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MEETING REPORT Open Access

Burkitt lymphoma research in East Africa:
highlights from the 9th African organization for
research and training in cancer conference held
in Durban, South Africa in 2013
Kenneth O Simbiri1, Joshua Biddle2, Tobias Kinyera3, Pamela Akinyi Were4, Constance Tenge5, Esther Kawira6,

Nestory Masalu7, Peter Odada Sumba8, Janet Lawler-Heavner9, Cristina D Stefan10, Franco M Buonaguro11,

Detra Robinson9, Robert Newton12, Joe Harford13, Kishor Bhatia13 and Sam M Mbulaiteye13*

Abstract

A one-day workshop on Burkitt lymphoma (BL) was held at the 9th African Organization for Research and Training

in Cancer (AORTIC) conference in 2013 in Durban, South Africa. The workshop featured 15 plenary talks by delegates

representing 13 institutions that either fund or implement research on BL targeting AORTIC delegates primarily

interested in pediatric oncology. The main outcomes of the meeting were improved sharing of knowledge and

experience about ongoing epidemiologic BL research, BL treatment in different settings, the role of cancer registries

in cancer research, and opportunities for African scientists to publish in scientific journals. The idea of forming a

consortium of BL to improve coordination, information sharing, accelerate discovery, dissemination, and translation

of knowledge and to build capacity, while reducing redundant efforts was discussed. Here, we summarize the

presentations and discussions from the workshop.

Introduction

On November 20, 2013, scientists from 13 institutions

held a one-day pre-conference workshop during the 9th

African Organization for Research and Training in

Cancer (AORTIC) conference in Durban, South Africa

(Additional file 1: Table S1) [1]. The workshop was mo-

tivated by a positive response to a successful 3-hour satel-

lite meeting organized by Epidemiology of Burkitt

Lymphoma in East-African Children and Minors (EMBLEM)

at the 8th AORTIC conference in 2011 in Cairo, Egypt to

highlight research sponsored by the Intramural Research

Program of the National Cancer Institute (NCI) in East

Africa and in Ghana. The workshop objectives were to

highlight Burkitt Lymphoma (BL) research in East Africa,

one of the regions with the highest recorded rates of BL,

and highlight the seminal contribution of BL research to

cancer research in general and in Africa in particular. The

workshop aimed to increase awareness about ongoing

funded BL research, including epidemiology, treatment,

and immunology; and to highlight the importance of

cancer registration, capacity-building, and scientific

publication in BL research in East Africa. The workshop

also provided a platform to discuss ways to improve

collaboration. Here we summarize the presentations,

discussions, and conclusions from the workshop.

The EMBLEM study

The workshop began with a presentation by Dr. Mbulai-

teye about the objectives, design, and timeline of the

EMBLEM Study (http://emblem.cancer.gov/). EMBLEM is a

biomolecular-epidemiologic study funded by the Intramural

Research Program of the National Cancer Institute (NCI) in

collaboration with local investigators in Uganda, Tanzania,

and Kenya (Figure 1). The objectives are to investigate the

link between infections with Plasmodium falciparum (Pf)

malaria, Epstein-Barr virus (EBV) and genetic risk factors

with BL. Since BL is the most common childhood cancer,

and Pf malaria, the putative cause, is the leading cause of
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morbidity and mortality in East Africa, findings from

EMBLEM could influence the scope and direction of cancer

research, care, prevention in East Africa. Historically,

BL research in Africa has influenced oncology practice [2],

including the first effective use of chemotherapy for BL,

first demonstrated in the East Africa [3], and then used

elsewhere and for other types of cancer [4]. Those early

studies showed the value of combination therapy and

CNS prophylaxis [5]. The uneven geographical patterns of

BL, notably high incidence in low-lying humid areas

in Africa suggested infectious etiology [6] and led to

the discovery in 1964 of Epstein-Barr virus (EBV) [7] as

the first human virus associated with a human cancer [8].

Today, EBV is designated as a Class 1 carcinogen for

BL and is implicated in several other cancers [9].

EBV cooperates with co-factors, particularly Pf malaria

[10], which was implicated based on correlational

studies of the geographical distribution of Pf malaria with

that of BL. Recent studies using anti-malaria antibody

assays are providing strong evidence for a role of malaria

in BL [11]. The results from these studies are difficult

to interpret because antibody levels may change after

disease onset (i.e., reverse causality bias). To overcome

this limitation, some investigators have measured genetic

polymorphisms in the hemoglobin gene that confer

resistance to severe fatal forms of malaria among

heterozygotes [12] to investigate the link between

malaria and BL. Genetic polymorphisms are ideal because

they are not subject to reverse causality bias and their dis-

tribution is governed by Mendelian randomization in the

population [13]. Only three small studies, all conducted

40 years ago in Nigeria [14], Uganda [15] and in Ghana

[16], have used this approach. They measured

hemoglobin electrophoretic patterns for the sickle cell

trait, which is associated with 70-90% protection from

severe malaria [17], in cases and controls. In the

study conducted in Nigeria, the frequency of the

sickle cell trait in 95 BL cases was half that found in

320 age- and sex-matched hospital controls [14]. However,

these results were not replicated in the other two studies

conducted in Uganda (36 cases and controls) [15] or in

Ghana (110 cases and 110 controls) [16] or in a recent

Figure 1 Map of East Africa showing six regions of the EMBLEM study area.
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study that was conducted in Kenya looking at 306 cases

