and Eduardo Micotti da Gloriam
(2009). Occurrence of AFML1 in urine samples of a Brazilian population and association
with food consumption. Food Control doi:10.1016/j.foodcont.2009.08.004.

Ali, N., Sardjono, Yamashita, A., and Yoshizawa, T. (1998). Natural co-occurrence of
Aflatoxins and Fusarium mycotoxins (fumonisins, deoxynivalenol, nivalenol and

zearalenone) in corn from Indonesia. Food Additive and Contaminants, 15: 377-384.

Alter, M.J. (2007)."Epidemiology of hepatitis C virus infection." World journal of
gastroenterology, 13 (17): 2436-41.

Amyot, J. (1983). Social and economic aspects of dryer use for paddy and other
agricultural produce. Chulalongkorn University Social Research Institute and

International Development Research Centre, Thailand.

67


http://www.pnas.org/
http://trstmh.oxfordjournals.org/search?author1=E.M.+Riley&sortspec=date&submit=Submit
http://trstmh.oxfordjournals.org/search?author1=R.+Montesano&sortspec=date&submit=Submit
http://trstmh.oxfordjournals.org/search?author1=S.+Bennett&sortspec=date&submit=Submit
http://trstmh.oxfordjournals.org/search?author1=A.J.+Hall&sortspec=date&submit=Submit
http://trstmh.oxfordjournals.org/search?author1=H.C.+Whittle&sortspec=date&submit=Submit
http://trstmh.oxfordjournals.org/search?author1=B.M.+Greenwood&sortspec=date&submit=Submit
http://www.wjgnet.com/downpdf.asp?url=/1007-9327/13/2436

Anamika, J.H.A., Rajesh Krithika, Dave Manjeet, Ramtej J.Verma (2013). Protective
Effect of Black Tea Infusion on Aflatoxin-Induced Hepatotoxicity in Mice. Journal of

Clinical and experimental Hepatology, 3 (1) 29-36.

Asao, T. G.; Buchi, M. M, Abdel kader, S. B, Chang, E. L, Wick, and
Wogan G.N. (1963). Aflatoxins B and G. Journal of the American Chemical Society,
85: 1706-1707.

Awuah, R. T., and Ellis, W. O. (2002). Effects of some groundnut packaging methods
and protection with Ocimum and Syzygium powders on kernel infection by fungi.
Mycopathologia, 154: 29-26.

Axtell, B. and Bush, A. (1991). Try drying it. Case studies in the dissemination of tray

drying technology. Intermidiate Technology Publications, London.

Bankole, S. A., and Adebanjo, A. (2003). Review: Mycotoxins in food in West Africa:
current situation and possibility of controlling It. African Journal of Biotechnology, 2
(9):254-263.

Bailey, C. (2010). "Hepatic Failure: An evidence-based approach in the emergency

Department"”. Emergency Medicine Practice 12 (4).
Barouki, R., Chobert, M.N., Finidori, J., Aggerbeck, M., Nalpas, B.
Hanoune, J. (1983). "Ethanol effects in a rat hepatoma cell line: induction of gamma-

glutamyltransferase"”. Hepatology 3 (3): 323-9.

Bartenschlager, R. and Lohmann, V. (2000). "Replication of hepatitis C virus".
Journal of General Virology 81 (7): 1631-48.

68


file:///J:/JK%20Project,MPHIL/Animika%20aflatoxin.htm
file:///J:/JK%20Project,MPHIL/Animika%20aflatoxin.htm
file:///J:/JK%20Project,MPHIL/Animika%20aflatoxin.htm
file:///J:/JK%20Project,MPHIL/Animika%20aflatoxin.htm
http://www.jcehepatology.com/issues?issue_key=S0973-6883%2813%29X0002-7
http://pubs.acs.org/journal/jacsat
http://www.ebmedicine.net/topics.php?paction=showTopic&topic_id=219
http://www.ebmedicine.net/topics.php?paction=showTopic&topic_id=219
http://vir.sgmjournals.org/cgi/content/full/81/7/1631

Begun, S. (1991). The economics of small-scale drying. In Axtell B, Bush A (eds),
Case studies in the dissemination of tray drying technology. Intermidiate Technology

Publications, London, pp. 41-47.

Bennett, J.W. and Klich, M. (2003). Mycotoxins. Clinical Microbiology Reviews,
16: 497-516.

Bondy, G., and Pestka, J.J. (2000). Immunomodulation by fungal toxins. Journal of.

Toxicology and. Environmental Health, 3:109-143.

Bosch, F.X., and Munoz, N. (1988). Prospects for epidemiological studies on
hepatocellular cancer as model for assessing viral chemical interactions. Applications in
Cancer Epidemiology and Prevention. IARC Scientific Publication, 89: p. 427.

Boutrif. (1998). "Prevention of aflatoxin in pistachios”. Food, nutrition and

agriculture.

Bouraima, Y., Ayi-Fianou, L., Kora, I., Sanni, A., and Creepy, E. E. (1993).
Demonstration of contamination of cereals by aflatoxins and ochratoxin in Benin.

Human ochratoxicosis and its pathologies, 231: 101-110.

Carruthers, 1., and Rodriguez, M. (1992). Tools for Agriculture International
Technology Publications. Russell press, Nottingham United Kingdom, fourth edition
pp. 9-18.

CAST (2003). Mycotoxins: Risks in Plant, Animal and Human Systems. Report No.

139. Council for Agricultural Science and Technology, Ames, lowa, USA.

Centre for Disease Control and Prevention (2010). Hepatitis C information for the
Health Professional.

69


http://www.fao.org/docrep/W9474T/w9474t06.htm

Center for Disease Control and Prevention (2004). Outbreak of aflatoxin poisoning-
Eastern and Central Provinces, Kenya, January—June 2004. Morbidity and . Mortality
Weekly Report. 53:790.

Centre for Disease Control and Preventention (2008). Hepatitis A Frequently Asked

Questions".

Chang, M.H., Hsu, H.Y., Hsu, H.C., Ni, Y.H., Chen, J.S., Chen D.S. (1995). The
significance of spontaneous hepatitis B envelope antigen seroconversion in childhood:
with special emphasis on the clearance of hepatitis B envelope antigen before 3years of
age. Hepatology, 22:1387-1392.

Chang, M.H. (2007). "Hepatitis B virus infection". Seminars in Fetal and Neonatal
Medicine ”,12 (3)160-167.

Chemin, 1., Takahashi, S., Belloc, C., Lang, M.A., Ando, K., Guidotti, L.G., Francis,
V. and Wild, C.P. (1996). Differential induction of carcinogen metabolizing enzymes in

a transgenic mouse model of fulminant hepatitis, Hepatology, 24: 649-656.

Chemin, 1., Ohgaki, H., Chisari, F.V., Wild, C.P. (1999). Altered expression of hepatic
carcinogen metabolizing enzymes with liver injury in HBV transgenic mouse lineages

expressing various amounts of hepatitis B surface antigen. Liver, 19:81-87.

Chen, C.J., Yu, M.\W,, Liaw, Y.F, Wang, L.W., Chiamprasert, S., Matin, F., Hirvonen,
A., Bell, D.A., Santella, R.M.(1996). Chronic hepatitis B carriers with null genotypes
glutathione-S-transferase M1and T1 polymorphisms who are exposed to aflatoxin are at
increased risk of hepatocellular carcinoma. The American Journal of Human Genetics,

59: 128-34.

