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Abstract
Burkitt’s lymphoma (BL) was first described in Eastern Africa, initially thought to be a sarcoma of the jaw. Shortly it became

well known that this was a distinct form of Non Hodgkin’s lymphoma. The disease has given insight in all aspects of cancer research and
care. Its peculiar epidemiology has led to the discovery of Epstein Barr virus (EBV) and its importance in the cause of several viral
illnesses and malignancies. The highest incidence and mortality rates of BL are seen in Eastern Africa. BL affects mainly children, and
boys are more susceptible than girls.

Evidence for a causal relationship between EBV and BL in the endemic form is fairly strong. Frequency of association between
EBV and BL varies between different patient groups and different parts of the world. EBV may play a role in the pathogenesis of BL by
deregulation of the oncogene c-MYC by chromosomal translocation. Although several studies suggest an association between malaria
and BL, there has never been a conclusive population study in support of a direct role of malaria in causation of BL. The emergence of
HIV and a distinct subtype of BL in HIV infected have brought a new dimension to the disease particularly in areas where both HIV and
BL are endemic. BL has been reported as a common neoplasm in HIV infected patients, but not in other forms of immuno-depression,
and the occurrence of BL seems to be higher amongst HIV positive adults, while the evidence of an association amongst children is still
disputed. The role of  other possible  risk factors such as low socio-economical status, exposure to a plant species common in Africa
called Euphorbiaceae, exposure to pesticies and to other infections such as schistosomiasis and arbovirus (an RNA virus transmitted by
insect vectors) remain to be elucidated.
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Introduction
Burkitt lymphoma’s (BL) was described more

than five decades ago by Dr Denis Burkitt in Uganda.
However Sir Albert Cook, a missionary doctor in Uganda
in 1887, had reported seeing children with similar fea-
tures earlier. Despite all the initial work, BL still remains
an elusive disease, which has provided many lessons on
viral carcinogenesis and molecular oncology.1-3 Over
recent years the incidence of BL has increased in the
endemic areas in Africa, overlapping with the epidemic
of HIV and malaria in the region. This review aims at
providing the current status of understanding of epide-
miology and etiology of Burkitt’s lymphoma.

Burkitt lymphoma clinical variants:
BL is a B-cell lymphoma genetically character-

ized by a chromosomal translocation that results in de-
regulation of the c-MYC oncogene.

There are several forms of BL according to its
geographic distribution, incidence magnitude and risk
factors (Table 1). Endemic BL (eBL) is the disease origi-
nally described by Burkitt and largely found in Africa,
characteristically affecting the facial skeleton in children
between ages two to nine.  Sporadic Burkitt’s lymphoma
(sBL) is the form subsequently described outside the
African region, but morphologically similar to eBL and
affecting mainly abdominal viscera; it can be detected at
any age and no specific co-factor has been described. A
third subtype of BL has been proposed based on its asso-
ciation with HIV infection. Though well described in the
developed world and known among HIV positive adults
in Africa, the childhood form of the disease among HIV
positive children has not been well characterized. HIV
associated BL can be identified in any geographical area
and at all ages and is of great importance especially in
sub-Saharan Africa.4,5
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Table 1. Overview of Burkitt’s lymphoma clinical variants.

Characteristics Endemic BL (eBL) Sporadic BL (sBL)                        HIV associated BL
Epidemiology · Equatorial · Median age 30yrs                          · HIV risk groups

· Median age 7 yrs · Children (30%)                            · Median age 10-19 yrs
     · Associated with malaria · Older adults (1%)                        · Children in Africa?
        / climate · Low Socio Economical Status

Clinical Presentation Facial skeleton (50%) Abdominal, ileo-coecal (80%)        Organ and nodal
CNS (33%) Bone marrow (20%)                       presentation
Other organs also affected Other organs also affected

Geographic regions Malaria belt Worldwide                                     In endemic HIV areas
                                                                                                                  in Africa