and 537 ethnically matched controls [18]. These inconsist-

ent results do not invalidate the genetic approach because

the sickle cell trait may account for only 2% of the

malaria risk whereas genetic factors [19] account for

25% of malaria risk [20]. Thus, further studies are

needed to evaluate effects of multiple genes simultan-

eously and also take into account epistatic (positive and

negative) relationships between genes [19] to obtain

valid results. One objective of EMBLEM is to enrol

1500 BL cases from six rural regions in East Africa

where malaria transmission is holoendemic year round

[21] and two healthy location-matched controls per BL

case. The study will compare the cases and controls for 44

polymorphisms in 25 genes that are associated with Pf

malaria resistance [21]. In secondary analyses, association

of being a case with tag SNPs in the 25 genes will be eval-

uated to identify associations with non-candidate SNPs

(SNPs with no association with malaria disease). Dr.

Mbulaiteye noted replication of EMBLEM findings is

needed and called for other studies to be conducted in

similar settings, particularly in West Africa. He empha-

sized the importance of standardization of protocols

through collaboration to accelerate the pace of discovery,

replication, and translation, with the ultimate objective be-

ing to improve care and prevent BL.

Dr. Tobias Kinyera, EMBLEM Study Coordinator in

Uganda, reviewed the recent epidemiology of BL in Uganda.

He noted that the geographical patterns of incidence since

2000 mirror the historical patterns noted 40 years ago. The

incidence was lowest (0.1 cases per 100,000 children) in

Western Uganda and highest (2–15 cases per 100,000) in

northern Uganda [22]. However, while BL in the 1960s was

typically described as affecting jaws [23], the predominant

presentation today was mostly abdominal with or without

facial tumors [22]. Similar changes in anatomic site presen-

tation have been reported in Ghana [24], but the reasons

underlying these changes in predominate anatomic presen-

tation are unknown. He speculated that greater availability

of ultrasound, which provides more accurate information

about anatomic site involvement in the abdomen than was

possible using only clinical examination [25], might be re-

sponsible. Dr. Kinyera reported that the EMBLEM study is

being implemented in northern Uganda and that the cases

spotted in that region are referred to two local hospitals

with the capacity to diagnose and treat BL. To increase case

spotting in the region, EMBLEM has trained local health

workers and community stakeholders to increase their

awareness about BL and to encourage them to refer the

cases to the study hospitals for biopsy, histological diagnosis

and early treatment [26]. These procedures (spotting and

referral) have been integrated within the local community

health system (the main stakeholder) workflow. The

procedures were leading to broad-based improvements in

community engagement [21], diagnostic pathology [27],

and consistent use of protocol-based treatment for BL [26].

In concluding remarks, Dr. Kinyera noted that basic labora-

tory upgrades implemented to facilitate research sample

collection and long-term storage have enabled fieldwork to

be conducted in the rural areas of northern Uganda. To

date, 427 potential BL cases have been spotted and 220 of

them have been enrolled into the study. During the same

period, 1201 location-matched controls had been enrolled.

Dr. Esther Kawira, EMBLEM Study Co-PI in Tanzania,

reported that infrastructure improvements similar to those

described in Uganda had also been implemented to support

EMBLEM scientific research in rural Tanzania. These

include high-speed internet to support communication,

data faxing and access to the EMBLEM share portal for

secure transfer of sensitive research data, study protocol

archives; basic research equipment such as ultra-low

freezers, QBC hematology analyzers, and bench-top centri-

fuges. In addition, the staff was trained in good clinical and

laboratory practice. Dr. Kawira noted that an analysis of

historical BL data had revealed that BL incidence patterns

(2000 to 2010) in northern Tanzania had not changed

much from 40 years ago and the incidence varied from 2

cases per 100,000 in the Mwanza Region to 22 cases per

100,000 in Tarime in the Mara Region [28]. An unexpected

finding was that the incidence of BL fell between 2005 to

2009, the reasons for which were not clear [28]. To date

298 potential BL cases have been spotted and 60 of these

were eligible and have been enrolled. Control enrollment is

scheduled to begin in 2014.

Dr. Constance Tenge, EMBLEM Co- PI in Kenya,

reported on EMBLEM in Kenya. She noted that an

environment of relative competition characterized the

work in Kenya since there were several groups who

had initiated or had plans to initiate BL studies in

overlapping geographical areas but with little coordination

across them. This has created unique challenges about how

to present a simple and positive message about BL to the

community. Consistent with the principle of community

engagement [21,26], EMBLEM had established field sites at

Homa Bay and Webuye District Hospitals, and established

a contract with the Academic Model Providing Access to

Healthcare (AMPATH) [29] at Moi Teaching and Referral

Hospital (MTRH) to use their laboratories for long-term

sample storage and another contract with MTRH for

histological diagnosis of BL. To date, 258 potential BL cases

have been spotted and 90 of these have been enrolled.