70


http://www.google.com.gh/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CBwQFjAAahUKEwiL2t_Bi4bGAhUCgdsKHVpxAEE&url=http%3A%2F%2Fwww.sfnmjournal.com%2F&ei=u654VcuQLIKC7gba4oGIBA&usg=AFQjCNG28aTkT6RYmC62g58LrOgbQdQFvA&sig2=4V_L4mnEQwhtz5kKrERSzw
http://www.google.com.gh/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CBwQFjAAahUKEwiL2t_Bi4bGAhUCgdsKHVpxAEE&url=http%3A%2F%2Fwww.sfnmjournal.com%2F&ei=u654VcuQLIKC7gba4oGIBA&usg=AFQjCNG28aTkT6RYmC62g58LrOgbQdQFvA&sig2=4V_L4mnEQwhtz5kKrERSzw
http://www.google.com.gh/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB8QFjAAahUKEwjeiMj0kIbGAhXJCNsKHZjsAI0&url=http%3A%2F%2Fwww.cell.com%2Fajhg%2Fhome&ei=ZLR4Vd7GHMmR7AaY2YPoCA&usg=AFQjCNEGw7qZg3_2S8eOP5SVDECVs8Hxvg&sig2=YVRexH8nj4ZnrFY2PcpeJA&bvm=bv.95277229,d.ZGU

Chen C.H., Wang, M.H., Wang, J.H., Hung, C.H., Hu, T.H., Lee, S.C., Tung, H.D.,
Lee, C.M., Changchien, C.S., Chen, P.F., Hsu, M.C., Lu, S.N. (2007). Aflatoxin
exposure and hepatitis C virus in advanced liver disease in a hepatitis C virus-endemic
area in Taiwan. American Journal of Tropical Medicine and Hygiene, 77: 747—752.

Chen, C.J., Wang, L.Y., Lu, S.N., Wu, M.H., You, S.L., Zhang, Y.J., Wang, L.W.,
Santella, R.M. (1997). Elevated aflatoxin exposure and increased risk of hepatocellular

carcinoma. Hepatology, 24:38-42.

Chulanov, V.P., Shipulin, G.A., Schaefer S, Gerlich, W. H. (2000). Kinetics of HBV
DNA and HBsAg in acute hepatitis B patients with and without coinfection by other
hepatitis viruses. Journal of Medical Virology; 69 (3):313-323.

Coffin, C.S., Mulrooney-Cousins, P.M., Van- Marle, G., Roberts, J.P., Michalak, T.I.,
Terrault, N.A. (2011). "Hepatitis B virus (HBV) quasi species in hepatic and
extrahepatic viral reservoirs in liver transplant recipients on prophylactic therapy". Liver
Transplantation, 17 (8): 955-62.

Colombo, M. (1992). Hepatocellular carcinoma. Journal of Hepatology, 15: 225-236.

Cullen, J.M., Newberne, P.M., Eatonm, D.L. and Groopman, J.D. (1993). Acute
hepatotoxicity of aflatoxins. In: The toxicology of aflatoxins: human health, veterinary,

and agricultural significance. London Academic Press, p1-26.
Dabbert, C.B., Oberheu, D.G. (2001). Aflatoxin production in supplemental feeders

provided for northern bobwhite in Texas and Oklahoma. Journal of wildlife diseases,
37: 475-480.

71


http://www.ncbi.nlm.nih.gov/pubmed/?term=Tung%20HD%5BAuthor%5D&cauthor=true&cauthor_uid=17978082
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=17978082
http://www.ncbi.nlm.nih.gov/pubmed/?term=Changchien%20CS%5BAuthor%5D&cauthor=true&cauthor_uid=17978082
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20PF%5BAuthor%5D&cauthor=true&cauthor_uid=17978082
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hsu%20MC%5BAuthor%5D&cauthor=true&cauthor_uid=17978082
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lu%20SN%5BAuthor%5D&cauthor=true&cauthor_uid=17978082

Davis, G.L., Hoofnagle, J.H. (1985). Reactivation of chronic type B hepatitis

presenting as acute viral hepatitis. Annals of Internal Medicine Journal, 102:762-765.

De Cock, K.M., Govindarajan, S., Sandford, N., Redeker, A.G. (1986). Fatal
reactivation of chronic hepatitis B. Journal of American Medical Association, 256:
1329-1331.

Dedzo, C. D. (1998). The soils of Ejura-Sekyedumase District and their Agricultural
suitability. Miscellaneous Paper No.260, 2-10.

De Franchis, R., Meucci, G., Vecchi, M., Tatarella, M., Colombo, M., Del Ninno, E.,
Rumi, M.G., Donato, M.F., Ronchi, G. (1993). The natural history of asymptomatic
hepatitis B surface antigen carriers. Annals of Internal Medicine Journal, 118:191-194.

Diallo, M.S., Sylla, A., Sidibe, K., Sylla, B.S., Trepo, C.R., Wild, C.P. (1995).
Prevalence of exposure to aflatoxin and hepatitis B and C viruses in Guinea, West
Africa. Natural Toxins, 3:6-9.

Dosoo, D.K., Kayan, K., Adu-Gyasi, D., Kwara, E., Ocran, J., Osei-Kwakye. K.,
Mahama, E., Etego-Amenga, S., Bilson, P., Asante, K., Koram, K., Owusu-

Agyei, S. (2012). Haematological and Biochemical Reference Values for Healthy
Adults in the Middle Belt of Ghana. PLoS ONE 7(4): e36308. doi:10.1371/journal. Pone
0036308.

Dunsford, H.A., Sell, S., Chisari, F.V. (1990). Hepatocarcinogenesis due to chronic

liver-cell injury in hepatitis-B virus transgenic mice, Cancer Research, 50:3400-3407.

Eaton, D., Ramsdell, H.S., Neal, G., Groopman, J.D. (1993). Biotransformation of
aflatoxins. In: the toxicology of aflatoxins: human health, veterinary, and agricultural

significance. London: Academic Press, pp 45-72.

72


http://www.google.com.gh/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCAQFjAAahUKEwjKiuHol4bGAhXEtxQKHQkCAM4&url=http%3A%2F%2Fannals.org%2F&ei=ort4VcqxLsTvUomEgPAM&usg=AFQjCNHf5vpoI0eEV-OaipfcuZZ3Uz3Yag&sig2=BeINm25-04mfYcb0znk-Zg&bvm=bv.95277229,d.d24
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rumi%20MG%5BAuthor%5D&cauthor=true&cauthor_uid=8417636
http://www.ncbi.nlm.nih.gov/pubmed/?term=Donato%20MF%5BAuthor%5D&cauthor=true&cauthor_uid=8417636
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ronchi%20G%5BAuthor%5D&cauthor=true&cauthor_uid=8417636
http://www.google.com.gh/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCAQFjAAahUKEwjKiuHol4bGAhXEtxQKHQkCAM4&url=http%3A%2F%2Fannals.org%2F&ei=ort4VcqxLsTvUomEgPAM&usg=AFQjCNHf5vpoI0eEV-OaipfcuZZ3Uz3Yag&sig2=BeINm25-04mfYcb0znk-Zg&bvm=bv.95277229,d.d24

Ejura-Sekyedumase District Hospital Annual Report 2014.

Ellis, J.A., Barley, R.H., Clement, B.A., And Philips T.D. (1991). Chemisorption of
aflatoxin M; from milk by hydrated sodium calcium aluminosilicate. Toxicology I, 96.

El-Zayadi, A.R. (2008). "Hepatic steatosis: a benign disease or a silent killer."World
journal of gastroenterology, 14 (26): 4120-6.

Fattovich, G., Brollo, L., Alberti, A., Realdi, G., Pontisso, P., Giustina. G,
Ruol, A. (1990). Spontaneous reactivation of hepatitis B virus infection in patients with
chronic type B hepatitis. Liver, 10:141-146.

Fattovich, G., Stroffolini, T.; Zagni, I.; Donato, F. (2004). "Hepatocellular carcinoma
in cirrhosis: incidence and risk factors.” Gastroenterology, 127 (5 Suppl 1): S35-50.

Food and Agriculture Organisation (FAO), (2003). Food and Nutrition, Worldwide

regulations for mycotoxins in food and feed, paper; 81.

Forton, D.M.; Allsop, J.M.; Cox, I.J.; Hamilton, G.; Wesnes, K.; Thomas, H.C;
Taylor-Robinson, S.D. (2005). "A review of cognitive impairment and cerebral
metabolite abnormalities in patients with hepatitis C infection.” AIDS . London,
England, 19 (Suppl 3): S53-63.

Franzini, M., Bramanti, E., Ottaviano, V., Ghiri, E., Scatena, F., Pompella, A., Donato,
L., Emdin, M., Paolicchi, A. (2006). "A high performance gel filtration chromatography
method for gamma-glutamyltransferase fraction analysis”. Analytical .Biochemistry.
374: 1-8.

73



Freitas, V.P., Brigido, B.M. (1998). Occurrence of aflatoxins B1, B2, G1, and G2 in
peanuts and their products marketed in the region of Campinas, Brazil. Food Additives
and Contaminants, 15: 807-811.

