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Abstract—In an epidemiological survey in the West Nile District of Uganda, 70
pathologically confirmed BL cases were detected over a 5-yr period; this
corresponded to an annual incidence rate of 1.6 per 100,000 general population or
about b per 100,000 children in the age group 5-14yr. Of the confirmed caseswhich
were examined by EBV/DNA molecular hybridization, 96% were found to contain
an average of 38 EBV genome equivalents per tumour cell, whereas none of the
examined unconfirmed cases did. Duplicate hybridization assays in two
laboratories were in close agreement. Serological testing showed that 91% of the
confirmed BL cases had elevated EBV/VCA titres (2160) and 64% were EA(D)-
positwe (210). Most of the cases with high EBV/genome content had high VCA
titres, but there was a poor correlation between the two parameters among all cases.
This study confirms that in high BL incidence areas the association between EBV
and this lymphoma 1s almost constant, whereas it is exceptional in low-incidence
areas. This further supports the aetiological implication of EBV in the endemicity

of this tumor in equatorial Africa.

INTRODUCTION

THAT Epstein-Barr virus (EBV) plays an
aetiological role in African Burkitt's lymphoma
(BL) is supported by the regular association
between the virus and the tumour (for recent
review, see [1]). Firstly, BL patients usually have
higher levels of EBV antibodies than any control
groups selected in the same area [2,3]. The
virus-tumour association is also documented at
the cellular level, where each tumour cell
regularly contains several copies of the EBV
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genome and expresses EBV nuclear antigen(s)
[4-6]. Epidemiological evidence for an aetio-
logical role of the virus in BL recently resulted
from a long-term prospective study in the West
Nile District of Uganda [7, 8], where it was found
that EBV/VCA antibody titres were significantly
elevated in future BL patients several years before
the tumour developed.

However, lymphomas histologically and cyto-
logically indistinguishable from BL have been
found outside the endemic areas [9, 10], although
at a much lower incidence rate [11, 12]. It appears
that these sporadic cases have a relationship with
the EBV which is somewhat different from that of
the African BL: more than 90% of the African BL
[4, 5, 13, 14] carry the EBV genome in the tumour
cells whereas less than 20% of the American BL-
like lymphomas do [15-17]. The difference
between the two types of BL is also expressed
serologically. As mentioned, the African cases
have invariably higher EBV antibody levels than
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their controls, and this is sometimes [18] the case
for American BL patients as well, although
exceptions have been reported [19, 20].

In order to add more information about the
relationship between BL and EBV in different
parts of the world, we present here the results of
simultaneous serological testing and hybridiza-
tion assays of a large series of BL patients which
were collected during a prospective study [7] in
Uganda.

PLACE AND METHOD OF BL DETECTION

The West Nile District is a tropical lowland
situated in the northwestern corner of Uganda,
south of the Sudan between the rivers Nile and
Zaire (see map in Fig. 1). The altitude of the hilly
area varies from about 660 m above sea level up to
about 1700 m in the southwest corner of the
district. The area is relatively fertile and the
rainfall (the annual average was 54 inches for the
period 1955-1976; E. H. Williams, unpublished
data) is sufficient to sustain farming throughout
the district. The population numbered 578,762 in
1969 (Census of Uganda) and the annual growth
rate is estimated at about 3% per year (UN
Statistical Yearbook, 1978). The vast majority of
the people are subsistence farmers who grow
maize, millet and cassava for food crops and some
tobacco as a cash crop. Malaria is hyperendemic to
holoendemic in the area [21] and surveys
conducted in connection with the present study
confirmed that 60-70% of the children under 10 yr
of age have malarial parasites in their blood atany
moment. About 90% of the parasites encountered
in the West Nile District are Plasmodium
falciparum, the remainder being Plasmodium
malaria.

BL registration in the West Nile District has
been carried out since 1964 by Dr E. H. Williams
at Kuluva Hospital. In 1971 the International
Agency for Research on Cancer initiated a
prospective study of BL in the district with the
specific objective of testing the hypothesis that
EBV is an aetiological factor in BL [7,8]. The
serum collection which formed the basis for the
prospective study was confined to 5 of the 10
counties which make up the West Nile District
(see map in Fig. 1). Active BL detection was,
however, carried out in the entire district and the
present report deals with cases detected in all 10
counties, including the 16 ‘pre-bled BL’ cases
from the prospective study which were published
earlier [7, 8].