Control enrollment is scheduled to begin in 2014.

Dr. Kishor Bhatia, EMBLEM Co-PI and adjunct

Investigator in the Division of Cancer Epidemiology and

Genetics at NCI, gave an overview titled “Molecular

studies: What is possible within EMBLEM structure?”

He noted that the design of EMBLEM to enroll a large

number of cases from diverse geographical areas is an
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excellent platform for molecular studies to investigate

host-pathogen interaction in BL carcinogenesis [30,31].

The use of biopsy confirmed cases and collection of

residual tissue to verify the diagnosis of BL was a strength

[27], which had already enabled EMBLEM to contribute

to one study of functional genomics of BL [30]. Tissues

from EMBLEM were used to confirm mutations affecting

the transcription factor TCF3 (E2A) or its negative

regulator ID3. These genes influence the signaling of the

pro-survival phosphatidylinositol-3-OH kinase pathway

that had been discovered through the study of BL tumor

cell lines. These studies have indicated substantial differ-

ences in the percentage of mutated CCND3 by BL

subtype (38% CCND3 in sporadic BL vs. 1.8% in en-

demic BL) [30]. These results pave the way to use

high-resolution SNP arrays to study endemic BL as

has been done in sporadic BL [30,32,33], and point to

exciting possibilities for discovery of molecular abnormal-

ities that initiate or drive malignant growth in African

BL cases and the possible interaction with EBV [34].

Furthermore, high-resolution SNP array studies could

shed light on the molecular heterogeneity of BL and

suggest novel ways for molecularly targeted treatment of

BL [2] or lead to discovery of non-human sequence data

suggesting novel viral sequences or EBV variants that may

be correlated with BL tumor development [2].

Dr. Peter Odada, Senior Researcher at KEMRI and

EMBLEM Co-PI in Kenya, discussed the relationship

between malaria and BL in Kenya [35]. Given the negative

impact of malaria on health and nutrition, he speculated

that micronutrient deficiency compounded by malaria

infection might influence the risk of BL. In support of this

idea, he shared the results from his recent study in Kenya

showing that children living in high BL incidence areas

were more likely to have lower Glutathione peroxidase

(GPx) levels and higher EBV viral loads than children

from low BL incidence areas [36].

Dr. Kenneth Simbiri, Instructor of Microbiology and

Immunology at SUNY Upstate Medical University,

presented a paper titled “Cancer in Africa in 21st

Century: Paradigm Shift”. He reviewed recent literature

about associations between viruses and cancer and noted

the unacceptably high burden of infection-associated

cancers in Africa, including cervical, vulvar, conjunctival,

and anal [8]. Given the overlap of high HIV rates in Africa

with many virally associated cancers, he stressed the need

for studies to be conducted about infectious agents

causing cancer and utilizing that knowledge in cancer

control efforts in Africa [37-39].

Dr. Juliana Otieno, Pediatrician and Chief Administrator

of Jaramogi Oginga Odinga Teaching and Referral

Hospital (JOOTRH) in Kisumu, Kenya presented a paper on

Burkitt lymphoma incidence in Western Kenya: experience

from JOOTRH. Dr. Ann Moormann, Associate Professor at

the University of Massachusetts Medical School,

Worcester, MA, USA and a Visiting Scientist at KEMRI,

presented a paper on EBNA T cell responses in BL in

Kenya. The details of these presentations are not included

in this report as they contain unpublished data.

Treatment of Burkitt lymphoma in South Africa

Dr. Cristina Stefan, Professor and Head of Pediatric

Oncology, University of Stellenbosch presented her

data on “BL in HIV positive children in South Africa

during 1990 – 2008 from the South African pediatric

cancer registry” [40,41]. Dr. Stefan reported that the

survival rate for Hodgkin lymphoma was 45.8% in

HIV positive children compared to a survival rate of

80% in HIV-negative children. Likewise, mortality in HIV

positive children with BL was high due to toxicity of

treatment, and up to 10% could not be treated because of

unstable clinical conditions. Dr. Stefan noted that although

all cases of BL in South Africa were histologically,

cytogenetically, or immunohistochemically tested, there

was still a need for consistency across diagnostic types

since there is no “gold standard” for BL diagnosis [27].

She expressed willingness to share tissues from her cases

for genetic studies of BL.

Cancer registration as a catalyst for research in Burkitt

lymphoma

Dr. Robert Newton, who has longstanding research

experience conducting cancer research in sub-Saharan

Africa and is the representative of the International

Agency for Research on Cancer (IARC) Global Initiative

for Cancer Registration in Africa, presented an overview

about the role of cancer registries in cancer research.

