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Abstract

The burden of hepatocellular carcinoma (HCC) has been increasing in Egypt with a doubling in the incidence rate in the past 10 years. This
has been attributed to several biological (e.g. hepatitis B and C virus infection) and environmental factors (e.g. aflatoxin, AF). Other factors such
as cigarette smoking, occupational exposure to chemicals such as pesticides, and endemic infections in the community, such as schistosomiasis,
may have additional roles in the etiology or progression of the disease. Estimates of the burden of cancer caused by these factors provide an
opportunity for prevention. Previously, there was strong evidence that hepatitis B virus (HBV) was the major cause of HCC in Egypt, but more
recently HCV has become the predominant factor associated with the more recent epidemic of HCC. It has been well documented that Egypt has
one of the highest prevalence rates of HCV infection in the world. The natural history of HCV infection and disease progression, however, are
influenced by additional factors such as duration of infection, age at infection, sex, co-infection with HBV, the level of HCV viraemia and its
genotype. The role of exposure to aflatoxins and development of HCC in Egypt was historically less clear. Nevertheless, recent food sampling
surveys and population-based studies indicated that exposure to aflatoxins in Egypt may have been underestimated in the past. Recent results
indicated that both local and imported samples were positive for aflatoxin B1 (AFB1, 17.5% and 20%, respectively), with concentrations
ranging from 3 to 25 pg/kg. The level of AFB1 was dependent on the area of collection as well as the season of the year. In a population-based
study, the level and frequency of aflatoxin M1 (AFM1, a major metabolite of aflatoxin B1 excreted in breast milk) was assessed as a biomarker
of maternal exposure. The samples were collected from a selected group of 388 Egyptian lactating mothers during May—September 2003. Non-
working status, obesity, high corn oil consumption, and the number of offspring contributed to the variability in occurrence of AFM1 in breast
milk. Prevention and intervention approaches directed to risk factors of HCC can play a critical role in its prevention. In the case of HCV
infection a prevention programme can be achieved by changing personal behaviors and/or cultural habits which are risk factors for HCV
transmission, such as injection with contaminated syringes, blood transfusion, surgical operations, venous catheterization, use of common
syringes, dental treatment and circumcision at home. Prevention of exposure to aflatoxins can be achieved either at community (via good
agriculture practices) or individual levels (treatment or dietary interventions). In conclusion, due to the alarming increase in the incidence of
HCC in Egypt, there is a need to further investigate the contribution of these emerging risk factors to the development of HCC in Egypt. This
may enable us to determine the susceptibility to HCC among high-risk groups and to provide these individuals with effective measures for early
prevention or intervention.
© 2008 Elsevier B.V. All rights reserved.
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1. Introduction

Hepatocellular carcinoma (HCC) is a major cause of cancer
death worldwide, accounting for over half a million deaths per
year [1,2]. The geographic pattern of HCC incidence is parallel
to exposure to viral etiologic factors. Its incidence is increasing,
ranging between 3% and 9% annually depending on the
geographical location [3], and variability in the incidence rates
correspond closely to the prevalence and pattern of the primary
etiologic factors. According to recent reports, the incidence of
HCC has increased sharply in the last 5-10 years [3-5], with an
especially high incidence in Egypt [6].

Chronic infections with HBV or HCV have both been
recognized as human liver carcinogens with a combined
attributable fraction of at least 75% of all HCC cases [1]. HBV
is considered as a major risk factor for the progression to liver
cirrhosis and HCC [7]. The relative risk of developing HCC for
HBYV carriers may be 100-200-fold higher than that for non-
carriers [8]. HCV is also an important etiologic factor for HCC,
with an estimated attributable fraction of 23% [9]. Yates et al.
[10] reported that 67% of HCC patients were HCV seropositive
compared to 30% of the controls. Several lines of evidence
indicate a strong causal association between HCV and HCC, as
shown by the raised prevalence of anti-HCV [3,11] and/or
HCV-RNA [12] in patients with HCC.