Although the prospective study wasinitiated in
1971, it was not until 1973 that the collection of
frozen biopsies were included in the field work. At
the beginning of 1979 the project in the West Nile
District had to be terminated due to the civil
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Fig. 1. Map of the West Nile District showing county
borders. Shaded areas were included in the prospective study.

disturbances in Uganda. From 1973 to 1978 active
BL detection was carried out by detection teams
which regularly visited all hospitals and health
centres in the district to trace patients with
symptoms and signs of BL. Patients suspected of
having BL were brought into Kuluva hospital
and examined by H. E. Williams, who also
collected specimens for pathology and virology
studies. The case detection was very active and it is
believed that nearly all BL cases occurring in the
West Nile District during these years were actually
discovered. Some cases which came spontaneously
to Kuluva hospital from neighbouring Zaire and
Sudan during this period were also included in
the study since they came from areas which are
ethnically and ecologically similar to the West
Nile District. Pathology specimens required for
diagnosis were given priority over the frozen
specimens needed for the hybridization assay.

Pathology examination

All patients suspected of having BL were
subjected to a diagnostic pathology examination.
The necessary biopsies, tumour imprints and
needle aspirates were taken before any treatment.
They were examined locally by EHW, who
directed the treatment of the patients. All
pathology specimens were subsequently for-
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warded to DHW for final assessment. Sections of
tissue embedded in paraffin wax and resin-
embedded tissue cut at 1 um were examined
together with imprint preparations and BL
identified on the basis of established light
microscopic criteria {22, 23].

EBV/DNA hybridization

Whenever sufficient tumour tssue could be
obtained from a BL patient, part of this was
placed in liquid nitrogen and forwarded to IARC
by air in insulated containers. After some time of
storage in liquid nitrogen at the IARC specimen
bank, the frozen specimens were forwarded to the
laboratory in either Stockholm or Freiburg for
EBV/DNA hybridization; for some cases where
abundant tumour tissue was available, material
was sent to both laboratories. The two labora-
tories used different techniques for the detection
of EBV/DNA in the biopsies. The Stockholm
laboratory used filter hybridization with 32P-
labelled EBV-cRNA as described by Lindahl et al.
[13]. The laboratory at Freiburg used DNA-
reassociation kinetics with *H-labelled EBV/DNA
as a probe as described by Nonoyama et al. [5] and
Bornkamm et al. [24]. If only small amounts of
DNA were available, filter hybridization was
more sensitive than reassociation kinetics. The
hybridization was done ‘blindly’ in so far as the
final pathology diagnosis of the tumour was not
known to the laboratory at the time of testing. The
results were given in terms of the number of
genome-equivalents per cell; in addition, the
laboratory in Freiburg indicated the detection
limit of the test by stating in each case the lowest
number of genomes which could be detected with
the amount of DNA available.

Serological testing

A serum sample was collected from each
examinee by vein puncture before treatment. The
sera were kept in liquid nitrogen at the project
centre in the West Nile District for a few weeks and
then forwarded to IARC, Lyon, where the sera
were tested for the following anti-EBV antibodies:
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viral capsid antigen (VCA); early antigen (EA);
and nuclear antigen (EBNA).

Anti-VCA and anti-EA (D) and (R) antibody
titres were evaluated by indirect immuno-
fluorescence techniques as previously described
[25,26]. Anti-EBNA titres were measured by the
anticomplement immunofluorescence technique
described by Reedman and Klein [27].

RESULTS

BL cases

During the 6 yr (1973-1978) of case collection, a
total of 70 BL suspects were detected in the West
Nile District. In addition, 14 cases from
neighbouring Zaire, 1 from Sudan and 1 from
Uganda outside the West Nile District, who
reported spontaneously to the project during this
period, were included in the study. On the basis of
the population figures published in the Uganda
Census of 1969, the mid-year population of the
West Nile District for the period 1973-1978 was
estimated at 730,000. By referring the 70 cases
detected in the district to this base population, an
average annual BL incidence rate of 1.6 per
100,000 is arrived at. Most of the BL cases (approx.
85%) in the West Nile District occurred in the age
group 5-14 yr, which constitutes 27% of the total
population (UN Demographic Year Book, 1972).
Thus the BL incidence rate was about 5 per
100,000 children aged 5-14 yr.

Of the 86 suspected BL cases which were
available for the study, the pathologist confirmed
the BL diagnosis in 74 cases (Table 1) but not in
the 12 others. The reasons for not confirming the
BL diagnosis were as follows (see also Appendix
I): 6 cases were found to be other childhood
tumours, viz. 2 retinoblastomas, 2 rhabdomyo-
sarcomas, 1 Wilms tumour and 1 embryonic
tumour; for 2 cases, there was no evidence of
malignant cells; and for the remaining 4 there was
insufficient material for diagnosis.

Details regarding age and sex of the patients,
anatomical location and pathological and viro-
logical data are given in Appendix 1.