Pathology/Morphology Germinal centre B-cell
Monomorphic medium sized B cells with basophilic cytoplasm and multiple mitotic figures

Chromosomal translocations t(8;14)(q24;q32) in 60-70% of cases; t(8;22)(q24;q11) in 10-15% cases; t(2;8)(p12;q24) in 2-5% cases

Ig region involved Ig heavy chain joining region  Ig switch region                             Not specified
(early B-cell)                                       (late stage B-cell)                             in the literature

EBV association 100% 30%                                               30-50%
CNS = central nervous system Ig = immunoglobulin
EBV = Epstein-Barr virus
Sources: Cancer in Africa, 2003 5 & Cancer Incidence, Mortality and Prevalence Worldwide,  2004.6

BL is included in the World Health Organization (WHO) classi-
fication of tumours of haematopoietic and lymphoid tissues,
with an ICD-O code of 9687/3 for the Burkitt’s lymphoma
nodal modality and the ICD-O code 9826/3 for the Burkitt’s
leukemia modality.4 Morphologically the WHO classification
distinguishes between classical BL, generally observed in eBL
and sBL; BL with plasmacytoid differentiation seen more
commonly among immune deficient children and finally the
atypical Burkitt or Burkitt-like variant.

The unifying characteristic in all patients with BL is the unique
morphology and the chromosomal translocation involving MYC
oncogene,4 which is present in BL irrespective of geographical

Fig.1. Classical Burkitt’s lymphoma.

location, and immunodeficiency status. Burkitt’s cells are
monomorphic cells with round nuclei, multiple nucleoli, and
basophilic cytoplasm with a high rate of proliferation and
spontaneous cell death. Cytoplasm lipid vacuoles are usually
evident on imprints or smears. The rate of cell division is the
highest of any known tumor noted by the very high mitotic
figures. A starry-sky pattern is usually present, imparted by
numerous benign macrophages that have ingested apoptotic
tumor cells (Fig. 1).

Panel  A:  Hematoxylin and eosin stain, high power;
PanelB:CD20 staining showing characteristic membranous

staining (CD20 stain, oil magnification);
Panel C: CD22 stain showing cytoplasmic and focal membranous

staining (CD22 stain, oil magnification);
Panel D: CD52 stain showing strong predominantly cytoplasmic

staining (CD52 stain, oil magnification).
Source: Pediatr Blood Cancer (with permission from Dr. Tomas Alvaro)
Copyright © 2005 Wiley-Liss, Inc., A Wiley Company
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Fig.2. Age specific incidence rate of Burkitt’s lymphoma in Uganda for girls and boys.5

2. The burden of Burkitt lymphoma in Africa
BL which is endemic in Africa affects mainly children, and boys seem to be more susceptible than girls (Fig.

2).5

Data form Globocan 2002  has been used to
estimate the proportional contribution of different can-
cer sites among children aged 0-14 years in the Kyadondo
County, Uganda for 1993-1997 (Fig. 3).6  The most

Fig.3. Proportional contribution of difference cancer sites among children aged 0-14 years in the
Kyadondo County, Uganda for 1993-1997.6

The geographical distribution of BL can be
derived from the general pattern of incidence and
mortality of Non-Hodgkin Lymphoma (NHL), as BL is
the single most common entity contributing to NHL in
Africa. Figure 4 shows the age-standardized incidence
and mortality rates for NHL in Africa among boys aged

0-14 years. The highest NHL incidence and mortality
rates are seen in Eastern Africa with estimated incidence
rates over 7.5 per 100.000 and mortality rates over 5.7
per 100.000. Incidence and mortality show exactly the
same regional pattern. A similar pattern is observed for
girls.6

common malignancy was Kaposi sarcoma accounting for
29% of all cancers, followed by BL accounting for 20%
of all pediatric cancers and in third position all other
lymphomas accounting for 15% of all cancers.
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Fig. 4 Age-standardized incidence rates for Non-Hodgkin lymphoma in Africa among Boys aged 0-14
years rates per 100,0007