The role of HBV infection in pathogenesis of HCC differs
from that of HCV infection; HBV-DNA genome integrates in
hepatocyte chromosomes [13]. The fundamental mechanism by
which HCV is related to HCC is not definitely known. Most
researchers believe that HCV plays an indirect role in
hepatocarcinogenesis through production of cirrhosis with
chronic inflammation leading to severe liver damage [14,15].
More recently, however, some reports suggest a direct role of
HCYV in hepatocarcinogenesis, due to the possible carcinogenic
action of the HCV core protein in inducing liver cell proliferation
[13,16]. However, it seems that cirrhosis is the common pathway
by which several risk factors exert their carcinogenic effect [17].

Significant variations occur in the risk for HCC and in the
pathological and natural history of the disease. The pathways
by which HCC develop are influenced by a variety of
environmental and host factors such as the age or gender of
the infected person and the genetic characteristics of the virus in
cases of HBVor HCV infections. The role of other carcinogens,
such as aflatoxin exposure, as additional risk factors for the
development of HCC remain to be fully explored in Egypt,

despite evidence elsewhere that such exposures may damage
the DNA in liver cells and lead to mutations in the p53 tumor
suppressor gene [16]. Critical evaluation of molecular markers
of viral (HBV, HCV), environmental (aflatoxin) and genetic
factors in well characterized HCC cases and appropriate control
groups may provide an improved mechanistic understanding of
hepatocarcinogenesis.

In this paper, we summarize several research studies on the
relationship between HCC, viral hepatitis and aflatoxins which
were carried out in Egypt. Our goal is to summarize the
emerging pattern and distribution of exposures to etiologic
factors for the development of preventive interventions.

2. Epidemiology of liver cancer in Egypt

In Egypt, several attempts were made to establish cancer
registries. Among these attempts in 1998, the Egyptian
Ministry of Health and Population in collaboration with several
partners established a population-based Cancer Registry (NCR)
in Gharbiah Governorate, in addition to a multi-institutional
cancer statistics collected in collaboration with the National
Cancer Institute of Cairo University [6]. This was intended to
estimate the size of the problem nationally. The NCR data
confirmed the high incidence of HCC in Egypt and the change
in the trends during the last decade (Figs. 1 and 2). The National
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Fig. 1. Trends in frequency of liver cancer, in Egypt according to the National
Cancer Institutes records, NCI 1975-2003 [6].
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Fig. 2. Frequency of liver cancer, in Egypt according to the National Cancer Institutes records, NCI 1975-2003 [6].

Cancer Institute Pathology Registry indicated that liver cancer
formed 11.75% of the malignancies of all digestive organs and
1.68% of total malignancies. Liver tumors, as seen in Fig. 3,
were mostly HCC (70.48%), while hepatoblastoma constituted
10.24%, non-Hodgkin’s lymphoma 4.21% of hepatic malig-
nancies and adenocarcinoma unspecified 9.03% [18].

In El Zayadi’s study in 2005 [19], the trends and pattern
changes of HCC in Egypt over the past decade, as well as the
possible risk factors were studied. The duration of the study was
divided into two periods of 5 years each: period I (1993-1997)
and period II (1998-2002). Over this decade, 1328 HCC

OHCC

B Hepatoblastoma

ONHL

O Adenocarcinoma unspecified

Fig. 3. Proportion of types of malignant liver tumors in Egypt [18].

patients (5.9%) out of 22,450 chronic liver disease (CLD)
patients were diagnosed. The annual proportion of HCC
showed a significant rising trend from 4.0% in 1993 to 7.2% in
2002. In the statistical analysis, HCC was significantly more
prevalent in rural residents, and patients with a history of
schistosomiasis and/or blood transfusion. There was a
significant decline of HBsAg from 38.6% to 20.5%, and a
slight increase of HCV-Ab from 85.6% to 87.9% in periods I
and II, respectively. HBV conferred a higher risk to develop
HCC more than HCV in period and period I, but the relative
contribution of HBV for development of HCC declined in
period II compared to period I.