Galvano, F., Piva, A., Ritieni, A., Galvano, G. (2001). Dietary strategies to counteract

the effects of mycotoxins: a review. Journal of Food Protection, 64: 120-131.

Goldberg, D.M. (1980). "Structural, functional, and clinical aspects of gamma-

glutamyltransferase”. Critical Reviews in Clinical Laboratory Sciences 12 (1): 1-58.

Gong, Y.Y., Cardwell, K., Hounsa, A., Turner, P.C., Hall, A.J., Wild, C.P. (2002).
Dietary aflatoxin exposure and impaired growth in young children from Benin and

Togo: cross sectional study. British Medical Journal, 325:20-1.

Groopman, J.D., Kensler T.W., Wild, C.P. (2008). Protective interventions to prevent
aflatoxin-induced carcinogenesis in developing countries. Annual Review of Public
Health, 29:187-203.

Gourama, H. and Bullerman, L. B. (1995). Aspergillus flavus and Aspergillus
parasiticus, aflatoxigenic fungi of concern in foods and feed—a review. Journal of.
Food Protection, 58:1395.

Hamilton, D. (2000). Toxic fungus threatens health of consumers: Mycotoxins in food
in West Africa: current situation and possibility of controlling it; African Journal of
Biotechnology, 2 (9) 254-263.

Hadziyannis, S.J. (2007). Treatment paradigms on hepatitis B envelope antigen-

negative chronic hepatitis B patients. Expert Opinion on Investigative Drugs, 16:777-
786.

74


http://informahealthcare.com/loi/lab

Hell, K. (1997) Factors Contributing to the Distribution and Incidence of Aflatoxin
Producing Fungi in Stored Maize in Benin. PhD. Dissertation, University of Hannover,

Germany.

Hell, K., Cardwell, K.F., Setamou, M., Poehling, H.M. (2000). The Influence Of
Storage Practices on Aflatoxin Contamination in Maize in four Agroecological Zones of
Benin, West Africa. Journal of. Stored Products. Research, 36: 365-382.

Henry, S.H., Bosch, F.X., and Bowers, J.C. (2002). Aflatoxin, hepatitis and worldwide
liver cancer risks. Advances in Experimental Medicine and Biology, 504: 229-233.

Hifnawy, M.S., Mangoud, A.M., Eissa, M.H., NorEdin. E., Mostafa, Y., Abouel-Magd,
Y., Sabee El, Amin I, Ismail, A., Morsy, T.A., Mahrous, S., Afefy, A.F., el-Shorbagy,
E., el-Sadawy, M., Ragab, H., Hassan, M.I., el-Hady, G., Saber, M. (2004).The role of
aflatoxin-contaminated food materials and HCV in developing hepatocellular carcinoma
in Al-Sharkia Governorate, Egypt. Journal of the Egyptian Society of Parasitology, (1
Suppl):479-88.

Hou, Y.J., Zhao, Y.Y., Xiong, B., Cui, X.S., Kim, N.H., Xu, Y.X., Sun, S.C. (2013):
Mycotoxin containing diet causes oxidative stress in the mouse. Public library of
Science One, 8(3):e6074.

Hollinger, F.B., Liang, T.J. (2001). Hepatitis B Virus. In: Knipe DM et al., eds. Fields
Virology, 4th ed. Philadelphia, Lippincott Williams & Wilkins, p 2971-3036.

Hui, D.K., Leung, N., Yuen, S.T., Yuen, S.T., Zhang, H.Y., Leung, KW., Lu. L.,
Cheung, S.K., Wong, W.M., Lau, .G.K. (2007). Natural history and disease progression
in Chinese chronic hepatitis B patients in immune tolerant phase. Hepatology, 46:395-
401.

75


http://www.ncbi.nlm.nih.gov/pubmed/?term=Hifnawy%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=15124754
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mangoud%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=15124754
http://www.ncbi.nlm.nih.gov/pubmed/?term=Eissa%20MH%5BAuthor%5D&cauthor=true&cauthor_uid=15124754
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nor%20Edin%20E%5BAuthor%5D&cauthor=true&cauthor_uid=15124754
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mostafa%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=15124754
http://www.ncbi.nlm.nih.gov/pubmed/?term=Abouel-Magd%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=15124754
http://www.ncbi.nlm.nih.gov/pubmed/?term=Abouel-Magd%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=15124754
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sabee%20EI%5BAuthor%5D&cauthor=true&cauthor_uid=15124754
http://www.ncbi.nlm.nih.gov/pubmed/?term=Amin%20I%5BAuthor%5D&cauthor=true&cauthor_uid=15124754
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ismail%20A%5BAuthor%5D&cauthor=true&cauthor_uid=15124754
http://www.ncbi.nlm.nih.gov/pubmed/?term=Morsy%20TA%5BAuthor%5D&cauthor=true&cauthor_uid=15124754
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mahrous%20S%5BAuthor%5D&cauthor=true&cauthor_uid=15124754
http://www.ncbi.nlm.nih.gov/pubmed/?term=Afefy%20AF%5BAuthor%5D&cauthor=true&cauthor_uid=15124754
http://www.ncbi.nlm.nih.gov/pubmed/?term=el-Shorbagy%20E%5BAuthor%5D&cauthor=true&cauthor_uid=15124754
http://www.ncbi.nlm.nih.gov/pubmed/?term=el-Shorbagy%20E%5BAuthor%5D&cauthor=true&cauthor_uid=15124754
http://www.ncbi.nlm.nih.gov/pubmed/?term=el-Sadawy%20M%5BAuthor%5D&cauthor=true&cauthor_uid=15124754
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ragab%20H%5BAuthor%5D&cauthor=true&cauthor_uid=15124754
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hassan%20MI%5BAuthor%5D&cauthor=true&cauthor_uid=15124754
http://www.ncbi.nlm.nih.gov/pubmed/?term=el-Hady%20G%5BAuthor%5D&cauthor=true&cauthor_uid=15124754
http://www.ncbi.nlm.nih.gov/pubmed/?term=Saber%20M%5BAuthor%5D&cauthor=true&cauthor_uid=15124754

Hussain S.P., Schwank J., Staib F., Wang X.W., Harris C.C (2007). TP53 mutations
and hepatocellular carcinoma: insights into the etiology and pathogenesis of liver
cancer, Oncogene, 26:2166-2176.

IARC (1993). Some naturally occurring substances: Food items and constituents,
heterocyclic amines and mycotoxins. Monographs on evaluation of carcinogenic risk to

humans, 56. International Agency for Research on Cancer Lyon, France.

IARC (1994). Hepatitis Viruses, Monographs on evaluation of carcinogenic risk to

humans, 59. International Agency for Research on Cancer Lyon, France.

IARC (1996). Some naturally occurring substances: food items and constituents,
heterocyclic aromatic amines and mycotoxins. Monographs on the Evaluation of
Carcinogenic Risks to Human, 56. International Agency for Research on Cancer, Lyon,

France.

lannacone, M., Sitia, G., Isogawa, M., Marchese, P., Castro, M.G., Lowenstein, P.R.,
Chisari, F.V., Ruggeri, Z.M., Guidotti, L.G. (2005). "Platelets mediate cytotoxic T
lymphocyte-induced liver damage”. Nature Medicine, 11 (11): 1167-9.

Jayaraman, P., Kalyanasundaram, I. (1990). Natural occurrence of toxigenic fungi and

mycotoxins in rice bran. Mycopathologia, 110: 81-85.

Johnston, D.E. (1999). "Special considerations in interpreting liver function tests".
America Family Physician 59 (8): 2223-30.

Jolly, P., Jiang, Y., Ellis, W., Awuah, R., Nnedu, O., Phillips, T., Wang, J.S., Afriyie-

Gyawu, E., Tang, L., Person, S., Williams, J., Jolly, C. (2006). Determinants of

aflatoxin levels in Ghanaians: sociodemographic factors, knowledge of aflatoxin and

76


http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2908083/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2908083/
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jolly%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jiang%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ellis%20W%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Awuah%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nnedu%20O%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Phillips%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Afriyie-Gyawu%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Afriyie-Gyawu%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tang%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Person%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Williams%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jolly%20C%22%5BAuthor%5D

food handling and consumption practices. International Journal of Hygeine and
Environmental Health. 209(4):345-58.