Fig. 4B Age-standardized mortality rates for Non-Hodgkin lymphoma in Africa among
Boys aged 0-14 years rates per 100,000.7

Ad hoc studies indicate that BL is more
common in areas where malaria is endemic. This
geographical variation was investigated by Burkitt, who
pointed out the association between humidity, latitude
and heat as factors linked to the endemicity of malaria
and of BL (see below). However, when looking at the
incidence data by country, it can be seen that BL is more
common in Eastern Africa as compared to other African
countries where malaria is endemic (Fig. 5).

Within the Cancer Registries available in Africa,
the incidence of BL is highest in the cancer registry from
the Kyadondo county, Uganda, with an age-standardized
rate (ASR) per 100.000 of 4.7 for boys and 3.0 for girls
(in all 90 cases reported in a five-year period of
registration). The second ranking registry is Malawi with

ASR per 100.000 of 2.8 for boys and 0.6 for girls. Inci-
dence rates of BL in Mali, Nigeria, Congo and The Gambia
are lower than those reported in Uganda but substantially
higher than those observed in other African Regions (Ta-
ble 2) or in Europe (Fig. 5).  African countries in the
lower range of incidence show values around 1 case per
million which are lower than those observed in France
(8 cases per million) or in The Netherlands (7 cases per
million). Country differences in reporting practices or
real country-based differences are of relevance in order
to evaluate the role of co-factors inducing BL.5

In the recent decades, there has been an increase
in incidence rates of many malignancies, some of which
can be related to changes in lifestyle and the HIV epidemic.
Among the HIV related malignancies, NHL and BL have
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been most affected. In Uganda, BL incidence rates have
been reported to increase from 9.5 per 106 in 1960-71,
to 34.3 per 106   for the period 1991-97. The sex ratio
male: female were 1.6 for the first period and 1.5 for the
later period. The mean age at diagnosis for both periods

was 6.6 years.7 Although part of the increase could be
explained by better case ascertainment, HIV is likely to
have largely contributed to this increase.

Fig.5. Age-standardized incidence rate of Burkitt’s lymphoma among children aged 0-14 for several
cancer registries rates per 100,000.7

Table 2. Age standardized incidence rates of Burkitt’s lymphoma in Africa by gender rates per 100,000.

Burkitt’s lymphoma ASIR (World) (age 0-14)
Region (years reported)      Males       Females
Algeria, Algiers (1993-1997) 0.00 [0.00,0.00] 0.00 [0.00,0.00]
France, La Reunion (1993-1994) 1.21 [-0.50,2,91] 0.00 [0.00,0.00]
The Gambia (1997-1998) 0,78 [0.01-1,55] 1.16 [0.23,2.09]
Mali, Bamako (1994-1996) 0.20 [-0.19,0.59] 0.16 [-0.15,0.47]
Uganda, Kyadondo County (1993-1997) 4.73 [3.45,6.01] 2.98 [2.02,3.95]
Zimbabwe, Harare: African (1993-1997) 0.09 [-0.08,0.26] 0.25 [-0.03,0.54]

ASIR= Age standardized incidence rates
Sources: Cancer in Africa, 2003 5 & Cancer Incidence, Mortality and Prevalence Worldwide,  2004.6

Molecular signatures of BL
BLs cells derive from lymph node germinal center re-
gions where rapidly proliferating B-cell blasts
(centroblasts) differentiate into centrocytes following
hypermutation of the immunoglobulin gene variable
(IgV) region and transform into malignant BL and/or
DLBCL (Diffuse large B cell lymphoma). Several re-
cent reviews have discussed the molecular biology of
BL,8,9 and the central role of c-MYC deregulation in the