Focusing on BL as a model disease, he illustrated the

challenges of cancer registration. He noted that the first

challenge for cancer research and registration is defining

the cancer of interest using reproducible criteria. Histology

is the typically accepted standard for diagnosis of cancer,

including of BL, but the lack of high-quality histology in

Africa undermines the confidence in African cancer data

[27,42]. Improvements in the quality of formalin-fixed

and formalin-embedded tissues would enable the use

of immunohistochemistry and cytogenetics for diagnosis,

particularly of BL, and improve confidence in the data.

The second challenge is identifying all the cases of cancer

that occur in a well-defined population. To generate

accurate cancer statistics (incidence and mortality), the

population at risk that is covered by a particular registry

needs to be defined, and all the cases occurring in the

population need to be identified. Both definition of

population at risk and obtaining complete cancer data

are difficult to achieve in Africa given the lack of accurate

census data for most countries [43,44], and the low level

of service provision or access. Together, these difficulties

Simbiri et al. Infectious Agents and Cancer 2014, 9:32 Page 4 of 8

http://www.infectagentscancer.com/content/9/1/32



introduce uncertainty in cancer statistics from Africa.

Dr. Newton noted that registration of childhood cancers,

which are rare and often present as look-alikes to many

common childhood conditions, such as jaw or abdominal

swellings and anemia in the case of leukemia, could be even

more challenging. Over or under-diagnosis could have a

large impact on estimation of the incidence of rare cancers.

On the question of whether to establish a BL registry,

Dr. Newton recommended establishing or strengthening

general cancer registries to register all cancers, including

those in children. A general cancer registry would facilitate

the conduct of comparative studies of different cancers

and studies of cancer-specific trends. Since BL in Africa is

strongly associated with Pf malaria, cancer registry stud-

ies could be used to monitor BL trends in relation to

interventions to prevent Pf malaria in holoendemic areas

and thereby provide indirect evidence for the association

between Pf malaria and BL.

Opportunities for African scientists to publish

On behalf of Dr. Franco Buonaguro, Editor-in-Chief

of Infectious Agents and Cancer journal (http://www.

infectagentscancer.com/), Dr. Mbulaiteye described the

importance of scientific publication and encouraged

African scientists to take advantage of open-access

journals. He explained that Infectious Agents and Cancer

journal has prioritized papers reporting data on infectious

agents that cause or are linked to cancer. This focus is

important for Africa where up to one-third of cancers are

caused by infections [45]. Moreover, the open access

policy guarantees that published research can be accessed

immediately via any internet connection. To increase

access to authors from low and middle income countries

(LMICs) and sharpen focus, the journal has added

sections on Clinical Oncology [46] and Cancer Centers in

Resource Limited Settings [47]. In addition, the journal

routinely waives Article Publishing Charges for up to six

articles submitted by scientists from LMICs who lack

grant support for their publication. Finally, he reported

that Thomson Reuters are tracking the journal citations

for “Impact Factor” assessment with expected publication

of results in June 2014. This should further strengthen the

mission of Infectious Agents and Cancer.

Capacity building for cancer research in Africa

Dr. Joe Harford of the NCI presented a talk entitled

“Capacity Building in Africa” that outlined concrete ways

the NCI is supporting cancer research and prevention in

Africa [48]. To overcome the hurdle of preliminary data

from a grant provider’s point of view, which is critical

for funded grants, the NCI has funded through AORTIC

“Beginning Investigator Grants for Catalytic (BIG CAT)”

Research in 2010 to support young researchers in Africa

to conduct studies that could lead to grant applications

by African scientists [26]. Dr. Harford noted that BIG

CAT grants have no categorical exclusions on the type

of cancer research performed (bench, clinical, or epidemio-

logical), but the projects should have a short lifespan (two

years) and should be preliminary in nature. To date, 12

two-year BIG CAT grants have been awarded to African

scientists (Figure 2). The NCI also supports a four-week

Summer Cancer Prevention Fellowship each year in

Bethesda, Maryland, where African scientists (alongside

scientists from all over the world) can learn about cancer

research methods. To date, 118 researchers from Africa

have attended this course, including five who are working

with EMBLEM or affiliated institutions. Finally, the NCI is

funding pilot collaborations between US based cancer

centers and their collaborators in LMICs via supplement

to the P30 core grant of the US based institution.

Future directions: a consortium of Burkitt Lymphoma

studies in Africa

Ms. Detra Robinson from Westat, in Rockville, MD,

discussed the challenges of studying BL, which is a rare

condition. For example, despite the substantial amount of

data reported at the meeting, one of the striking limitations

highlighted was small sample size to obtain robust results.

Other limitations were use of non-uniform methods of case

spotting sample collection, diagnosis and treatment. All

these limitations complicate meaningful comparisons

within and across studies. She noted that the model

adopted by EMBLEM to link multiple sites within and

across several countries is worth considering and, if

possible, expanding. Citing experiences from developed

countries, where large-scale international collaborations

have been established to study rare diseases, Ms. Robinson

advanced the idea that the limitations noted above could be

minimized by forming a consortium of BL research in

Africa. Consortia provide a platform for long-term, large,

well-powered studies. The successful establishment of

EMBLEM in three East African countries increases

our confidence that this type of consortium is possible in

Africa. The consortium would reduce costs of research by

reducing duplication, redundancy, and it would support

linking clinical and basic immunology or molecular studies

to the ongoing epidemiological work. Notwithstanding

the challenges of forming a consortium, including obtain-

ing funding, negotiating intellectual property and publica-

tion rights, and country specific-regulations, the benefits

could be enormous.

