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ABSTRACT

Two major etiological agents, hepatitis B virus and aflatoxin I!,, are
considered to be involved in the induction of liver cancer in Africa. In
order to elucidate any synergistic effect of these two agents we conducted
a study in various parts of Kenya with different liver cancer incidence in
order to establish the rate of exposure to aflatoxin and the prevalence of
hepatitis infections. Of all tested individuals 12.6% were positive for
aflatoxin exposure as indicated by the urinary excretion of aflatoxin B,-
guanine. Assuming no annual and seasonal variation, a regional variation
in the exposure was observed. The highest rate of aflatoxin exposure was
found in the Western Highlands and Central Province. The incidence of
hepatitis infection nationwide as measured by the presence of the surface
antigens was 10.6%, but a wide regional variation was observed. A
multiplicative and additive regression analysis to investigate if hepatitis
and aflatoxin exposure had a synergetic effect in the induction of liver
cancer was negative. However, a moderate degree of correlation between
the exposure to aflatoxin and liver cancer was observed when the study
was limited to certain ethnic groups. The study gives additional support
to the hypothesis that aflatoxin is a human liver carcinogen.

INTRODUCTION

PHC5 is one of the most common cancers in the world. The

highest rate has been reported in Mozambique, an area with
high AFB contamination of the stable diet and where HBV
infections are endemic.

Presently, it is assumed that HBV is the single most impor
tant factor, as most of the liver cancer patients show a positive
serology for HBV antigens (1,2). Additional support has come
from the observation, that integrated HBV DNA has been found
in cellular DNA extracted from liver tissues of patients with
PHC (3, 4). However, a recent study in South Africa suggests
that HBV alone cannot account for the higher incidence of liver
cancer observed in the rural population (5). In Guangxi region
in China the mortality rate of PHC in HBsAg positive individ
uals was higher when the individual lived in villages with high
AFB exposure (6).

AFB is a very potent liver carcinogen in experimental ani
mals, including nonhuman primates (7, 8), and a positive cor
relation between the dietary intake of AFB and the incidence
of liver cancer in humans has been established (9). AFB has
also been shown to be present in human liver tumor tissue by
both spectrophotometric and Chromatographie methods (10,
11). Human exposure to AFB has been determined by excretion
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of AFB and its metabolites in the urine (12-14), and unmetab-
olized AFB has been detected in blood samples (15). AFB-Gual
has been detected in urine samples collected in Murang'a dis

trict, Kenya. The presence of AFB-Gual in urine is an indication
that consumed AFB is metabolized to its genotoxic metabolite
that subsequently reacts with cellular nucleic acids (16).

In order to study the possible interaction of HBV and AFB
in the induction of human liver cancer, a cross-sectional study
in Kenya has been conducted. The incidence of PHC was
determined from the medical records of patients attending the
liver clinic at Kenyatta National Hospital. The prevalence of
HBV infection was measured by serum HBsAg and the rate of
individuals exposed to AFB by measuring the urinary excretion
of AFB-Gual. The study was conducted in areas with different
liver cancer incidence.

MATERIALS AND METHODS

Collection of Biological Samples. Morning urine samples (minimum
volume, 25 ml) were collected at the outpatient clinic at selected district
hospitals using sterile, disposable containers. The patients were attend
ing the clinics for malaise. Patients with stomach and intestinal com
plaints were excluded from the study, as it could be expected that they
had changed their regular eating habits. The donors represented the
normal sex and age distribution of the Kenyan population. The samples
were immediately put on wet ice and transferred to the Nairobi labo
ratory for initial processing. Samples were adjusted to pH 5 and to 7%
methanol, and centrifuged at 4Â°C(1500 x g for 10 min). The superna

tant was submitted to an initial clean up on a CIS Sep-Pak cartridge
(Waters Associates, Waltham, MA) using a Sep-Pak cartridge rack,
and a flow rate of maximally 2 nil,'min. After washing with 5 ml 10%

methanol and 5 ml 7% acetonitrile the samples were shipped out of
Kenya for further analysis. The cartridges were kept at â€”70Â°Cuntil

analysis by HPLC. The recovery of AFB-Gual by this procedure was
approximately 80%. Blood samples (maximum, 7 ml) were collected
from the urine donors in Vacutainers blood collection tubes containing
EDTA, and the plasma was prepared by centrifugation. The urine
samples were collected during a 4-year period (January 1981-June
1984), while blood collection started in April 1983. No individual was
sampled more than once. However, only people over the age of 10 years
were included in the study.