pathogenesis of the disease.10 Chromosomal rearrange-
ment of the proto-oncogene c-MYC is the genetic hall-
mark of BL: over 80% of BL cases have a translocation of
MYC at band q24 from chromosome 8 to the Ig heavy
chain regions on chromosome 14, t(8;14). Less fre-
quently rearrangements translocate c-MYC to a posi-
tion close to the antibody genes in chromosome 2 or 22.
In every case, c-MYC finds itself in a region of vigorous
gene transcription (Fig. 6). These translocations contrib-
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ute to lymphoma genesis through alterations in the cell
cycle regulation, cellular differentiation, apoptosis, cel-
lular adhesion, and metabolism. In endemic BL cases
the c-MYC translocation involves the heavy chain join-
ing regions while in sBL or in HIV-associated-BL the
translocation involves the Ig switch region. MYC trans-
locations are not exclusive of BL and can also be de-
tected in other lymphoma subtypes such as T-cell lym-
phomas or multiple myeloma. The WHO classification
requires for a diagnosis of BL a high growth factor, with
Ki67 staining over 99% and evidence of c-MYC rear-
rangement when the analysis is possible. Other genes
may be responsible for the evolution and progression of
BL such as p53 mutations, methylation of death-associ-
ated protein kinase (DAP-kinase), or changes in other
cellular proteins such as p16INK4a or p15INK4b through
gene hypermethylation.11

Fig.6. Burkitt’s lymphoma pathogenesis (devel-
oping hypothesis)

Interaction between genome and life history in disease pathogenesis is illustrated
by the events thought to be responsible for most African cases of Burkitt’s
lymphoma. During infancy, Epstein-Barr virus (EBV) infection (1) drives B-
cell expansion (2), which is held in check (3) unless malaria or AIDS ensues
(4). Afterward, the expanded B cell pool is prone to a chromosomal
translocation (5) that brings the c-MYC oncogene under the governance of
an immunoglobulin gene t(8;14), which includes unbridled cell proliferation
(6).
With copyright.

The differences between high and low inci-
dence regions and HIV associated BL could be partly
explained by different molecular changes in the BL
subtypes. The understanding of the genetic markers of
the disease may elucidate etiological mechanisms induc-
ing BL.

Risk factors for Burkitt’s lymphoma

EBV
Discovery of EBV was a direct outcome of the

clinical description of BL.1,2 The restricted geographic
distribution of BL in Africa led to a hunt for a possible
viral cause and eventually the discovery of a novel human
herpesvirus.12-15 EBV is a lymphotrophic gamma human
herpesvirus widely spread among humans, and was the
first virus to be associated with a human tumor.  Trans-
mission of EBV takes place early in life and is associated
with human contact through saliva.16,17

In Uganda, children with higher baseline titers
to EBV antigens are at a higher risk of developing BL,
and higher antibody levels were detected many years
before BL diagnosis.18 The capacity of EBV to stimulate
B-cell proliferation inducing malignant phenotype
strongly supports an etiological role of EBV in BL.19 In
1997, the International Agency for Research on Cancer
concluded that there was sufficient evidence for the car-
cinogenicity of EBV in the causation of BL.20

EBV may play a role in the pathogenesis of BL
by deregulation of c-MYC though (a) potentiation of c-
MYC activity and clonal expansion, (b) direct mutagen-
esis and (c) immune inactivation leading to escape of
malignant clones. EBV is known to transform resting B
cells into latently infected lymphoblastoid cells. Con-
stitutive expression of the latency state is evidenced by
presence of latent proteins consisting of six EBV nuclear
antigens (EBNAs 1,2,3A, 3B, 3C and –LP) and three
latent membrane proteins (LMPs1, 2A and 2B). The ex-
pression of non-coding poly adenylated small RNAs,
EBER1 and EBER2, called latency III, are observed. The
expansion of the B-cell pool as a result of the co-infec-
tion with EBV is regulated by the immune system;
immunosupression caused by infections such as HIV and
malaria could lead to chronic stimulation of B-cells in-
creasing the risk of c-MYC translocation and other mu-
tations. Figure 6 illustrates the relationship between EBV,
malaria infection and the genetic changes that drive the
B-cell into BL.