Kelly, J.D., Eaton, D.L., Guengerich, F.P., Coulombe, R.J. (1997.).Aflatoxin B
activation in human lung. Toxicology and Applied Pharmacology, 144:88-95.

Kew, M.C. (2003). Synergistic interaction between aflatoxin B1 and hepatitis B virus in
hepatocarcinogenesis. Liver International, 23: 405-9.

Kirby, G.M., Chemin, I., Montesano, R., Chisari, F.V., Lang, M.A., Wild, C.P. (1994).
Induction of specific cytochrome P450s involved in aflatoxin B-1 metabolism in
hepatitis-B virus transgenic mice. Molecular Carcinogenesis, 11: 74-80.

Kirk, G.D., Bah, E., Montesano R (2006). Molecular epidemiology of human liver
cancer: insights into etiology, pathogenesis and prevention from The Gambia, West
Africa. Carcinogenesis, 27: 2070-2082.

Kpodo, K. A. (1996). Mycotoxins in maize and fermented maize products in Southern
Ghana: In Proceedings of the workshop on mycotoxins in food in Africa at Cotonou,

Benin. International Institute of Tropical Agriculture, Benin, p33.

Kramer, J.W. (1989). Clinical biochemistry of Clinical enzymology. JJ Kaneko (Ed.),
domestic animals academic press ed 4, San Diego.

Kumar, M., Sarin, S.K., Hissar, S., Pande, C., Sakhuja, P., Sharma, B.C., Chauhan, R.,
Bose, S. (2008). Virologic and histologic features of chronic hepatitis B virus-infected
asymptomatic patients with persistently normal ALT. Gastroenterology, 134:1376-
1384.

77


javascript:AL_get(this,%20'jour',%20'Int%20J%20Hyg%20Environ%20Health.');
javascript:AL_get(this,%20'jour',%20'Int%20J%20Hyg%20Environ%20Health.');

Kumar, P., Lavam, S., Vera Reddy, and Waliyar, F. (2000).Management of aflatoxins
in maize; Journal of International Crops Research Institute for the Semi-Arid Tropics
(ICRISAT), Andrah, Pradesh, India.

Kumi, J., Mitchell, N. J., Asare, G. A., Dotse, E., Kwaa, F., Phillips, T. D and Ankrah,
N-A. (2014) Aflatoxins and Fumonisins Contamination of Home-Made Food
(Weanimix) From Cereal-Legume Blends for Children. Ghana Medical Journal,
43(8):121-126.

Kuang, S.Y., Lekawanvijit, S., Maneekarn, N., Thongsawat, S., Brodovicz, K., Nelson,
K., Groopman, J.D. (2005). Hepatitis B 1762T/1764A mutations, hepatitis C infection
and codon 249 p53 mutations in hepatocellular carcinomas from Thailand. Cancer

Epidemiology, Biomarkers and Prevention, 14:380-384.
Lamy, J., Baglin, M.C., Ferrant, J.P., Weill, J. (1974). "Determination of the gamma-
glutamyl transpeptidase senque of ethyl has the result of weaning. Clinica Chimica

Acta, 56: 169.

Lee, J.S. and Thorgeirsson, S.S. (2006). Comparative and Integrative functional

Genomics of Hepatocarcinoma. Oncogene, 25:3801-3809.

Lee and Mary (2009). Basic Skills in Interpreting Laboratory Data. ASHP. pp.259.

Liaw, Y.F., Chu, C.M., Su, IJ., Huang, M.J., Lin, D.Y., Chang-Chien, C.S. (1983).
Clinical and histological events preceding hepatitis B envelope antigen seroconversion
in chronic type B hepatitis. Gastroenterology, 84: 216-219.

Lim, J.S., Lee, D.H., Park, J.Y., Jin, S.H., Jacobs, D.R. (2007). "A strong interaction

between serum gamma-glutamyltransferase and obesity on the risk of prevalent type 2

78


http://books.google.com/books?id=AUSIRcV_as0C&pg=PA259
http://www.clinchem.org/content/53/6/1092.long
http://www.clinchem.org/content/53/6/1092.long

diabetes: results from the Third National Health and Nutrition Examination Survey".
Clinical Chemistry, 53 (6): 1092—-1098.

Lindenbach, B. and Rice, C. (2005). "Unravelling hepatitis C virus replication from
genome to function". Nature, 436 (7053): 933-8.

Liu, Y. and Wu, F. (2010). Global burden of aflatoxin-induced hepatocellular
carcinoma: a risk assessment. Enviromental Health Perspective, 118, 818-824.

Livingston, S.E., Simonetti, J.P., Bulkow, L.R., Homan, C.E., Snowball, M.M., Cagle,
H.H., Negus, S.E., McMahon, B.J. (2007). Clearance of hepatitis B e antigen in patients
with chronic hepatitis B and genotypes A, B, C, D, and F. Gastroenterology, 133:1452-
1457,

Lok, A.S., Lai, C.L., Wu, P.C., Leung, E.K., Lam, T.S. (1987). Spontaneous hepatitis B
envelope antigen to antibody seroconversion and reversion in Chinese patients with

chronic hepatitis B virus infection. Gastroenterology, 92:1839-1843.

Lok, A.S., Akarca, U., Greene, S. (1994). Mutations in the pre-core region of hepatitis
B virus serve to enhance the stability of the secondary structure of the pre-genome

encapsidation signal. Proceedings of the National Academy of Sciences, 91:4077-4081.
L'vova, L.S., Bystriakova, Z.K., Merkulov, E.M., Shatilova, T.I., and
Kizlenko, O.l. (1984). Possible contamination of rice grains by mycotoxins in a

temperate climate. Voprosy Pitaniia, 1: 64-68.

Maheshwari, A; Ray, S.; Thuluvath, P.J. (2008). "Acute hepatitis C". Lancet 372
(9635): 321-32.

79


http://www.ncbi.nlm.nih.gov/pubmed/?term=Negus%20SE%5BAuthor%5D&cauthor=true&cauthor_uid=17920063
http://www.ncbi.nlm.nih.gov/pubmed/?term=McMahon%20BJ%5BAuthor%5D&cauthor=true&cauthor_uid=17920063

Marriott, N.G. (1999). Principles of food sanitation. Gaithersburg, MD: American

Society for Parenteral and Enteral Nutrition Publications. p 364.

Martinot-Peignoux, M., Boyer, N., Colombat, M., Akremi, R., Pham, B.N., Ollivier S,
Castelnau, C., Valla, D., Degott, C., Marcellin, P. (2002). Serum hepatitis B virus DNA
levels and liver histology in inactive HBsAg carriers. Journal of Hepatology, 36:543-
546.

Mclean, M. (1995). The phytotoxicity of selected mycotoxins on mature, germinating

Zea mays embryos. Mycopathologia, 132 (3):173-83.

McClatchey, Kenneth D. (2002). Clinical laboratory medicine. Lippincott Williams &
Wilkins. 2 ed, pp.288.

McMahon, B.J. (2005). Epidemiology and natural history of hepatitis B. Seminars in
Liver Diseases, 25(Suppl 1):3-8.

Meister, A. (1974). "The gamma-glutamyl cycle. Diseases associated with specific

enzyme deficiencies"”. Annals of Internal. Medicine. 81 (2): 247-53.

Mitchell, N.J., Kumi, J., Aleser, M., Elmore, S.E., Rychlik, K.A., Zychowski, K.E.,
Romoser, A.A., Phillips, T.D., Ankrah, N.A. (2014). Short-Term Safety and Efficacy of
Calcium Montmorillonite Clay (UPSN) in Children. American Journal of Tropical
Medicine and Hygiene, 91 (4): 777-785.