This rising incidence of HCC in Egypt may be explained by
the increasing prevalence of risk factors such as the emergence
of hepatitis C virus (HCV) over the same period of time [20],
the contribution of HBV infection, and improvements in
screening programmes and diagnostic tools [21], as well as the
increased survival rate among patients with cirrhosis allowing
time for some of them to develop HCC. In part to assess the
relative contributions of all these risk factors, Hassan and
colleagues [22] studied the attributable risk of HCV in Egyptian
patients with HCC. Thirty-three patients with HCC and 35
healthy controls who had a similar socioeconomic status were
prospectively enrolled at the University of Cairo National
Cancer Institute. Anti-HCV antibodies were present in 75.8% of
the patients and in 42.9% of the controls; HBsAg was present in
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15.2% of the patients and in 2.9% of the controls. They
estimated the attributable fraction of HCC to HCV to be 64% in
this study population and 48% in the general Egyptian
population. The study concluded that both HCV and HBV
infection increase the risk of HCC in Egyptian patients,
whereas isolated schistosomal infection does not. A much
larger case—control study with over 200 patients in each group
recently reported similar findings [23] but with an even higher
estimate of the attributable fraction (around 90%) of current
HCC due to chronic HCV infection. This likely represents the
current status of HCV as the predominant and increasing cause
underlying the epidemic of HCC in Egypt.

Earlier research efforts to discover the causes of HCC in
Egypt focused on a variety of tropical diseases, including
schistosomiasis and its relation to HCV infection. The changes
in prevalence of HCV is very well correlated in time and
geographical regions to the mass treatment injection campaigns
for Schistosomiasis during the years 1950-1980 [20,24,25],
Schistosomiasis also induces immune suppression, which could
result in increased persistence viraemia, following acute
infection of either hepatitis B or C [23]. The combination of
Schistosomiasis and HCV infection was found to have more
severe effects on liver pathology and progression into
worsening complications than HCV infection alone. Fortu-
nately, recent epidemiologic surveys have reported a declining
prevalence of Schistosoma infection [26].

3. Viral hepatitis and HCC

Extensive collaborative research was carried out during the
last decade to explore the independent and combined effects
of HBV and HCV and other factors in the etiology of HCC.
Although HBV is considered worldwide as a major risk factor
for liver cirrhosis and HCC, the prevalence of HBV infection
in Egypt has been declining over the last two decades [19],
while HCV has increased [4]. Egypt has possibly the highest
HCV prevalence worldwide [27], estimated among the
general population to be around 14% [28]. Yet, much of
the HCV prevalence data are limited by variability in and
selectivity of the populations studied, inconsistent HCV
testing methods, and a lack of data regarding mode of
transmission.

Table 1

HCV seropostivity, gender and age groups (national workers surveys, 1996) [20]

In 1997, the Egyptian Ministry of Health and Population
initiated the National Hepatitis C Research Laboratory at the
National Tropical Diseases Institute, the first in Egypt designed
to assess the prevalence of HCV infection and evaluate
intervention programmes, with the main goal of preventing
chronic liver disease and HCC. According to a report from this
programme in 2004 [20], high HCV rates were observed among
rural residents, reaching up to 20%. Estimates of national
prevalence of HCV and HBV infections were derived from two
large community-based surveys in 1996 for estimation of viral
hepatitis B and C prevalence in Egypt. In the first study, serum
HCYV antibody was analyzed for 5000 individuals in a survey of
Egyptian workers tested in pre-employment health examina-
tion. In the second national survey, serum HCV antibody and
HBsAg were analyzed for 7357 individuals in a cluster
household study design of representative Egyptian commu-
nities in 10 selected governorates representing the four major
regional areas of Egypt: metropolitan areas, Lower Egypt,
Upper Egypt, and seashore and border areas. The overall anti-
HCYV prevalence was 18%. The overall adjusted prevalence of
anti-HCV and HBsAg was 13.5% and 4.5%, respectively. Rural
areas had higher age and gender adjusted prevalence (17.2%
and 5.5%) than urban areas (7.8% and 3.8%) of these markers
respectively. In the same study [20], individuals living in rural
areas had significantly more anti-HCV seropostivity than those
in urban areas (36.1% and 24.7%, respectively). Also
individuals living in Cairo and seashore governorates had
lower HCV seropostivity (14.7% and 12.7%, respectively) than
those living in governorates of Upper Egypt and Lower Egypt
(29.3% and 36.3%, respectively) (Table 1).