Panel discussion

The session ended with a lively panel discussion that

included, among others, Drs. Harford, Newton, Bhatia

and Mbulaiteye, and was moderated by Dr. Simbiri.

Discussion included governance of a BL consortium, the

research questions the consortium would address, and
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advantages of a consortium versus single-center studies.

The multifactorial etiology of BL and its rare occurrence

ensures that no single study will have sufficient expertise or

power to address all the important questions. A consortium

approach would enable faster integration of findings by

providing efficient and cost-effective sharing mechanisms

of research data and samples to a group of otherwise

independent scientists from varying disciplines. Panel

members sought to distinguish between the capability of

collecting data and the necessity for data uniformity. The

issue of coordinating multi-country ethical review board

approvals and risks of delays in implementation and

amendments of protocols was raised. Dr. Harford pointed

out that EMBLEM is a mini-consortium and its experience

of obtaining multi-country ethical review board approvals

suggests that ethical approval and protocol coordination at

a consortium level is possible. He concurred that governing

procedures need to be established early in to manage

expectations and minimize conflict. Dr. Mbulaiteye

explained how EMBLEM has attempted to standardize

research methods across the collaborating sites and he

agreed that obtaining ethical approvals and coordinating

protocol implementation across multiple sites is a challenge

that must (and could) be overcome. Consortii provide

a cost-effective platform for discovery, including in

sub-group analyses. With few opportunities to replicate

findings within a single study, a consortium would provide

a structure for combining many small studies with limited

available data and biospecimens. The consortium could

borrow established procedures for sharing data and samples

and the governance from successful consortia

Dr. Bhatia and Dr. Newton encouraged the BL investiga-

tors to consider extending the consortium to groups outside

Africa, such as Brazil, India, or Papua New Guinea, who

have similar or related research interests. Dr. Newton noted

that the key to collaboration is a willingness to engage and

that was necessary to address the difficulties of establishing

a consortium. If there is an initial willingness to work

together, there can be a consortium. The sentiment was that

there will be challenges at the beginning, but the objective

of forming a consortium is attainable. The critical issues

to be resolved were governance structure, funding, and

harmonization of objectives. On the question of a BL specific

consortium versus an all cancer consortium, Dr. Harford

suggested staying focused and limiting the consortium

to BL. Furthermore, he encouraged the researchers to

define metrics for assessing success, e.g., establishing

a bioinformatics infrastructure or a tissue repository, such

as is being done for the Human Heredity and Health (H3)

African project and nurturing and supporting investiga-

tors to obtain independent funding, such as from the BIG

CAT grants.

Conclusion

The main outcomes of the meeting were improved sharing

of knowledge and experience about ongoing epidemiologic

BL research, BL treatment in different settings, the role of

cancer registries in cancer research, and opportunities for

Figure 2 Maps showing countries from which Letters of Intent (LOI’s) were received for Beginning Investigator Grants for Catalytic

research (BIG Cat). The BIG Cat initiative is overseen by the African Organization for Research and Training in Cancer (AORTIC) with funding to

date having been provided by the U.S. National Cancer Institute. The application process involves submission of a LOI followed by a request for

and submission of a full project proposal. One review criteria for applications is relevance to the cancer burden of Africa. Between Cohort #1

(2011) and Cohort #2 (2013), awareness of this funding opportunity increased as reflected in the number of LOI’s received as well as countries

represented by the applicants.
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African scientists to publish in scientific journals. The idea

of forming a consortium of BL to improve coordination,

information sharing, accelerate discovery, dissemination,

and translation of knowledge and to build capacity, while

reducing redundant efforts, was discussed.

Additional file

Additional file 1: 9th International conference of aortic emblem.

Selected NCI funded reasearch on Burkitt lymphoma. Table 1: Agenda

for the EMBLEM pre-conference workshop held at the 9th African

Organization for Research and Training in Cancer in Durban South Africa.

Competing interests

The authors of this paper declare that they have no financial commitment to

any organization. The authors do not hold any stocks or shares in an

organization that may in any way gain or lose financially from the

publication of this manuscript, either now or in the future. The authors do

not hold or are currently applying for any patents relating to the content of

the manuscript nor have received reimbursements, fees, funding, or salary

from an organization that holds or has applied for patents relating to the

content of the manuscript. The authors have no other financial competing

interests or non-financial competing interests (political, personal, religious,

ideological, academic, intellectual, commercial or any other) to declare in

relation to this manuscript. The opinions in the manuscript do not necessarily

reflect the views of the National Cancer Institute, or the National Institutes of

Health, Department of Health and Human Services or the United States

Government.