Mizrak Dilsa, Baflak Engin, Fatih Oguz, Onder, Burcu Yener, Mehmet Bektas, Zeynep
Biyikli, Ramazan Idleman, Kubilay Cinar, Kaan Karayalcin, Sad>k Ersoz, Selim
Karayalcin, Ali Ozden, Cihan Yurdaydin, Nuray Yazihan, Haluk Ataoglu, Hakan

Hifnawy, MS, Mangoud AM, Eissa MH, Edin EN, Mostafa Y,Abouel-magd Y, Sabee
El, Amin L., Ismail, A., Morsy, T.A., Mahrous, S., Afefy, A.F., EI-Shorbagy, E., El-

80


https://www.google.com.gh/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&ved=0CCsQFjACahUKEwjR5Kmx6YfGAhVncNsKHRE0AAc&url=https%3A%2F%2Fwww.nutritioncare.org%2F&ei=YZd5VZGwOufg7QaR6IA4&usg=AFQjCNEXr5aI5yt39S6VzpePBHZ9wzACQQ&sig2=-4yLbDsT69VTTrSa_o7cAA&bvm=bv.95277229,d.ZGU
https://www.google.com.gh/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&ved=0CCsQFjACahUKEwjR5Kmx6YfGAhVncNsKHRE0AAc&url=https%3A%2F%2Fwww.nutritioncare.org%2F&ei=YZd5VZGwOufg7QaR6IA4&usg=AFQjCNEXr5aI5yt39S6VzpePBHZ9wzACQQ&sig2=-4yLbDsT69VTTrSa_o7cAA&bvm=bv.95277229,d.ZGU
http://www.ncbi.nlm.nih.gov/pubmed/?term=Castelnau%20C%5BAuthor%5D&cauthor=true&cauthor_uid=11943427
http://www.ncbi.nlm.nih.gov/pubmed/?term=Valla%20D%5BAuthor%5D&cauthor=true&cauthor_uid=11943427
http://www.ncbi.nlm.nih.gov/pubmed/?term=Degott%20C%5BAuthor%5D&cauthor=true&cauthor_uid=11943427
http://www.ncbi.nlm.nih.gov/pubmed/?term=Marcellin%20P%5BAuthor%5D&cauthor=true&cauthor_uid=11943427
http://www.ncbi.nlm.nih.gov/pubmed?term=%22McLean%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/20882449
http://books.google.com/books?id=3PJVLH1NmQAC&pg=PA288
http://www.ncbi.nlm.nih.gov/pubmed?term=Mitchell%20NJ%5BAuthor%5D&cauthor=true&cauthor_uid=25135766
http://www.ncbi.nlm.nih.gov/pubmed?term=Kumi%20J%5BAuthor%5D&cauthor=true&cauthor_uid=25135766
http://www.ncbi.nlm.nih.gov/pubmed?term=Aleser%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25135766
http://www.ncbi.nlm.nih.gov/pubmed?term=Elmore%20SE%5BAuthor%5D&cauthor=true&cauthor_uid=25135766
http://www.ncbi.nlm.nih.gov/pubmed?term=Rychlik%20KA%5BAuthor%5D&cauthor=true&cauthor_uid=25135766
http://www.ncbi.nlm.nih.gov/pubmed?term=Zychowski%20KE%5BAuthor%5D&cauthor=true&cauthor_uid=25135766
http://www.ncbi.nlm.nih.gov/pubmed?term=Romoser%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=25135766
http://www.ncbi.nlm.nih.gov/pubmed?term=Phillips%20TD%5BAuthor%5D&cauthor=true&cauthor_uid=25135766
http://www.ncbi.nlm.nih.gov/pubmed?term=Ankrah%20NA%5BAuthor%5D&cauthor=true&cauthor_uid=25135766
http://www.ncbi.nlm.nih.gov/pubmed/25135766
http://www.ncbi.nlm.nih.gov/pubmed/25135766

Sadawy, M., Ragab, H., Hassan, M.I., el-Hady, G., Saber, M. (2004). The role of
aflatoxin-contaminated food materials and HCV in developing hepato-cellular
carcinoma in Al-Sharkia governorate, Egypt. Journal of the Egyptian Society of
Parasitology, 34:479-488.

Mohgah, S.H., Abdalla, 1. Amal Saad-Hussein, Wafaa, G.H., Shousha,L, Gehan
Moubarz and Aya, H. (2014). Hepatotoxic effects of aflatoxin in workers exposed to
wheat flour dust. Egyptian Journal of Environmental Research, Vol. 2: 51-56.

Mueller, S.; Millonig, G.; Seitz, H.K. (2009). "Alcoholic liver disease and hepatitis C:
a frequently underestimated combination”. World journal of gastroenterology, 15 (28):
3462-71.

National Library of Medicine (2011). Medical Subject Headings, Virus Diseases
(C02) Hepatitis, Viral, Human (C02.440) .Scope Note.

Nesbitt, B.; Kelly, K.; Sargeant, K. and Sheridan, A. (1962). Toxic metabolites of
Aspergillus flavus. Nature, 195: 1062-1063.

Nelson, P.K.; Mathers, B.M.; Cowie, B.; Hagan, H.; Des-Jarlais, D.; Horyniak, D.;
Degenhardt, L. (2011). Global epidemiology of hepatitis B and hepatitis C in people
who inject drugs: results of systematic reviews". Lancet, 378 (9791): 571-83.

Nicot, F., Kamar, N., Rostaing, L., Izopet, J. (2011). Occult Hepatitis C Virus Infection:
Where are We Now?, Liver Biopsy in Modern Medicine, Dr. Yoshiaki Mizuguchi
(Ed.), ISBN: 978-953-307-883-0, InTech, DOI: 10.5772/20283.

Nkrumah, B., Owusu, M., Frempong, H.O. and Averu, P. (2011) Hepatitis B and C
viral infections among blood donors from rural Ghana. Ghana Medical Journal, 47 (:3)

pg 97-100.
81


http://www.wjgnet.com/downpdf.asp?url=/1007-9327/15/3462
http://www.wjgnet.com/downpdf.asp?url=/1007-9327/15/3462
http://www.nlm.nih.gov/cgi/mesh/2011/MB_cgi?mode=&index=6261&view=expanded
http://www.nlm.nih.gov/cgi/mesh/2011/MB_cgi?mode=&index=6261&view=expanded
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3285467
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3285467

Nyblom, H., Bjérnsson, E., Simrén, M., Aldenborg, F., Almer , S., Olsson, R. (2006).
"The AST/ALT ratio as an indicator of cirrhosis in patients with PBC". Liver
International, 26 (7): 840-845.

Omer R.E., Kuijsten A., Kadaru A.M.Y, Kok F.J., Idris, M.O., EI-Khidir .M.,

Pieter van 't Veer (2004). Population-attributable risk of dietary aflatoxins and hepatitis
B virus infection with respect to hepatocellular carcinoma. Nutrition and Cancer, 48
15-21.

Ozaras, R. and Tahan., V. (2009). "Acute hepatitis C: prevention and treatment".
Expert review of anti-infective therapy 7 (3): 351-61.

Ozturk, M. (1991). p53 mutation in hepatocellular carcinoma after aflatoxin exposure.
Lancet, 338:1356.

Paradis, V. and Bedossa, P. (2008). "Definition and natural history of metabolic
steatosis: histology and cellular aspects." Diabetes & metabolism 34 (6 Pt 2): 638—42.

Paredes. A.H. and Lewis, J.H. (2007). Terbinafine-induced autoimmune hepatitis in the

setting of hepatitis B virus infection. Annals of Pharmacotherapy, 41:880-884.

Parkin, D.M., Bray, F., Ferlay, J., Pisani, P. (2005). Global cancer statistics, 2002. CA

Cancer Journal for Clinicians, 55:74-108.

Park, D.L. (2002). Effect of processing on aflatoxin. Advances in. Experimental
Medicine and. Biology, 504: 173-179.

Pelczar, J.R., M. J.,, Chan, E. C. S., Krieg, N. R., Pelczar, M. F. and Edwards, D
(1993). Microbiology: Concepts and Applications, McGraw-Hill, Inc. p 279-286.

82


https://www.researchgate.net/profile/Pieter_Veer
https://www.researchgate.net/profile/Pieter_Veer
https://www.researchgate.net/profile/Pieter_Veer
https://www.researchgate.net/profile/Pieter_Veer
https://www.researchgate.net/profile/Pieter_Veer
http://aop.sagepub.com/

Perz, J.F., Armstrong, G.L., Farrington, L.A., Hutin Y.J., Bell, B.P. (2006). The
contributions of hepatitis B virus and hepatitis C virus infections to cirrhosis and

primary liver cancer worldwide. Journal of Hepatology, 45 (4):529-538.