Malaria
Infections with P. falciparum in holoendemic

equatorial Africa may occur throughout the year, the first
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infection usually occurring during the first year of life,
peaking at around age 5 and leveling off after age 10.
After repeated infections tolerance to P. falciparum infec-
tion may appear after age 8 years.  Although P. falciparum
is not considered as an oncogenic agent, its role in the
development of BL has been suggested by the shared
geographic distribution of eBL and holoendemic ma-
laria.  Both diseases show highest incidence rates in the
lymphoma belt or malaria belt, an area around the equa-
torial Africa (+/-10º) where average temperature ex-
ceeds 15.5ºC and have yearly rainfall higher than 50 ml.
Endemic BL outside Africa is seen in other malaria
holoendemic areas such as Papua New Guinea while it is
also observed in Brazil where malaria is not
holoendemic.21 The fact that eBL is associated to EBV
infection has induced research towards a joint mecha-
nism of action between P. falciparum and EBV infection.
The review by Rochford et al.22 summarizes the path-
ways by which both infections could induce eBL: ma-
laria could disrupt immune response against EBV, lead-
ing to BL. Further, reduction of BL incidence was ob-
served in areas where malaria was eradicated, and BL
onset delayed among subjects migrating from a low to
high-risk malaria areas. Co-variation between suscepti-
bility to malaria and BL has been documented. Some
haemoglobinopathies, such as sickle cell trait or haemo-
globin trait, have a protective effect against malaria and
BL.23 Children living in malaria areas have high immu-
noglobulin levels, a marker of an increased immune re-
activity to P. falciparum. However, there has never been a
conclusive population study in support of a direct role
of malaria in causation of BL. In Tanzania, where BL rates
are high,24 intervention with Cloroquine chemoprophy-
laxis against P. falciparum  infection in children dimin-
ished by three fold the incidence of BL, but this was
followed shortly thereafter by a rebound in the BL inci-
dence rates despite chemoprevention. Thus, there is still
need for a population model to understand the specific
role of P. falciparum in the causation of BL: the effect of
age at first P. falciparum infection, percent of cells in-
fected and recurrence rates of malaria are yet to be un-
derstood.

Arbovirus, a RNA virus transmitted by insect
vectors, may play a role as final cofactor in the etiology of
eBL by inducing cell growth and B-cell hypermutation,23

but data-supporting hypothesis are scarce.

HIV
BL has been reported as an common neoplasm

in HIV infected patients, but not in other forms of
immuno-depression. HIV associated BL display an acti-
vation of c-MYC by chromosome translocations that

show structural similarities to those found in patients
with sporadic BL. Nonetheless, most AIDS related BLs
in Western countries are EBV negative, whereas in Africa
they are strongly associated with EBV. However, the as-
sociation BL-HIV has been detected at a lower rates in
Africa as compared to that observed in the western
world.25,26 Recent data show a gradual rise of BL inci-
dence rates as well as other HIV related tumors. The
impact of AIDS on the incidence of Non-Hodgkin’s
lymphoma in Africa is just beginning to be systematically
studied and changes in the profiles in Sub Saharan Africa
are emerging.27,28 Still, BL in children are more likely to
be of the endemic form than the one associated to HIV,
as shown by two studies from Uganda,29,30 although
another study31 have identified a strong association
between HIV and BL in children in Kampala. The rise in
childhood lymphoma and especially of BL in some
regions of Africa is not clearly understood but suggests a
possible association with HIV. Poor survival of children
infected with HIV perinatally (only 34% survive to the
age of 3 years)32 has been suggested as one of the
explanations for the lack of association found in some
studies. In adults, 3-fold increase in BL (66% HIV+)
between 1992-1996 was reported in a survey in Ke-
nya,33 a finding further supported by data from Uganda
indicating an increase in adult BL as a subset of NHL in
HIV infected adults.29,34