Authors’ contributions

SMM conceived the idea, KOS and SMM facilitated the meeting, and JB took

notes during the meeting and drafted the manuscript with KOS. TK, EK, PAW,

NM, POS, CT, JLH, CS, FB, DR, RN, JH, KB made oral presentations, discussed

and interpreted data. All of the authors read, edited, and approved the final

draft of the manuscript.

Acknowledgements

The authors would like to thank the AORTIC Secretariat and MICROGEM,

Napoli, Italy for supporting the workshop.

Author details
1State University of New York (SUNY) Upstate Medical University, New York,

NY, USA. 2University of California at San Francisco, San Francisco, CA, USA.
3EMBLEM Study, St. Mary's Hospital, Lacor, Uganda. 4EMBLEM Study, Moi

Teaching and Referral Hospital, Eldoret, Kenya. 5EMBLEM Study, Moi

University, Eldoret, Kenya. 6EMBLEM Study, Shirati Health Education and

Development (SHED) Foundation, Shirati, Tanzania. 7Bugando Medical

Center, Mwanza, Tanzania. 8Kenya Medical Research Institute, Kisumu, Kenya.
9Westat, Inc, Rockville, MD, USA. 10University of Stellenbosch, Cape Town,

South Africa. 11Instituto Nazionale Tumori, Naples, Italy. 12University of York,

Heslington, York, United Kingdom/Medical Research Council/International

Agency for Research on Cancer (IARC), Lyon, France. 13National Institutes of

Health/NCI/DCEG, 9609 Medical Center Dr, Rm. 6E118 MSC 9704, Bethesda,

MD 20892-9704, USA.

Received: 5 June 2014 Accepted: 18 August 2014

Published: 11 September 2014

References

1. Williams CK, Cristina Stefan D, Rawlinson F, Simbiri K, Mbulaiteye SM: The

African organisation for research and training in cancer and its

conferences: a historical perspective and highlights of the ninth

international conference, Durban, South Africa, 21–24 November 2013.

Ecancermedicalscience 2014, 8:396.

2. Mbulaiteye SM: Burkitt Lymphoma: beyond discoveries. Infectious agents

and cancer 2013, 8(1):35.

3. Burkitt D: Chemotherapy of jaw lymphomata. East Afr Med J 1965,

42:244–248.

4. Ziegler JL: Burkitt's lymphoma. N Engl J Med 1981, 305(13):735–745.

5. Magrath I: Towards curative therapy in burkitt lymphoma: the role of early

african studies in demonstrating the value of combination therapy and

CNS prophylaxis. Advances in hematology 2012, 2012:130680.

6. Burkitt D: A children's cancer dependent on climatic factors. Nature 1962,

194:232–234.

7. Epstein MA, Achong BG, Barr YM: Virus particles in cultured lymphoblasts

from Burkitt's lymphoma. Lancet 1964, 1(7335):702–703.

8. Harford JB: Viral infections and human cancers: the legacy of Denis

Burkitt. Br J Haematol 2012, 156(6):709–718.

9. Bornkamm GW: Epstein-Barr virus and its role in the pathogenesis of Burkitt's

lymphoma: an unresolved issue. Semin Cancer Biol 2009, 19(6):351–365.

10. Burkitt DP: Etiology of Burkitt's lymphoma–an alternative hypothesis to a

vectored virus. J Natl Cancer Inst 1969, 42(1):19–28.

11. Aka P, Vila MC, Jariwala A, Nkrumah F, Emmanuel B, Yagi M, Palacpac NM,

Periago MV, Neequaye J, Kiruthu C, Tougan T, Levine PH, Biggar R,

Pfeiffer RM, Bhatia K, Horii T, Bethony J, Mbulaiteye SM: Endemic Burkitt

lymphoma is associated with strength and diversity of Plasmodium

falciparum malaria stage-specific antigen antibody response. Blood 2013,

122(5):629–635.

12. Hill AV: The immunogenetics of resistance to malaria. Proc Assoc Am

Physicians 1999, 111(4):272–277.

13. Didelez V, Sheehan N: Mendelian randomization as an instrumental variable

approach to causal inference. Stat Methods Med Res 2007, 16(4):309–330.

14. Williams AO: Haemoglobin genotypes, ABO blood groups, and Burkitt's

tumour. J Med Genet 1966, 3(3):177–179.

15. Pike MC, Morrow RH, Kisuule A, Mafigiri J: Burkitt's lymphoma and sickle

cell trait. Br J Prev Soc Med 1970, 24(1):39–41.

16. Nkrumah FK, Perkins IV: Sickle cell trait, hemoglobin C trait, and Burkitt's

lymphoma. AmJTrop Med Hyg 1976, 25(4):633–636.

17. Hill AV: Malaria resistance genes: a natural selection. Trans R Soc Trop Med

Hyg 1992, 86(3):225–226. 232.

18. Mulama DH, Bailey JA, Foley J, Chelimo K, Ouma C, Jura WG, Otieno J,

Vulule J, Moormann AM: Sickle cell trait is not associated with endemic

Burkitt lymphoma: an ethnicity and malaria endemicity-matched case–control

study suggests factors controlling EBV may serve as a predictive biomarker

for this pediatric cancer. International journal of cancer Journal international

du cancer 2014, 134(3):645–653.