Phillips, T.D., Clement, B.A., Kubena, L.F., Harvey, R.B (1990). Detection and
detoxification of aflatoxins: prevention of aflatoxicosis and aflatoxin residues with

hydrated sodium calcium aluminosilicate. Veterinary and Human Toxicology, 32:15-19.

Plymoth, A., Viviani, S., Hainaut, P. (2009). Control of hepatocellular carcinoma
through Hepatitis B vaccination in areas of high endemicity: perspectives for global

liver cancer prevention. Cancer Lettetrs, 286(1):15-21.

Public Private Partnership Program between Ministry Of Local Governments
And Rural Development (2006). Maks Publications & Media services

www.ghanadistrict.com/district 2006.

Qian, G.S,, Ross, R.K., Yu M.C., Yuan, J.M., Gao, Y.T., Henderson, B.E., Wogan,
G.N., Groopman, J.D. (1994). A follow-up study of urinary markers of aflatoxin
exposure and liver cancer risk in Shanghai, People’s Republic of China. Cancer

Epidemiology Biomarkers Prevention, 3: 3-10.

Raulf, M., Stiining, M., Kbénig, W. (1985). "Metabolism of leukotrienes by L-gamma-
glutamyl-transpeptidase and dipeptidase from human polymorphonuclear granulocytes”.
Immunology, 55 (1): 135-47.

Ray, C. Thomas, David L. (2009). Hepatitis C". In Mandell, Gerald L.; Bennett, John

E.; Dolin, Raphael. Mandell, Douglas, and Bennett's principles and practice of
infectious diseases (7th ed.). Philadelphia, PA: Churchill Livingstone.

83


http://www.ghanadistrict.com/district
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1453575
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1453575

Robens, J.F., and Richard, J.L. (1992). Aflatoxins in animal and human health.

Reviews of Environmental Contamination and Toxicology, 127: 69-94.

Rosa, C.A., Miazzo, R., Magnoli, C., Salvano, M., Chiacchiera, S.M., Ferrero, S.,
Saenz, M., Carvalho, E.C., Dalcero, A. (2001). Evaluation of the efficacy of bentonite
from the south of Argentina to ameliorate the toxic effects of aflatoxin in broilers.
Poultry Science, 80: 139-144.

Rosalki, S.B., Tarlow, D., Rau, D. (1971). "Plasma gamma-glutamyl transpeptidase

elevation in patients receiving enzyme-inducing drugs". Lancet, 2 (7720): 376-7.

Ross, R.K., Yuan, J.M., Yu, M.C., Wogan, G.N., Qian, G.S., Tu, J.T., Groopman, J.D.,
Gao, Y.T., Henderson, B.E. (1992). Urinary aflatoxin biomarkers and risk of

hepatocellular carcinoma. Lancet, 339: 943-946.

Rosen, H.R. (2011). "Clinical practice. Chronic hepatitis C infection”. The New
England Journal of Medicine, 364 (25): 2429-38.

Ruttmann. E., Brant, L.J., Concin, H., Diem, G., Rapp, K., Ulmer, H. (2005).
"Gamma-glutamyltransferase as a risk factor for cardiovascular disease mortality: an
epidemiological investigation in a cohort of 163,944 Austrian adults”. Circulation, 112
(14): 2130.

Sargeant, K., Sheridan, J. O’Kelly, J. and Carnaghan, R. B. A. (1961). Toxicity
associated with certain samples of groundnuts. Nature, Vol.192, pp.1096-1097.

Setamou, M., Cardwell, K. F., Schulthess, F. and Hell, K. (1997). Aspergillus flavus

infection and aflatoxin contamination of preharvest maize in Benin. Plant Disease, 81:
1323 - 1327.

84


http://www.sciencedirect.com/science/article/pii/S0140673671900936
http://www.sciencedirect.com/science/article/pii/S0140673671900936

Setamou, M., Cardwell, K. F., Schulthess, F. and Hell, K. (1998). Effect of insect
damage to maize ears, with special reference to Mussida nigrivenella on Aspergillus
flavus infection and aflatoxin production in maize before harvest in the Republic of
Benin. Journal of Economic Entomology, 91; 433-438.

Smela, M.E., Currier, S.S., Bailey E.A., Essigmann J.M. (2001). The chemistry and
biology of aflatoxin B(1): from mutational spectrometry to carcinogenesis.
Carcinogenesis, 22(4):535-45.

Shapira, R., Paster, N., Eyal, O., Menasherov, M., Mett, A., Salomon, R. (1996).
Detection of aflatoxigenic molds in grains by PCR. Applied and Environmental
Microbiology, 62: 3270-3273.

Siriacha, P., Kawashima, K., Kawasugi, S., Saito, M. and Tomboon-1.K. (1989).
Contamination of Thai corn with Aspergillus flavus. Cereal Chemistry, 66:445-448.

Springer Verlag. (2011). Chronic Hepatitis C Virus Advances in Treatment, Promise
for the Future. p.4.

Sun, C.A.,, Wang, L.Y., Chen, CJ., Lu, S.N., You, S.L., Wang, L.W., Wang, Q., Wu,
D.M., Santella, R.M.(2001). Genetic polymorphisms of glutathione-S-transferases M1
and T1 associated with susceptibility to aflatoxin-related carcinogenesis among chronic
hepatitis B carriers: a nested case-control study in Taiwan. Carcinogenesis, 22: 1289-
94.

Sun, C.A., Wu, D.M., Wang, L.Y., Chen, CJ., You, S.L., Santella, R.M. (2002).

Determinants of formation of aflatoxin-albumin adducts: a seven-township study in
Taiwan. British Journal of Cancer; 87:966-970.

85


http://books.google.ca/books?id=6G7mff5DnBQC&pg=PA4
http://books.google.ca/books?id=6G7mff5DnBQC&pg=PA4
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sun%20CA%5BAuthor%5D&cauthor=true&cauthor_uid=11470760
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20LY%5BAuthor%5D&cauthor=true&cauthor_uid=11470760
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20CJ%5BAuthor%5D&cauthor=true&cauthor_uid=11470760
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lu%20SN%5BAuthor%5D&cauthor=true&cauthor_uid=11470760
http://www.ncbi.nlm.nih.gov/pubmed/?term=You%20SL%5BAuthor%5D&cauthor=true&cauthor_uid=11470760
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20LW%5BAuthor%5D&cauthor=true&cauthor_uid=11470760
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=11470760
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wu%20DM%5BAuthor%5D&cauthor=true&cauthor_uid=11470760
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wu%20DM%5BAuthor%5D&cauthor=true&cauthor_uid=11470760
http://www.ncbi.nlm.nih.gov/pubmed/?term=Santella%20RM%5BAuthor%5D&cauthor=true&cauthor_uid=11470760

Tseng, T. (1994). Recent aspects of aflatoxin Research in Taiwan. Journal of

Toxicology Toxin Reviews; 13: 229-41.

Udoh, J.M., Cardwell, K.F., Ikotun, T. (2000). Storage structures and aflatoxin content
of maize in five agroecological zones of Nigeria. Journal of Stored Products Research,
36: 187-201.

Wang, D.S., Liang, Y.X., Nguyen, T.C., Le, D.D., Tanaka, T., Ueno, Y. (1995).
Natural co-occurrence of Fusarium toxins and aflatoxin B1 in corn for feed in north
Vietnam. National Toxins, 3: 445-449.

Wang, L.Y., Hatch M., Chen C.J., Levin B., You S.L., Lu S.N, Wu M.H., Wu W.P.,
Wang, L.W., Wang, Q., Huang, G.T, Yang, P.M., Lee, H.S., Santella, R.M. (1996).
Aflatoxin exposure and risk of hepatocellular carcinoma in Taiwan. International
Journal of Cancer, 67 620-625.

Wang, J.S., Huang, T., Su, J., Liang, F., Wei, Z., Liang, Y., Luo, H., Kuang, S.Y.,
Qian, G.S., Sun, G., He, X., Kensler, T.W., Groopman, J.D.(2001). Hepatocellular
carcinoma and aflatoxin exposure in Zhuqing Village, Fusui County, People’s Republic

of China. Cancer Epidemiology, Biomarkers and Prevention, 10 (2) 143-6.