Other factors
Socioeconomic factors

The impact of socioeconomic factors in the dis-
tribution and clinical characteristics of BL is unclear:
poverty lowers the age of initial EBV infection, and early
exposure to EBV could be a trigger for BL
development.35,36 In Nigeria no clear association between
low socio-economic status and type of lymphomas was
described,37,38 while in Ghana, BL developed following
the pattern of westernized, rich societies, where tumors
were more likely to be presented as an abdominal tumor
compared with jaw tumor and more males than females
presenting with abdominal tumors.39  Socio-economic
factors should be regarded as a surrogate marker for
exposure to those factors believed to play an etiological
role; low socioeconomic factors may also be associated
with a poor defense response toward environmental
exposures due to poor nutrition and/or poor hygienic
conditions.

 Herbal exposure: The sap of the milk bush (Euphorbia
tirucalli  spurge) and other Euphorbiaceae species
are possible environmental risk factors for BL due to
their ability to activate the viral replication cycle in the
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latent phase of EBV-infected cells. The milk bush is a
succulent plant containing rubbery, white latex, which
grows as shrub or small trees in many parts of tropical
Africa (Fig. 7). Extract of Chinese and African
Euphorbiacae plants, including several Croton
species were able to enhance the EBV-induced transfor-
mation of human lymphocytes.40 This effect of the plant
sap was attributed to its content of croton oil, the parent
compound of the tumour promoter TPA (12-O-
tetradecanoylphorbol-13-acetate) which enhances EBV-
induced transformation of human lymphocytes.41 TPA
induces the expression of the viral immediate-early
protein BZLF1 through a posttranslational mechanism
involving protein kinase C (PKC) - dependent
phosphorylation.42 Low concentrations of crude
E.tirucalli latex extracts is capable of reactivating the EBV
lytic cycle in a dose-dependent manner through activa-
tion of a PKC pathway.43 E. tirucalli contains diterpene
esters including 4-deoxyphorbol ester.44,45 In a study of
human cord-blood B-lymphocytes exposed
concomitantly to EBV and 4-deoxyphorbol ester
purified from E. tirucalli c-MYC expression and chro-

mosome aberrations typical for BL were induced, such
as translocations involving the long arm of chromosome
8. These changes were not induced by EBV or 4-
deoxyphorbol ester alone.46 These reports suggest a
possible role of extracts E. tirucalli and other
Euphorbiaceae species in the development of BL
through activation of the lytic cycle of EBV-infected cells,
and promoting a sustained production of infectious vi-
rus.  This role of Euphorbiaceae species as possible
environmental co-factors in the pathogenesis of eBL is
supported by the finding from Malawi 47 where the plant
is found more often at the homes of eBL patients than in
those of controls. Euphorbiacae plants are used
traditionally in many cultural activities in tropical Africa,
including the Lake Victoria Basin, such as religious,
wedding and birth of twin ceremonies, human (to treat
sore throat, headache, diarrhoea and wounds) and
veterinary medicine, as a poison for fishing, and for cons-
truction of shrines and protective fences,44,45,48-50 and
may be in children’s plays.43

Fig.7. Euphorbia tirucalli.

Photos with permission by; a) Clement Duret, b) Walter Minuth, c) Kazuo Yamasaki and Raintree Nutrition, Inc.
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Other environmental factors to be considered in Africa
should include schistosomiasis21 and exposure to pesti-
cides:  for both, the evidence supporting this association
is sparse.

Summary
There is evidence for causal relation of EBV infection
and BL at a population level in equatorial Africa, although
the mechanisms of carcinogenesis are not completely
understood. The role of malaria and HIV in the
development of BL is not clearly elucidated. The role of
socioeconomic factors, infectious agents leading to
disturbance of immunity such as schistosomiasis, viral
infections such as arboviruses, and exposure to
environmental factors, such as exposure to E. tirucalli
and other Euphorbiaceae, need to be further elucidated.
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