19. Hedrick PW: Population genetics of malaria resistance in humans.

Heredity 2011, 107(4):283–304.

20. Mackinnon MJ, Mwangi TW, Snow RW, Marsh K, Williams TN: Heritability of

malaria in Africa. PLoS Med 2005, 2(12):e340.

21. Baik S, Mbaziira M, Williams M, Ogwang MD, Kinyera T, Emmanuel B, Ziegler JL,

Reynolds SJ, Mbulaiteye SM: A case–control study of Burkitt lymphoma in

East Africa: are local health facilities an appropriate source of

representative controls? Infectious agents and cancer 2012, 7(1):5.

22. Ogwang MD, Bhatia K, Biggar RJ, Mbulaiteye SM: Incidence and

geographic distribution of endemic Burkitt lymphoma in northern

Uganda revisited. International journal of cancer Journal international du

cancer 2008, 123(11):2658–2663.

23. Burkitt D: Malignant lymphomata involving the jaws in Africa. J Laryngol

Otol 1965, 79(11):929–939.

24. Nkrumah FK: Changes in the presentation of Burkitt's lymphoma in

Ghana over a 15-year period (1969–1982). IARC Sci Publ 1984, 63:665–674.

25. Marjerrison S, Fernandez CV, Price VE, Njume E, Hesseling P: The use of

ultrasound in endemic Burkitt lymphoma in Cameroon. Pediatr Blood

Cancer 2012, 58(3):352–355.

26. Adewole I, Martin DN, Williams MJ, Adebamowo C, Bhatia K, Berling C,

Casper C, Elshamy K, Elzawawy A, Lawlor RT, Legood R, Mbulaiteye SM,

Odedina FT, Olopade OI, Olopade CO, Parkin DM, Rebbeck TR, Ross H,

Santini LA, Torode J, Trimble EL, Wild CP, Young AM, Kerr DJ: Building

capacity for sustainable research programmes for cancer in Africa.

Nat Rev Clin Oncol 2014, 11(5):251–259.

27. Ogwang MD, Zhao W, Ayers LW, Mbulaiteye SM: Accuracy of Burkitt

lymphoma diagnosis in constrained pathology settings: importance to

epidemiology. Arch Pathol Lab Med 2011, 135(4):445–450.

28. Aka P, Kawira E, Masalu N, Emmanuel B, Brubaker G, Magatti J, Mbulaiteye SM:

Incidence and trends in Burkitt lymphoma in northern Tanzania from 2000

to 2009. Pediatr Blood Cancer 2012, 59(7):1234–1238.

29. Inui TS, Sidle JE, Nyandiko WM, Yebei VN, Frankel RM, Mossbarger DL,

Ayuku D, Ballidawa J: 'Triangulating' AMPATH: demonstration of a

Simbiri et al. Infectious Agents and Cancer 2014, 9:32 Page 7 of 8

http://www.infectagentscancer.com/content/9/1/32



multi-perspective strategic programme evaluation method. SAHARA J

2009, 6(3):105–114.

30. Schmitz R, Young RM, Ceribelli M, Jhavar S, Xiao W, Zhang M, Wright G,

Shaffer AL, Hodson DJ, Buras E, Liu X, Powell J, Yang Y, Xu W, Zhao H,

Kohlhammer H, Rosenwald A, Kluin P, Muller-Hermelink HK, Ott G, Gascoyne RD,

Connors JM, Rimsza LM, Campo E, Jaffe ES, Delabie J, Smeland EB, Ogwang MD,

Reynolds SJ, Fisher RI et al: Burkitt lymphoma pathogenesis and therapeutic

targets from structural and functional genomics. Nature 2012,

490(7418):116–120.

31. Johnston WT, Mutalima N, Sun D, Emmanuel B, Bhatia K, Aka P, Wu X,

Borgstein E, Liomba GN, Kamiza S, Mkandawire N, Batumba M, Carpenter LM,

Jaffe H, Molyneux EM, Goedert JJ, Soppet D, Newton R, Mbulaiteye SM:

Relationship between Plasmodium falciparum malaria prevalence, genetic

diversity and endemic Burkitt lymphoma in Malawi. Scientific reports 2014,

4:3741.

32. Love C, Sun Z, Jima D, Li G, Zhang J, Miles R, Richards KL, Dunphy CH,

Choi WW, Srivastava G, Lugar PL, Rizzieri DA, Lagoo AS, Bernal-Mizrachi L,

Mann KP, Flowers CR, Naresh KN, Evens AM, Chadburn A, Gordon LI,

Czader MB, Gill JI, Hsi ED, Greenough A, Moffitt AB, McKinney M, Banerjee A,

Grubor V, Levy S, Dunson DB, et al: The genetic landscape of mutations in

Burkitt lymphoma. Nat Genet 2012, 44(12):1321–1325.