Wang, P., Afriyie-Gyawu, E., Tang, Y., Johnson, N.M., Xu, L., Tang, L., Huebner,
H.J., Ankrah, N.A., Ofori-Adjei, D., Ellis, W., Jolly, P.E., Williams, J.H., Wang, J.S.,
Phillips, T.D. (2008). NovaSil clay intervention in Ghanaians at high risk for
aflatoxicosis: Il. Reduction in biomarkers of aflatoxin exposure in blood and urine.
Food Additive and Contaminants, 25(5):622-34.

Whalley, S.A., Murray, J.M., Brown, D., Webster, G.J., Emery, V.C., Dusheiko, G.M.,
Perelson, A.S.(2001) Kinetics of acute hepatitis B virus infection in humans. Journal of
Experimental Medicine, 193: 847-54.

86


http://www.ncbi.nlm.nih.gov/pubmed/?term=Wu%20MH%5BAuthor%5D&cauthor=true&cauthor_uid=8782648
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wu%20WP%5BAuthor%5D&cauthor=true&cauthor_uid=8782648
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20LW%5BAuthor%5D&cauthor=true&cauthor_uid=8782648
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=8782648
http://www.ncbi.nlm.nih.gov/pubmed/?term=Huang%20GT%5BAuthor%5D&cauthor=true&cauthor_uid=8782648
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20PM%5BAuthor%5D&cauthor=true&cauthor_uid=8782648
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20HS%5BAuthor%5D&cauthor=true&cauthor_uid=8782648
http://www.ncbi.nlm.nih.gov/pubmed/?term=Santella%20RM%5BAuthor%5D&cauthor=true&cauthor_uid=8782648
http://www.ncbi.nlm.nih.gov/pubmed/?term=Liang%20F%5BAuthor%5D&cauthor=true&cauthor_uid=11219772
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wei%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=11219772
http://www.ncbi.nlm.nih.gov/pubmed/?term=Liang%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=11219772
http://www.ncbi.nlm.nih.gov/pubmed/?term=Luo%20H%5BAuthor%5D&cauthor=true&cauthor_uid=11219772
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kuang%20SY%5BAuthor%5D&cauthor=true&cauthor_uid=11219772
http://www.ncbi.nlm.nih.gov/pubmed/?term=Qian%20GS%5BAuthor%5D&cauthor=true&cauthor_uid=11219772
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sun%20G%5BAuthor%5D&cauthor=true&cauthor_uid=11219772
http://www.ncbi.nlm.nih.gov/pubmed/?term=He%20X%5BAuthor%5D&cauthor=true&cauthor_uid=11219772
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kensler%20TW%5BAuthor%5D&cauthor=true&cauthor_uid=11219772
http://www.ncbi.nlm.nih.gov/pubmed/?term=Groopman%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=11219772
http://www.ncbi.nlm.nih.gov/pubmed?term=Wang%20P%5BAuthor%5D&cauthor=true&cauthor_uid=18478481
http://www.ncbi.nlm.nih.gov/pubmed?term=Afriyie-Gyawu%20E%5BAuthor%5D&cauthor=true&cauthor_uid=18478481
http://www.ncbi.nlm.nih.gov/pubmed?term=Tang%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=18478481
http://www.ncbi.nlm.nih.gov/pubmed?term=Johnson%20NM%5BAuthor%5D&cauthor=true&cauthor_uid=18478481
http://www.ncbi.nlm.nih.gov/pubmed?term=Xu%20L%5BAuthor%5D&cauthor=true&cauthor_uid=18478481
http://www.ncbi.nlm.nih.gov/pubmed?term=Tang%20L%5BAuthor%5D&cauthor=true&cauthor_uid=18478481
http://www.ncbi.nlm.nih.gov/pubmed?term=Huebner%20HJ%5BAuthor%5D&cauthor=true&cauthor_uid=18478481
http://www.ncbi.nlm.nih.gov/pubmed?term=Huebner%20HJ%5BAuthor%5D&cauthor=true&cauthor_uid=18478481
http://www.ncbi.nlm.nih.gov/pubmed?term=Ankrah%20NA%5BAuthor%5D&cauthor=true&cauthor_uid=18478481
http://www.ncbi.nlm.nih.gov/pubmed?term=Ofori-Adjei%20D%5BAuthor%5D&cauthor=true&cauthor_uid=18478481
http://www.ncbi.nlm.nih.gov/pubmed?term=Ellis%20W%5BAuthor%5D&cauthor=true&cauthor_uid=18478481
http://www.ncbi.nlm.nih.gov/pubmed?term=Jolly%20PE%5BAuthor%5D&cauthor=true&cauthor_uid=18478481
http://www.ncbi.nlm.nih.gov/pubmed?term=Williams%20JH%5BAuthor%5D&cauthor=true&cauthor_uid=18478481
http://www.ncbi.nlm.nih.gov/pubmed?term=Wang%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=18478481
http://www.ncbi.nlm.nih.gov/pubmed?term=Phillips%20TD%5BAuthor%5D&cauthor=true&cauthor_uid=18478481
http://www.ncbi.nlm.nih.gov/pubmed/18478481
http://www.ncbi.nlm.nih.gov/pubmed/?term=Webster%20GJ%5BAuthor%5D&cauthor=true&cauthor_uid=11283157
http://www.ncbi.nlm.nih.gov/pubmed/?term=Emery%20VC%5BAuthor%5D&cauthor=true&cauthor_uid=11283157
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dusheiko%20GM%5BAuthor%5D&cauthor=true&cauthor_uid=11283157
http://www.ncbi.nlm.nih.gov/pubmed/?term=Perelson%20AS%5BAuthor%5D&cauthor=true&cauthor_uid=11283157

Wild, C.P, Hudson, G.J., Sabbioni, G., Chapot, B., Hall, A.J., Wogan, G.N., Whittle,
H., Montesano, R., Groopman, J.D. (1992). Dietary intake of aflatoxins and the level of
albumin-bound aflatoxin in peripheral blood in The Gambia, West Africa. Cancer
Epidemiology, Biomarkers and Prevention, 1: 229-234.

Wild, C.P., Fortuin, M., Donato, F., Whittle H.C., Hall, A.J., Wolf, C.R., Montesano,
R. (1993). Aflatoxin, liver enzymes, and hepatitis B virus infection in Gambian

children. Cancer Epidemiology, Biomarkers and Prevention, 2:555-561.

Wild, C.P. and Montesano, R. (2009). A model of interaction: aflatoxins and hepatitis
viruses in liver cancer aetiology and prevention. Cancer Letters, 286:22—28.

Wild, C.P. and Gong, Y.Y. (2010). Mycotoxins and human disease: a largely ignored
global health issue. Carcinogenesis, 31:71-82.

Williams, J.H., Phillips, T.D., Jolly, P.E., Stiles, J.K., Jolly, C.M., Aggarwal, D.
(2004). Human aflatoxicosis in developing countries: a review of toxicology, exposure,
potential health consequences and interventions. American Journal of Clinical

Nutrition., 80: 1106-1122.

Wilkins, T.; Malcolm, J.K.; Raina, D.; Schade, R.R. (2010). "Hepatitis C: diagnosis
and treatment". American family physician, 81 (11): 1351-7.

Wiredu, E.K. and Armah H.B. (2006). Cancer mortality patterns in Ghana: a 10-year
review of autopsies and hospital mortality BMC Public Health, 6:159.

World Health Organization (2008). Fact Sheet on hepatitis B revised.

World Health Organisation (2014). Hepatitis B Fact sheet N 204".

87


http://www.aafp.org/afp/2010/0601/p1351.pdf
http://www.aafp.org/afp/2010/0601/p1351.pdf
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wiredu%20EK%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Armah%20HB%5Bauth%5D
http://www.who.int/mediacentre/factsheets/fs204/en/

Wu, H.C., Wang, Q., Wang, L.W., Yang, H.l, Ahsan, H., Tsai, W.Y., Wang, L.Y.,
Chen, S.Y,, Chen, C.J., Santella, R.M. (2007).Urinary 8-oxodeoxyguanosine, aflatoxin
B-1 exposure and hepatitisB virus infection and hepatocellular carcinoma in Taiwan.
Carcinogenesis, 28: 995-999.