Analysis of Urine. The urine samples were analyzed as previously
described (17, 18). The C,8 Sep-Pak cartridges were eluted with 80%
methanol (10 ml), and the eluate was concentrated to 0.5 ml using a
Speedivac Evaporator. Further cleanup was performed by HPLC using
a Ci8-Â¿iBondapakcolumn and 18% ethanol-10 DIMammonium formate
(pH 5.1) as eluent with a flowrate of 1 ml/min. AFB-Gual eluted at 23
min, and fractions from 22-24 min were collected. Several urinary
compounds absorbing at 365 nm comigrated with AFB-Gual on the
C|g-Â¿tBondapakcolumn. This peak was resolved into several compo
nents on an Ultrasil-Si column using 4.5% acetonitrile (flow rate, 1 ml/
min). The eluate was monitored at 365 nm. AFB-Gual eluted at 5.5
min on this column.

To verify that the chemical identity of the product had the same
retention time as AFB-Gual in the two different HPLC systems the
eluate at 5.5 min in the second HPLC system was scanned by fluores
cence spectrophotometry using synchronous luminescence and photon
counting (19). The spectra were obtained by using a fluorescence
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spectrophotometer (Perkin-Elmer MPF 44B) and a photon counter
(EG and G Ortec). The fluorescence was measured in a quartz cell (10
mm light path). Both the excitation and emission monochromators
were set at 5 nm band width. The wavelength difference was 34 nm
with the emission wavelength being 34 nm higher than that of excita
tion. The emission and excitation were scanned simultaneously (syn
chronous scanning). Under these conditions, both AFB-Gual isolated
by HPLC from chemically modified DNA and the positive urine
samples gave a characteristic fluorescence with a peak emission of 415
nm when excited at 381 nm.

Determination of HBV Serological Markers. Ausria 11-125and Corab
kits (Abbott Laboratories, North Chicago, IL) were used for the assays
of HBsAg and anti-HBc, respectively. The general procedure described
by the manufacturer was followed. The samples were counted on an
Aloka Auto Well Gamma System ARC-500.

Liver Cancer Incidence. Patient records from more than 2000 patients
attending the liver clinic at Kenyatta National Hospital in Nairobi
during the period 1978-1982 were analyzed. The diagnosis of primary
hepatocellular carcinoma was confirmed by two criteria: (a) presence
of a-fetoprotein and (b) histolÃ³gica! examination of needle or surgical
biopsies. The 1981 census (Kenyan Government report) was used for
the calculation of the incidence rates of PHC in the various districts.

Statistical Evaluation. The x2 test was used to compare serological
markers for HBV in AFB-Gual positive and negative individuals.
Multiplicative and additive regression analyses were conducted in order
to study if HBV and AFB had a synergetic effect in the induction of
PHC. The individual role of AFB and HBV in the Bantu people was
analyzed by Spearman's nonparametric rank correlation analysis be

cause the distribution of the observations are unknown.

RESULTS

Urine samples were collected in different districts in Kenya
during a 4-year period. A total of 983 samples have been
analyzed for the presence of AFB-Gual. A sample was consid
ered positive for AFB-Gual if it cochromatographed with au
thentic AFB-Gual in two different HPLC systems and had the
characteristic synchronous fluorescent spectrum (16). About
85% of the samples positive in both HPLC systems were also
positive by the third criterion giving 15% false positive if the
chemical verification was excluded. The lower level of detecta-
bility for AFB-Gual by this assay is 0.3 pmol/25 ml urine. A
total of 122 samples (12.4%) were positive for AFB-Gual by
these criteria, with the highest prevalence of exposure in RÃtale,
Rerichio, and South Nyanza districts (Table 1). Males had a
significantly higher rate of exposure to AFB than females. The
malcocÃnale ratio ranged from 0.9-4.5, with only the Ritale
region below 1, and Riambu at 4.5. The seasonal variation in
rates of AFB exposure is shown in Table 2.

The seroepidemiology of HBV in the same regions is shown
in Table 3. Males in general had a higher rate of HBV infection

Table 1 Prevalence of AFB exposure as measured by AFB-Gual excretion: district
variation

Some of the data have previously been reported (4).

Table 2 Seasonal variation in AFB-Gual excretion assuming no annual variation

DistrictBusia

Machakos
Makueni
Meru/Embu
Murang'a

Kerichio
Kiamlm
Kitale
South Nyanza
OthersMale(17)"

0.118(17)
0.129(62)
0.417(12)
0.123(81)
0.197(61)
0.214(28)
0.194(67)
0.314(35)
Not donePrevalenceFemale0.050

(60)
0.071 (14)
0.073 (96)
0.152(6)
0.078 (90)
0.150(40)
0.048 (42)
0.221 (68)
0.147(34)
Not doneMale:female

ratio1.66

1.77
2.65
1.58
1.31
4.46
0.88
2.14

AreaMurang'a
district

January-March
July-SeptemberMakueni

district
April-June
July-SeptemberNo.

ofsamples6242119

61No.

of positive
cases(%)7(11.3)