At the same time that the above prevalence surveys were
carried out, studies of the HCV genome confirmed a uniquely
high proportion of genotype 4 (over 90%) in Egypt [29,30], and
have traced back the genomic mutation for HCV RNA in
different samples in Egypt analyzed by both restriction
fragments length polymorphism (RFLP) and phylogenic tree
construction. To further explore the genetic diversity of HCV in
Egypt, sera from 131 Egyptians (56 from community studies,
37 chronic hepatitis patients, 28 HCC patients and 10 patients
with non-Hodgkin’s lymphoma) were examined [31]. The
majority of the viruses (83 of 131; 63%) were of subtype 4a, but
five other subtypes within genotype 4 were also observed, as

Age (year) group Total no. HCV+ve (%) Total males no. HCV-+ve (%) Total females no. HCV+ve (%)
<5 years 908 12.8 684 14.3 224 8.0
>5 years 4105 35.7 3738 37.6 367 16.3
Residence
Rural 2987 36.1 2776 37.8 211 13.7
Urban 1978 24.7 1606 27.5 372 12.6
Region
Cairo 456 14.7 310 18.4 146 6.8
Upper Egypt 1308 29.3 1219 31.0 89 6.7
Lower Egypt 2998 36.3 2687 38.4 311 18.0
Seashores 220 12.7 183 13.1 37 10.8
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well as three genotype 1b, five genotype 1g and one-genotype
3a samples. Interestingly, subtype 4o, which was easily
identifiable in all three genomic regions, showed an association
with HCC, which merits further investigation.

Other surveys conducted during this same time period were
designed to assess the modes of HCV transmission in Egypt.
The major identified risk factors for acquisition of HCV in
Egypt include intravenous injection, body piercing and invasive
health care practice (surgeries catheterization dental practice,
etc.) and occupational exposure [32]. For many individual
cases, however, there is no identifiable risk factor, highlighting
the critical need for further research on this issue. Due to the
large reservoir in this population, HCV is likely to remain
prevalent in Egypt for several decades [33].

4. Aflatoxins and HCC

While HBV and HCV may account for the majority of HCC
in Egypt, there is suggestive evidence for an additional
etiologic role of aflatoxin in hepatocarcinogenesis. Aflatoxins
are toxic and carcinogenic metabolites of moulds, mainly
Aspergillus flavus and parasiticum that contaminate a variety of
agricultural commodities, particularly peanuts, maize and
cottonseed, in countries with hot and humid climates. Aflatoxin
B1 (AFB1) is the major metabolite produced by these moulds.
Aflatoxins are classified as human carcinogens based on
sufficient evidence of carcinogenicity (IARC, 1987) [34].

Mohamed et al. [35] detected a significant higher percent of
aflatoxins in the serum of Egyptian patients with HCC
compared to their controls; with a twofold increased risk.
Aflatoxins may cause mutations in the tumor suppressor gene
p53 that act as initiating agents leading to liver cell hyperplasia
and HCC. In support of this hypothesis, Kafrawy et al. [36]
documented the presence of p53 codon 249 mutations
associated with aflatoxin exposure in a sample of HCC tumor
tissues analyzed by gene chip analysis in Egypt.

Hifnawy et al. [37] suggested that the progressive nature of
HCV-related liver diseases was influenced by aflatoxin
exposure. The quantitative identification of the possible
aflatoxins contamination in six urban and 11 rural areas using
high performance liquid chromatography technique, revealed
that the prevalence of AFB1 contamination in corn, wheat,
peanut, lupine, white rice, cowpea, fava bean and brown rice
was 64.7%, 53%, 53%, 47%, 47%, 41%, 29.4% and 29.4%,
respectively. A positive correlation was found between

Table 2

aflatoxin and positive HCV-PCR together with liver disease
progression to stage G3S3, that was indicative of HCC.

Several studies were carried out to evaluate the level of
aflatoxins in food products in different governorates in Egypt
[38]. From Qaluobia and Kafr El-Sheikh Governorates, 100
samples of imported and local wheat grains were collected
(Triticum sativum) and examined for the natural occurrence of
aflatoxins during 2000-2001. Results indicated that both local
and imported samples were positive for aflatoxin B1 (17.5%
and 20% respectively), and the concentration ranged from 3 to
25 wg/kg. The level of aflatoxins was dependant on the area of
collection as well as the season of the year.