Table 1. Number of confirmed and unconfirmed BL cases, number examined by
EBV hybnidization and number found positive and negative in each category, West
Nile District, 1973-1978

No. of BL suspects

examined by EBV EBV EBV genome
pathologist BL diagnosis hybridization positive negative
confirmed: 74 done: 53
51 2
not done: 21
86
not confirmed: 12 done: 5
0 5

not done: 7
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Fig. 2. Age and sex distribution of confirmed and
unconfirmed BL suspects from the West Nile District of
Uganda.

The age and sex distribution of the 74
confirmed and 12 unconfirmed cases are com-
pared in Fig. 2. The BL patients ranged in age
from 3 to 18 yr (mean age, 7.5 yr) and there were
more boys than girls (ratio male:female, 1.4). The
unconfirmed cases were slightly older (mean age,
9 yr) and more were girls than boys.

EBV/DNA detection

Both confirmed and unconfirmed BL tumours
were examined for the presence of EBV genome.
However, as mentioned earlier, the tumour
specimens were, in some cases, so small that the
EBV genome count could not be estimated. This

was the case in 2 tumours (Nos 247 and 260),

where the absence of EBNA in the tumour
imprints caused us to label these as EBV/DNA
negative. Table 1 shows that 51 (96%) of the 53
pathologically confirmed BL tumours which
were examined by hybridization contained the
EBV genome, whereas none of the 5 unconfirmed
tumours (which were tested) did. Details regard-
ing the number of genome equivalents found in
the tumour cells are given in Appendix I.

In addition to case No. 247, another confirmed
case (No. 223) failed to reveal the presence of
EBV/DNA in the tumour cells. No. 247 was a 6-yr-
old boy with an orbital tumour and with EBV
antibody titres as follows: VCA 40, EA <10 and
EBNA 40. No. 223 was an 8-yr-old boy with an
abdominal tumour with the following anti-EBV
titres: VCA 80, EA <10, EBNA 640.

Fifteen tumours were large enough to each
yield two specimens for EBV genome testing, and
one specimen was sent to each of the two
laboratories. The results of their independent
hybridization assays are cross-tabulated in Table
2, from which it can be seen that there was a very
good agreement between the two laboratories.
Not only did both find that all 15 tumours
contained the EBV genome, but they also found
very similar genome counts.

Serology
Sera were collected from all the 86 BL suspects
included in the present investigation and all were

Table 2. BL tumours cross-tabulated by results of EBV genome counts in two
laboratories

No. of EBV genome equivalents per cell

Freiburg: 0-9 10-19 20-29 30-39 4049 50+ All
0-9
10-19 2 3
20-29 1 1 3
Stockholm:
30-39 3 1 4
40-49 1 3 4
50+ 1 1
All 3 3 3 4 15

No. of EBV genome equivalents per cell.
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Table 3. Cross-tabulation of EBV antibody results by size of VCA and EA(D) titres, separately for confirmed and
unconfirmed BL suspects, West Nile District, Uganda

EA

Diagnosis titres <10 10 20 40

VCA titres

160 320 640 1280 2560 >2560  All

<10 1 2
10
20
40
Confirmed 80
BL 160
320
640
1280
2560
> 2560
All —

<10 1 1
10
20
40
Not 80
confirmed 160
320
640
1280
2560
>2560
All — 1 — 1

1 2 7
1 2

o OO = QO
~3

1
1 1

—_—
—_— 00— OO N O

— o N
- RO D~

tested for EBV antibodies (VCA, EAand EBNA)at
the IARC. Titres measured for each of the three
antibodies are shown in Appendix I for each
individual. In Table 3 the VCA and EA titres are
cross-tabulated. It can be seen that 67/74 (91%) of
the confirmed BL cases have elevated VCA titres
(=160) vs 8/12 (67%) of the unconfirmed cases.
In the general child population in the West Nile
District, about 35% of the 6- to 9-yr-old children

have EBV/VCA titres above 160 [28]. The.

geometric mean (GMT) of the VCA titres shown
in Table 3 is 1152 for the confirmed and 534 for the
unconfirmed cases. The GMT of positive VCA
titres in the general child population aged 5-9 yr
in the West Nile District has previously been
found to be 134 [28]. Table 3 further shows that
48/74 (64%) of the confirmed BL cases have
positive EA titres (z210) whereas only 3/12 (256%)
of the non-confirmed cases have such titres. In the
general child population aged 4-10 yr in the West
Nile District, about 10% have positive EA titres
[28]. In Table 3 all cases, confirmed as well as
unconfirmed, which have VCA ttres below 320
have negative EA titres. Although some of the
unconfirmed cases in Table 3 may in fact be BL, it
appears that the presence of EA antibodies in a
patient depends more on his level of VCA

antibodies than on whether or not he has BL, as
pointed out previously by de-The [29].