5(11.9)4

(3.0)
12(19.6)

Total Kenya including above
districts

January-March
April-June
July-September

277
404
302

33(11.9)
40 (9.9)
49 (16.2)

Table 3 Prevalence of serological markers for HBV infection, district variation

Male Female

DistrictMurang'a

Makueni
Machakos
Kiamhu
Kerichio
Kitale
Meru/Embu
Busia
South NyanzaHBsAg0.066(15)"

0.145(62)
0.230 (23)
0.048(12)
0.066 (61)
0.049 (67)
0.229 (9)
0.176(17)
0.086 (35)anti-HBc0.666(15)

0.646 (48)
0.500(10)
0.750(12)
0.557(61)
0.552 (67)
0.429 (7)
0.353(17)
0.057 (35)HBsAg0.500

(6)
0.146(75)
0.182(11)
0.143(14)
0.029 (34)
0.044 (68)
0.167(6)
0.133(60)
0.000 (34)anti-HBc1.000(6)

0.414(75)
Not done
0.429(14)
0.382 (34)
0.382 (68)
1.000(2)
0.517(60)
Not done

*Numbers in parentheses, number of people tested.

Table 4 Serological data for HBV infection and AFB-Gual: excretion in urine in
the same individual

Only patients analyzed for all three parameters were included for both sexes
and all districts combined.

With AFB-Gual
Without AFB-GualWith

HBsAg3

12With

anti-HBc36

151Without

HBsAg
and anti-

HBc47222With

HBsAg
and anti-

HBc2

27Total88412

Total 15 187 269 29 500

1Numbers in parentheses, number of urine samples tested for AFB-Gual.

than women. The distribution of the serological markers for
HBV infection was the same in both AFB-GuAI positive and
negative cases (Table 4). Of the tested individuals 8.2% were
positive for both AFB exposure and one of the HBV serological
markers.

The information on liver cancer incidence was established on
the basis of information from the medical records of patients
attending the liver clinic at Renyatta National Hospital over a
5-year period (1978-1982). This hospital serves as a general
hospital for the central part of Renya, but patients with special
diseases (such as liver disorders) are referred from district and
provincial hospitals from all over Renya. However, the inci
dence of PHC in Busia and South Nyanza may be underrepre-
sentative due to the long distance to Nairobi and good major
hospitals in the areas. Patients with liver diseases may prefer
to be treated locally, and their medical record will not enter the
data at Renyatta Hospital. These areas have been excluded
from the correlation analysis.

In 399 patients of the 2000 attending the liver clinic at
Renyatta Hospital, the diagnosis of PHC was confirmed. PHC
was predominant among males (299 cases) with a male:female
ratio of 3:1. A high male:femalc ratio has also been shown on
a distinct basis. The PHC incidence in different districts and
the sex ratios are shown in Table 5.

Taking female and male data as separate entries, a Spearman
rank correlation analysis of the rate of AFB exposure and PHC
incidence in Bantu peoples living in different districts gave a
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Table 5 Liver cancer incidence/Â¡00,000 inhabitants in different pans of Kenya in
the period Â¡978-1982 using the ÃŒ98Idistrict census

Data are based upon medical records of patients attending the outpatient liver
clinic at the Kenyatta National Hospital.

NoofcasesDistrictBusiaMachakosMakueniMeru/EmbuMurang'aKerichiokiambuKittleSouth

NyanzaOthersM657294622224171158F88714137153520Incidence/100,000M0.242.322.691.711.421.372.381.060.56F0.300.300.560.250.780.450.880.480.24M:F

ratio0.87.74.86.81.83.02.72.22.3

moderate association (r = 0.75). The same type of analysis did
not indicate any association between HBV and PHC (r =
0.190).

A multiplicative and additive regression analysis of the inci
dence of PHC with the prevalence of HBV infection and rate
of AFB exposure in different districts for both sexes did not
indicate that combined exposure to AFB and HBV increased
the risk for developing PHC.

DISCUSSION

EpidemiolÃ³gica! data support a multifactorial origin of liver
cancer (20), but the existing data on the role of HBV and AFB
are only suggestive and need further substantiation.

AFB has been classified as a potential human carcinogen
because a close association between the intake of AFB and the
incidence of PHC has been observed in several parts of the
world, including Kenya (21, 22). AFB does require metabolic
activation to become oncogenic, and the suspected mutagenic
lesion is formed by interaction of AFB 8,9-oxide with the 7-
position of guanine in DNA (23). This adduci accounts for
more than 80% of the adducts in the liver 2 h after administra
tion of AFB to rats (24). An identical adduct profile has been
observed when cultured human tissues including fetal liver
expiants were incubated with AFB (25, 26). The adduct is quite
unstable and AFB-Gual has been detected in the urine collected
from rats treated with AFB and from humans living in an area
with high exposure to dietary AFB (17, 27). Detection of AFB-
Gual in urine is indirect proof that genotoxic damage has
occurred after exposure to AFB. In rats, approximately 1% of
the administered AFB dose was excreted as AFG-Gual within
24 h (17). Assuming the same rate of excretion in humans, the
daily range of AFB exposure in the Kenyan population is 360-
3600 ng. This level is the same as measured by a different
approach in a West African population (13). At the lowest level
of detectability the exposure corresponded to 0.3 AFB-modifi-
cation/106 nucleotides in liver DNA.