Yang, H.I., Lu, S.N., Liaw, Y.F., You, S.L., Sun, C.A., Wang U.Y., Hsiao, K. C.,
Chen, P,J., Chen, D.S., and Chen, C.J. (2002). Hepatitis B e antigen and the risk of
hepatocellular carcinoma. New England Journal of Medicine, 347:168-174.

Yoshizawa, T. and Yamashita, A., Chokethaworn, N (1996). Occurrence of
fumonisins and aflatoxins in corn from Thailand. Food Additive and Contaminants,
13: 163-168.

Yu, M.W,, Lien, J.P., Chiu, Y.H, Santella, R.M., Liaw, Y.F., Chen, C.J. (1997). Effect
of aflatoxin metabolism and DNA adduct formation on hepatocellular carcinoma among
chronic hepatitis B carriers in Taiwan. Journal of Hepatology, 27:120-30.

Zacharakis, G.H., Koskinas, J., Kotsiou, S., Papoutselis, M., Tzara, F., Vafeiadis, N.,
Archimandritis, A.J., Papoutselis, K. (2005). Natural history of chronic HBV infection:
A cohort with with upto 12 years folllow-up in North Greece (Part of the Interreg I-
[I/ECProject). Journal of Medical Virology, 77:173-179.

Zaltron, S.; Spinetti, A.; Biasi, L.; Baiguera, C.; Castelli, F. (2012). "Chronic HCV
infection: epidemiological and clinical relevance.” BMC infectious diseases. 12 Suppl 2:
S2.

Zhou T.L., Evans A.A., London W.T., Xia X.L., Zou H.Q., Shen F.M., Clapper,

M.L. (1997). Glutathione S-transferase expression in hepatitis B virus-associated human

hepatocellular carcinogenesis. Cancer Research, 57: 2749-2753.

88


http://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20LY%5BAuthor%5D&cauthor=true&cauthor_uid=17127712
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20SY%5BAuthor%5D&cauthor=true&cauthor_uid=17127712
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20CJ%5BAuthor%5D&cauthor=true&cauthor_uid=17127712
http://www.ncbi.nlm.nih.gov/pubmed/?term=Santella%20RM%5BAuthor%5D&cauthor=true&cauthor_uid=17127712
http://www.ncbi.nlm.nih.gov/pubmed/?term=Archimandritis%20AJ%5BAuthor%5D&cauthor=true&cauthor_uid=16121378
http://www.ncbi.nlm.nih.gov/pubmed/?term=Papoutselis%20K%5BAuthor%5D&cauthor=true&cauthor_uid=16121378

APPENDICE

PARTICIPANT INFORMATION AND CONSENT FORM

This leaflet must be given to all prospective participants to enable them know enough

about the research before deciding to or not to participate.

Title of Research: Aflatoxin levels in Adults with Viral Hepatitis Infection in the Ejura

Sekyedumase District of Ghana

Name(s) and affiliation(s) of researcher(s): This study is being conducted by Justice
Kumi of the Department of Chemical Pathology, School of Biomedical and Allied
Health Sciences, College of Health Sciences, University of Ghana, as part of Master of
Philosophy (MPhil.) Degree in Chemical Pathology.

You have been invited to take part in a research study on exposure of aflatoxin and viral
hepatitis and the risk factors associated. The researcher will first explain the study and
will ask you to participate by signing this agreement which states that the study has
been explained, that your questions have been answered and that you agree to
participate. The researcher will explain the purpose of the study. He or she will explain
how the study will be carried out and what you will be expected to do.

The researcher will also explain the possible risks and benefits of participating in the
study. You should ask the researcher any questions you have about any of these things
before you decide whether you wish to take part in the study. Please read the form and

talk to the researcher about any questions you may have. Then, if you decide to

89



participate, please sign and date this form in front of the person who explained the study

to you. You will be given a copy of this form to keep.

Background: The global burden of hepatitis B is high, with about two billion people
exposed worldwide and about 350 million individuals with chronic infection and at risk
for complications. Acute or chronic hepatitis B viral (HBV) infection is estimated to
cause 600,000 deaths each year, and about 25% of chronically infected adults later die
from cirrhosis or liver cancer. About 3—4 million people are infected with hepatitis C
each year, and more than 350,000 people die yearly from hepatitis C-related diseases
(WHO, 2011) An estimated 170 million people worldwide are chronically infected with
hepatitis C virus. The consumption of foodstuffs contaminated by aflatoxins may lead
to hepatotoxic or carcinogenic effect particularly in the context of coexisting with
chronic HBV infection Aflatoxin exposure may be associated with advanced liver

disease in chronic hepatitis C patients in HCV-endemic regions

Purpose(s) of research: The purpose of this study is to determine the exposure of
aflatoxin in Adults with viral hepatitis in Ejura Sekyedumase district and to offer them

counseling about the dangers of aflatoxin poisoning and the incidence of viral hepatitis.

Procedure of the research, what shall be required of each participant and
approximate total number of participants that would be involved in the research:
You will be asked to provide blood sample (about 5mls). A trained biomedical

laboratory scientist will insert a needle into your vein in one of your arms and draw
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some blood. This may cause pain, and discomfort at the site of needle insertion. Your
blood sample will be tested for hepatitis B virus, hepatitis C virus, and liver markers
(serum alanine aminotransferase, serum aspartate aminotransferase serum albumin and
Gamma-glutamyl transferase). Spot urine (30mls) samples will also be taken from you
into a sterile urine cup. The urine samples will used to measure aflatoxin M1. The

researchers will notify you when the results are ready to share the results with you.

Risk(s): By participating in this research, you are likely to have some slight pain from
the collection of blood. The procedure of blood drawing for laboratory test sample can
be associated with rare risks including bruising, bleeding or skin infection. Before blood
collection, your arm will be cleaned with alcohol and a new hollow needle/plastic tube
will be placed in your arm to take the blood samples. When the needle goes into a vein,
it hurts for a short time. The study team will try and decrease the chances of those
risks/dangers happening, but if an untoward event happens, you will be immediately

managed by a study physician and will be provided with free medical care in hospital.

Benefits(s): There are no direct benefits to the study participants. However, as part of
the objectives of the goal, we hope that the data generated will form the firm basis to
find appropriate interventions that will help reduce the risk of possible liver diseases

with incidence of aflatoxins.

Confidentiality: All of your records from this study will be treated as confidential

medical records. The medical results with participant’s name and identifying
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information will only be available to me, the principal investigators and the study
supervisors. Information collected on study forms and database will be given code
numbers. No name will be recorded on the research forms or in the electronic database.
The findings of this study may be reported in publications or reports but your name will
not be mentioned. However, as part of my responsibility to conduct this research
properly, 1 may allow officials from the ethics committees or the safety committee to
have access to your records.

The blood and urine samples will be stored in an ice-chest and transported to the
laboratory (Noguchi Memorial Institute for Medical Reseach). The remaining blood and
urine samples will be destroyed three (3) years after all study analyses have been
completed. All the blood and urine samples will be labeled with a code so that your

identity is not revealed to the people who do the tests.

Voluntariness: You do not have to take part in this research if you do not wish to do
so. Taking part in this study should be out of your own free will. You are not under

obligation to do so. Research is entirely voluntary.

Alternatives to participation: This study does not involve the administration of

investigational drugs or use of new curative procedures.

Withdrawal from the research: You may choose to stop participating in this research
at any time that you wish to, without having to explain yourself. You may also choose

not to answer any question you find uncomfortable or private.
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Consequence of Withdrawal: There will be no consequence, loss of benefit or care to

you if you choose to withdraw from the study.

Contact(s): If you have any questions you may ask those now or later. If you wish to
ask questions later, you may contact: Justice Kumi, School of Biomedical and Allied
Health Sciences, Chemical Pathology Department, University of Ghana, on

0244876215.

| have read the foregoing information, or it has been read to me. | have had the
opportunity to ask questions about it and any questions that | have asked have been
answered to my satisfaction. | consent voluntarily to participate as a subject in this
study and understand that | have the right to withdraw from the study at any time

without in any way affecting my migration status in the community.

Signedby........ccvviiiiin. Date........ooovvviiiinnn, Place.......ccooovviiiiiii.

If illiterate;

Thumbprint: .....ccccvviniiiiiiiiniiiniiinnenn

In the presence of an independent literate witness:

Signature

(Where possible this person should be selected by the participant)



University of Ghana http://ugspace.ug.edu.gh
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