During 2004, samples were collected from Menofeya
Governorate (four different districts: Mnuf, Quisna, Shibin El-
Kom and Tala) to survey the natural occurrence of aflatoxins in
local and imported corn grains and some corn products. The
results showed that the local and imported corn grains
were naturally infected with fungi belonging to genera of
Aspergillus. The concentrations of aflatoxin B1 (AFB1) ranged
between 5.8 and 7.5 g/kg corn grains, while the concentration
of aflatoxin B2 (AFB2) varied from 2.7 to 4.1 pg/kg corn
grains. On the other hand, the concentrations of aflatoxins
G1 and G2 were 8.1 and 3.2 pg/kg corn grains, respectively.
On the other hand, out of 15 samples of corn products
(snacks, cornflakes and popcorn) collected from local markets,
only one sample of cornflakes contained AFB1 and AFB2
at concentrations of 3.4 and 2.7 pg/kg cornflakes, respectively.

Data in Table 2 indicated that, out of 110,150,120 and 100
Aspergillus spp. isolates which could be isolated from local and
imported corn grain samples from Mnuf, Quisna, Shibin El-
Kom, and Tala towns, the investigators found 35%, 40%, 45 and
40% of them were A. flavus, respectively.

Ten isolated A. flavus were randomly tested for producing
aflatoxins. The results indicated that 60%, 50%, 25% and 45%
of the isolates A. flavus were producing aflatoxins from local
and imported corn grains samples.

In a study to screen for biomarkers of aflatoxin exposure in
Egypt, Polychronaki et al. [39] assessed the level and
frequency of breast milk AFM1 as a biomarker of maternal
exposure. Breast milk samples were collected from a selected
group of 388 Egyptian lactating mothers of children attending
the New El-Qalyub Hospital, Qalyubiyah governorate, Egypt,
during May—September 2003. Approximately 36% of mothers
tested positive for AFM1. Non-working status, obesity, high
corn oil consumption, number of children, and early lactation

Natural occurrence of A. flavus producing aflatoxins in local and imported corn grains

Sources of No. of tested Frequency of Frequency of Aflatoxins concentration (mg/l)
corn grains Aspergillus A. flavus A. flavus isolate
spp. isolate isolate (%) producing

aflatoxins (%)* Range Mean
1. Mnuf 110 35 25 2.7-0.5 4.8
2. Quisna 150 40 60 4.8-15.2 9.4
3. Shibin El-Kom 120 45 50 3.9-104 79
4. Tala 100 40 45 5.3-8.7 6.2

? These percentages were counted for A. flavus isolates producing aflatoxins from 10 isolates of A. flavus.
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stage (<1 month), contributed to the occurrence of AF in
breast milk.

The same research group continued their study [40], following
up with 50 of those women who were AFM 1 positive at baseline;
they were revisited monthly for 12 months to assess the temporal
variation in breast milk AFM1. In a multilevel regression model
of the data there was a highly significant (p < 0.001) effect of
month of sampling on the frequency of AFM1 detection with
summer months having the highest frequency (>80%) and
winter months the lowest frequency (<20%) of detection. The
duration of lactation and peanut consumption also contributed to
the model. The identification and understanding of factors
determining the presence of toxicants in human milk is important
and may provide a knowledge driven basis for controlling the
transfer of chemicals to infants.

Hassan et al. [41] assessed the presence of aflatoxin (AFM1)
in both mothers’ milk and the infants’ sera. Fifty healthy breast
lactating mothers and their infants who were exclusively breast
fed for at least 4 months were included. Twenty-four mothers
(48%) and their infants had detectable levels of aflatoxin with
the following mean contamination levels (ng/ml); mothers’
serum of 8.9 + 4.2, mothers’ milk of 1.9 4+ 0.6 and infants’
serum of 1.8 +0.9.

5. Role of pesticides in the etiology of HCC

Occupational exposure pesticides may have a contributory
role in the etiology or progression of HCC. According to Ezzat
et al. [23] a major segment of the Egyptian population is
employed in agriculture and uses pesticides routinely to control
insects, weeds, rodents, and fungal infections of crops and
livestock. A case—control study was carried out to investigate
pesticides as environmental risk factors for HCC while taking
into account viral risk factors. 236 subjects with confirmed HCC
were recruited from the National Cancer Institute, Cairo
University, Egypt, and 236 controls matched on sex, age group
and urban-rural status recruited from the Orthopaedic Depart-
ment, Cairo University Hospital, Egypt. Among rural males, the
adjusted odds ratio (OR) for organophosphorus compounds was
2.7 and for carbamates it was 2.9. No statistically significant
associations between HCC and household application of
pesticides were observed for urban males or for females. As
expected, the strongest risk factors for HCC in this study were
HCV RNA and current HBV infection. This study therefore
suggested that exposures to organophophorus and carbamate
pesticides are additive risk factors to current HCV and HBV
infection among rural males. Future investigation should address
the possible hepatocarcinogenicity of pesticides using biomar-
kers of exposure and other techniques to better estimate dose—
response relationships.