The present study in Kenya includes districts in Central,
Eastern, and Western provinces. The areas have different inci
dences of PHC and represent different ethnic, cultural, and
social groups. The highest rate of AFB exposure was observed
in the Western and Central parts of Kenya. The stable diet is
the main source of AFB in the Kenyan population (28), but
alcoholic beverages brewed from AFB contaminated grain may
also be a potential source of AFB. The latter may be the
explanation for a male:femaie ratio greater than 1. The higher
exposure rate of AFB in males may account for the higher
incidence of liver cancer in men. The seasonal variation in AFB
exposure is due to extended storage of the stable diets under

improper conditions favoring the growth of Aspergillus flavus.
The low rate of exposure to AFB in Makueni during April-
June is due to the consumption of grains from the new spring
harvest, whereas the high rate of exposure in July-September
is due to improper storage of the grains for extended periods
of time. By analyzing urine samples from seasons with poten
tially high and low AFB contamination of the staple food, we
assume that our data represent the general rate of AFB exposure
in a given population group. The regional variation may be a
function of the cultural habits of storing the food. Because the
eating habits and methods of storing food items in the rural
population have not changed significantly in the last generation,
the exposure rates determined in this study are representative
for AFB exposure in the Kenyan population for at least the last
10 years. It is therefore acceptable to compare these values with
incidence data of PHC collected in the period 1978-1982.
However, only individuals with a daily AFB exposure greater
than 500 ng will be detected due to limited sensitivity of the
method. A modification using affinity chromatography on iso
lated AFB products from urine increasing the sensitivity of the
method has recently been published (29).

The role of AFB as a potential human liver carcinogen gets
additional support from this study. It is to our knowledge the
first study where the exposure has been monitored by the
formation of a genotoxic metabolite. However, no correlation
between rate of exposure to AFB and incidence of PHC exists
when all areas and ethnic groups were combined, but a reason
able correlation between the rate of AFB exposure and PHC
incidence in the Bantu groups suggests that a genetic factor
may be involved in the induction of liver cancer by AFB.

The other etiological agent in the induction of PHC is pro
posed to be HBV. A strong seroepidemiological association
between HBV and PHC exists (30), and it is estimated that
persistent HBV infection can account for 80% of all PHC in
another high risk area (28). However, Bagshawe et al. (31) did
not find any association between PHC and HBV infection in
Kenya using HBsAg as serological marker. These and other
observations suggest that HBV alone could not be responsible
for induction of liver cancer. The incidence of HBV infection
in this study was determined by the serology of HBsAg and
anti-HBc. HBsAg is expressed during the early stage of acute
infection and during persistent infection. A considerable over
lap between HBsAg and anti-HBc carriers does exist in the
experimental group. Sixty-six% of the HBsAg positive patients
were also positive for anti-HBc. Our carrier rate for HBsAg
positive cases (9%) is slightly lower than the carrier rate re
ported by Zumla and Voller (32) in noncancerous groups in
neighboring Zambia and lower than in a non-African high risk
area (33). HBV was responsible for 70% of all cases of acute
hepatitis in Kenya (34). Forty-six% of the patients excreting
AFB-Gual had a positive serology for HBV. The rate of AFB
exposure was identical in the HBV positive and negative indi
viduals. A prospective study following these individuals would
have been of great interest in elucidating the interplay between
HBV and AFB in the induction of PHC.

The results indicate that people living in high risk areas for
PHC are exposed to both major etiological agents considered
to be important for induction of PHC. However, regression
analysis of the present data did not reveal any synergistic or
additive action of HBV and AFB in the induction of PHC in
Kenya, but rank correlation indicates that exposure to AFB
may play an important role. The validity of this test can be
questioned as we compare biological data collected in 1981-
1984 with incidence data from 1978-1982. However, AFB
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contamination of the stable diet has not changed during the
last generation. No information on the prevalence of HBV
infection 10-20 years ago is available. A case-control study or
a prospective study measuring AFB exposure over several sea
sons and years may be required to establish the role of these
two agents in the induction of PHC in humans. However, on
the basis of this study, it is apparent that improvement in food
hygiene may be just as important as vaccination against HBV
in preventing liver cancer in Third World countries.
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