33. Richter J, Schlesner M, Hoffmann S, Kreuz M, Leich E, Burkhardt B,

Rosolowski M, Ammerpohl O, Wagener R, Bernhart SH, Lenze D,

Szczepanowski M, Paulsen M, Lipinski S, Russell RB, Adam-Klages S, Apic G,

Claviez A, Hasenclever D, Hovestadt V, Hornig N, Korbel JO, Kube D,

Langenberger D, Lawerenz C, Lisfeld J, Meyer K, Picelli S, Pischimarov J,

Radlwimmer B, et al: Recurrent mutation of the ID3 gene in Burkitt

lymphoma identified by integrated genome, exome and transcriptome

sequencing. Nat Genet 2012, 44(12):1316–1320.

34. Campo E: New pathogenic mechanisms in Burkitt lymphoma. Nat Genet

2012, 44(12):1288–1289.

35. Rainey JJ, Mwanda WO, Wairiumu P, Moormann AM, Wilson ML, Rochford R:

Spatial distribution of Burkitt's lymphoma in Kenya and association with

malaria risk. Trop Med Int Health 2007, 12(8):936–943.

36. Sumba PO, Kabiru EW, Namuyenga E, Fiore N, Otieno RO, Moormann AM,

Orago AS, Rosenbaum PF, Rochford R: Microgeographic variations in

Burkitt's lymphoma incidence correlate with differences in malnutrition,

malaria and Epstein-Barr virus. Br J Cancer 2010, 103(11):1736–1741.

37. Tesfalul M, Simbiri K, Wheat CM, Motsepe D, Goldbach H, Armstrong K,

Hudson K, Kayembe MK, Robertson E, Kovarik C: Oncogenic viral

prevalence in invasive vulvar cancer specimens from human

immunodeficiency virus-positive and -negative women in Botswana. Int J

Gynecol Cancer 2014, 24(4):758–765.

38. Simbiri KO, Murakami M, Feldman M, Steenhoff AP, Nkomazana O, Bisson G,

Robertson ES: Multiple oncogenic viruses identified in Ocular surface

squamous neoplasia in HIV-1 patients. Infectious agents and cancer 2010, 5:6.

39. Wanat KA, Holler PD, Dentchev T, Simbiri K, Robertson E, Seykora JT,

Rosenbach M: Viral-associated trichodysplasia: characterization of a novel

polyomavirus infection with therapeutic insights. Arch Dermatol 2012,

148(2):219–223.

40. Stefan DC, Harford J, Stones D, Newton R, Rodriguez-Galindo C: Hope for

African children with cancer: African pediatric oncology group. Pediatr Blood

Cancer 2012, 59(2):349.

41. Davidson A, Wainwright RD, Stones DK, Kruger M, Hendricks M, Geel J,

Poole J, Reynders D, Omar F, Mathew R, Stefan DC: Malignancies in South

African children with HIV. J Pediatr Hematol Oncol 2014, 36(2):111–117.

42. Orem J, Sandin S, Weibull CE, Odida M, Wabinga H, Mbidde E,

Wabwire-Mangen F, Meijer CJ, Middeldorp JM, Weiderpass E:

Agreement between diagnoses of childhood lymphoma assigned in

Uganda and by an international reference laboratory. Clinical epidemiology

2012, 4:339–347.

43. Orem J, Otieno MW, Remick SC: Challenges and opportunities for treatment

and research of AIDS-related malignancies in Africa. Curr Opin Oncol 2006,

18(5):479–486.

44. Parkin DM, Wabinga H, Nambooze S: Completeness in an African cancer

registry. Cancer Causes Control 2001, 12(2):147–152.

45. Parkin DM, Bray F, Ferlay J, Jemal A: Cancer in Africa 2012. Cancer Epidemiol

Biomarkers Prev 2014, 23(6):953–966.

46. Buonaguro FM, Gueye SN, Wabinga HR, Ngoma TA, Vermorken JB,

Mbulaiteye SM: Clinical oncology in resource-limited settings. Infectious agents

and cancer 2013, 8(1):39.

47. Kostelecky B, Trimble EL, Bhatia K: Learning lessons from cancer centers in

low- and middle-income countries. Infectious agents and cancer 2013,

8(1):44.

48. Harford JB, Edwards BK, Nandakumar A, Ndom P, Capocaccia R, Coleman MP:

Cancer control-planning and monitoring population-based systems.

Tumori 2009, 95(5):568–578.

doi:10.1186/1750-9378-9-32
Cite this article as: Simbiri et al.: Burkitt lymphoma research in East
Africa: highlights from the 9th African organization for research and
training in cancer conference held in Durban, South Africa in 2013.
Infectious Agents and Cancer 2014 9:32.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Simbiri et al. Infectious Agents and Cancer 2014, 9:32 Page 8 of 8

http://www.infectagentscancer.com/content/9/1/32


	Abstract
	Introduction
	The EMBLEM study
	Treatment of Burkitt lymphoma in South Africa
	Cancer registration as a catalyst for research in Burkitt lymphoma
	Opportunities for African scientists to publish
	Capacity building for cancer research in Africa
	Future directions: a consortium of Burkitt Lymphoma studies in Africa
	Panel discussion

	Conclusion
	Additional file
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References