6. Approaches to HCC prevention

With recognized etiologic factors and improved mechanistic
understanding, rational interventions to reduce the incidence
and morbidity associated with HCC can be designed and
implemented. Vaccination against HBV in infancy is the most

effective approach to prevent HBV-related HCC, particularly in
developing countries [42]. HB vaccine has now been given to
millions of persons worldwide and is one of the most safe and
efficacious vaccines in use [43]. However, vaccines for
prevention of HCV are not available.

Antiviral treatment against HBV or HCV may interrupt or
delay progression to HCC. The lengthy asymptomatic period
prior to HCC diagnosis at advanced stages provides opportu-
nities for earlier HCC detection. Key to the success of these
secondary preventive interventions will be identifying the
target groups for which antivirals or screenings are appropriate.
The quantitative plasma 249ser p53 mutation is a prototypical
example of a marker of both exposure and HCC risk. Screening
and prevention strategies could be tailored to individuals based
on 249ser p53 levels. Similarly, recent data on the predictive-
ness of HBV DNA levels for HCC suggest that appropriate
management should be tailored to the specific levels and
persistence of HBV viral load. Analysis of multiple markers
can result in a ‘molecular profile’ of each stage of progressive
liver disease from chronic viral infection to significant fibrosis/
cirrthosis to HCC. These ‘molecular profiles’ may further
delineate individuals for whom aggressive monitoring may be
the most beneficial. Unfortunately, once advanced HCC is
diagnosed, limited options exist for limiting complications or
reducing mortality from HCC [2].

Prevention programmes can also be implemented against
HCYV infection by changing personal behavioral patterns and/or
cultural habits which are considered as risk factors for HCV
such as injection with contaminated syringes, blood transfu-
sion, surgical operations, venous catheterization, use of
common syringes, dental treatment and circumcision at home.

In parallel, reduction of exposure to AFBI, although a
difficult task, may also prove an effective primary prevention
measure. This can be achieved either at community (via good
agriculture practices) or individual levels (treatment or dietary
interventions). Easier methods for field detection and quanti-
fication of aflatoxin contamination of foodstuffs could aid
epidemiologic studies of exposure and behavioral intervention
trials aimed at reducing contamination [44]. Chemoprevention
trials have also provided evidence that agents which modulate
the effective level of aflatoxin exposure by increasing metabolic
detoxification (as with oltipraz) or by reducing the bioavail-
ability (as with chlorophyllin) may reduce levels of aflatoxin
exposure [45].

Amra et al. [38] studied the effect of processing steps of corn
products on the destruction of aflatoxins for popcorn and
porridge. The results of the trial (Table 3) indicated that the
process of popcorn and porridge preparation had a significant
effect on aflatoxins’ destruction. The temperature of preparing
and treatment with 5% salt (sodium chloride) yielded the highest
destruction rates (ranging from 90% to 97% depending on the
specific compound measured). Such effects of processing of corn
grains on the fate of residual aflatoxins should stimulate more
trials aiming at prevention of aflatoxins health hazards.

Several probiotic bacteria are able to bind AFB1 in vitro,
including Lactobacillus rhamnosus LC-705 and Propionibac-
terium freudenreichii subsp. shermanii JS [46]. A mixture of
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Table 3
Effects of popcorn preparation on aflatoxins B1, B2, G1 and G2 destruction