Correlation between EBV genome equivalents
and EBV titres

A cross-tabulation of results by EBV/VCA titres
and by average number of EBV genomes per cell
is shown in Fig. 3 for the 53 confirmed and the 5
unconfirmed cases which were subjected to both
EBV hybridization and EBV antibody testing.
Here the genome counts were taken from either
laboratory (Stockholm or Freiburg), using
whichever result was highest. It can be seen that
there is some correlation between the two different
measures of EBV association: nearly all cases
without detectable EBV genome have relatively
low VCA titres (<320) whereas most of those with
high genome counts (z220) have VCA titres of 320
or above, going up to 2560; the scatter of titre is,
however, so wide at each level of genome count
that it is impossible to predict the size of any of the
two variables from knowledge about the other.

DISCUSSION
The epidemiological findings presented here
confirmed that the West Nile District of Uganda is
an area with a relative high incidence of BL.
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Fig.8. Distribution of 58 BL suspects by EBV/VCA antibody titre and by number of EBV genome equivalents
per tumour cell; West Nile District, Uganda. n=58. Serial No. followed by ®= confirmed BL; serial No.
followed by X =unconfirmed case. (a) EBNA is tumour-negative.

During the years 1973-1978 the annual incidence
rate was about 5 per 100,000 children aged 5-14 yr
or about 1.6 per 100,000 total population. This
incidence is of the same order of magnitude as
found in other areas of tropical Africa, where an
incidence rate of 2.8 was reported in the general
population from Tanzania [30] and one of 0.5
from Ghana [31]. In earlier years, from 1961 to
1975, the annual incidence rate of BL was as high
as 2.8 [32] per 100,000 general population in the
West Nile and there is thus an indication that the
incidence may have been declining there in recent
years. Nevertheless, the findings of viral BL

markers presented in this report still reflect
conditions prevailing in a high incidence area.
The EBV/DNA hybridization results found in
the present study are shown in Table 4 in
comparison with those obtained in similar studies
of other BL tumours from East Africa. It can be
seen that the results from the West Nile District
are in close agreement with those obtained
elsewhere in Africa, both with respect to the
proportion of BL which carry the EBV genome
and with respect to the average number of genome
equivalents per tumour cell. It thus seems firmly
established that about 96% of the East African BL

Table 4. Results of EBV-DNA studies of African Burkitt’s lymphoma

Percentage of  Mean No. of
No. of cases No. EBV-positive  EBV genome
Reference studied EBV-positive cases equivalents/cell
[4] 10 10 100 —
[5] 20 19 95 40.4
[13] 27 26 96 39.1
[14] 15 14 93 38.8
This study 53 51 96 34,7
Total 126 121 96 38.2
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carry the EBV genome at an average rate of about
38 genome equivalents per tumour cell. Further-
more, the serological findings confirmed that the
level of EBV antibodies is highly elevated in
African BL patients compared to the levels found
in neighbourhood children.

Does the 4% EBV genome-negative BL in
Uganda reflect experimental error or the true
existence of an EBV-free form of BL in Africar An
error of the order of 4% might well occur merely
by chance as a result of mistakes in such
procedures as the taking and labelling of
specimens or the diagnosis of the tumour. It
would be necessary to arrange repeated examina-
tions of many supposedly genome-negative
tumours to ascertain that those found free of
EBV/DNA are truly BL. It may appear unlikely
that error could have been the cause of the finding
of the two EBV genome-negative BL tumours in
this study, since both EBV markers (viral DNA
and serological profile) were absent in the two
discordant cases. However, if it happened that
these two tumours were not really BL, the absence
of EBV markers would be explained.

Experimental error apart, it seems that the most
likely interpretation of the present findings is that
two forms of BL occur in Africa: a common
‘endemic’ EBV-associated form and a rare

‘sporadic’ non-EBV-related form which con-
stitutes about 4% of the African tumours. The
sporadic form occurs everywhere in the world and
makes up about 80% of all BL tumours in the
US.A.

It has been suggested [33, 34] that the ‘endemic’
form of BL develops in at least two stages: firstly,
EBV initiates the carcinogenic process early in life
[35] by stimulating B-lymphocytes. At a later
stage a non-random cytogenetic abnormality
occurring in a clone of stimulated cells promotes
tumour development. These cytogenic changes
seem to be independent of the presence of EBV in
the affected cells and are of the three following
types: 1(8;14), «2;8) or t(8;22) [36]. Recent
experiments suggest that these chromosomal
translocations, which involve Ig-locus-carrying
chromosomes in all cases, may be a crucial event
in the pathogenesis of lymphomas [37, 38], even
though initiating factors may differ depending on
geography. What is now needed in order to
further elucidate this problem is a more accurate
study of non-African BL, especially of the non-
EBV-associated cases.
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