Treatments (preparing stages) Aflatoxin B, Aflatoxin B, Aflatoxin G1 Aflatoxin G2
Conc. Destruction  Conc. Destruction  Conc. Destruction  Conc. Destruction
(ng/kg+S.D.) (%) (ng/kg+S.D.) (%) (ng/kg+S.D.) (%) (ng/kg+S.D.) (%)
Without salt added
Corn after aflatoxins addition  100.0 0.0 100.0 0.0 100.0 0.0 100.0 0.0
After mixing with corn grain 80.5 +0.41? 19.5 78.0 + 0.82 22.0 79.0+0.89*  21.0 75.4 +0.90 24.6
After popcorn preparation 6.2+0.16 92.3 53+02x4 932 7.5+0.35 90.5 5.5+0.30 92.7
With 1% sodium chloride
Corn after aflatoxins addition  100.0 0.0 100.0 0.0 100.0 0.0 100.0 0.0
After mixing with corn grain 79.4+0.73 20.6 77.7+0.57 22.3 75.9+0.74 24.1 70.9 +0.85 29.1
After popcorn preparation 54+0.33 93.2 39+033 94.9 43+0.24 94.3 2.54+0.18 96.5
With 5% sodium chloride
Corn after aflatoxins addition 100.0 0.0 100.0 0.0 100.0 0.0 100.0 0.0
After mixing with corn grain 78.3+0.82 21.7 75.2+0.39 24.8 74.2 +0.61 25.8 69.7+ 1.1 30.3
After popcorn preparation 44+0.24 94.3 24+0.16 96.8 29+0.32 96.1 1.9+0.29 97.3

? These values are means of triplicate + S.D.

these two probiotics is used by the food and feed industry as
biopreservative (Bioprofit), making it a promising candidate for
future applications. Consequently, ongoing studies in Egypt and
elsewhere are investigating the in vitro and ex vivo ability of this
probiotic mixture to bind AFB1. In vitro experiments, 57-66% of
AFBI1 was removed from the solution by the probiotic mixture,
but only 38—47% could be extracted from the bacterial surface. In
ex vivo experiments, only up to 25% of AFB1 was bound by
bacteria, and tissue uptake of AFB1 was significantly reduced
when probiotic bacteria were present in the duodenal loop.
Furthermore, the effect of intestinal mucus on the bacterial
binding ability was investigated in vitro and was found to
significantly reduce AFB1 binding by the probiotic mixture.
Further work needs to assess the detoxifying potential of
probiotics in different experimental setups, and in different
dietary interventions. For example, a recent study [47] was
carried out among 90 healthy young males from Guangzhou,
People’s Republic of China, to determine whether administration
of probiotic bacteria could block the intestinal absorption of
aflatoxin B1 and thereby lead to reduced urinary excretion of
aflatoxin B1-N7-guanine (AFB-N7-guanine), a marker for a
biologically effective dose of aflatoxin exposure. Probiotic
consumption led to a statistically significant decrease in the
urinary excretion of AFB-N7-guanine (36% reduction at week 3
and 55% at week 5). Additionally, the likelihood for negative
AFB-N7-guanine at weeks 3-5 was 2.89 times bigger in the
probiotic arm compared with placebo.

Such probiotic supplementation reduces the biologically
effective dose of aflatoxin exposure, and may thereby offer an
effective dietary approach to prevent the development of liver
cancer. To assess this possibility, an intervention study is
ongoing now in Egypt in a group of human subjects proven to
be exposed to aflatoxins at baseline.

7. Conclusions and public health implications

In Egypt, extensive research over the past decade has
documented high and increasing HCC incidence resulting

from chronic HBV and HCV infections, and possibly
augmented by agricultural pesticide exposures and dietary
aflatoxin exposure. It is clearly shown that HB vaccination can
be implemented in the national immunization programmes
and that immunization is highly effective in the preventing
chronic HBV infection. In the absence of vaccination for HCV,
further investigation of the risk factors and modes of
transmission of HCV is required to reduce infection rates
and to prevent future cases of HCC. Using population-based
sampling of markers of HBV, HCV and AFB1 exposure could
provide useful data in formulating reasoned, cost-effective
and country-specific intervention strategies to reduce HCC.
Antiviral therapies hold some promise for interrupting or
slowing progression to HCC. Further, the development of
early detection markers is a vital missing component in
strategies to reduce HCC mortality. With the growth in
discovery driven technologies, including genomics and
proteomics, systematic evaluation of biomarkers representing
the complex process of hepatocarcinogenesis appear promis-
ing. As in many human cancers, molecular epidemiology
studies may provide a better understanding of the temporal
occurrence of genetic and epigenetic alterations in the natural
history of liver carcinogenesis [48-50].
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