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Abstract

Background: Burkitt lymphoma (BL) accounts for 90% of pediatric lymphomas in sub-Saharan
Africa. Plasmodium falciparum malaria is considered an etiological factor of BL. We describe

the geographic distribution of pediatric BL in Malawi and association with 2 falciparum malaria
prevalence rate (PfPR).

Methods: We enrolled 220 pathologically confirmed incident pediatric BL cases (2013-2018)
into an observational clinical cohort at Kamuzu Central Hospital (KCH) in Lilongwe district. KCH
is the main tertiary cancer referral center serving the central and northern regions of Malawi.
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Using an ecological study design, we calculated district-level annual BL incidence rate using
census population estimates. District-level PfPR was extracted from the National Malaria Control
Program 2010 report. BL incidence and PfPR maps were constructed in QGIS. Moran’s /test was
used to identify BL spatial clusters. Pearson’s correlation and multiple linear regression analyses
were used to statistically examine the relationship between PfPR and BL.

Results: BL incidence was higher in central region districts (8.2 cases per million) than northern
districts (2.9 cases per million) and was elevated in lakeshore districts. Districts with elevated
PfPR tended to have elevated BL incidence. A low-risk BL cluster was detected in the north.
Statistically, BL incidence was positively correlated with PfPR (r=.77, p<.01). A 1% increase in
PfPR predicted an increase in BL incidence of 0.2 cases per million (p=.03), when controlling for
travel time from referral district hospital to KCH.

Conclusion: Our study supports evidence for an association between P, falciparumand BL
and highlights a need to improve geographic accessibility to tertiary cancer services in Malawi’s
northern region.

Keywords

lymphoma Malawi; malaria; pediatric; pediatric Burkitt lymphoma; pediatric hematological
malignancies; spatial analysis Burkitt lymphoma

INTRODUCTION

Burkitt lymphoma (BL), an aggressive B-cell non-Hodgkin lymphoma is the most common
pediatric cancer in sub-Saharan Africa (SSA),! accounting for up to 90% of pediatric
lymphomas in the region.? In the early 1960s, Dr. Dennis Burkitt published a map
displaying the geographic distribution of documented BL cases in SSA.34 The map showed
that BL cases originated in areas with climatic and topographic characteristics favoring
endemic Plasmodium falciparum malaria transmission. This finding provided principal
epidemiological evidence for the role of P falciparum malaria, leading to holoendemic A2
falciparum malaria becoming widely considered a co-factor in BL pathogenesis®10 together
with Epstein—Barr virus (EBV).

In SSA children, it is proposed that pediatric BL pathogenesis is driven by extensive
expansion of a monoclonal EBV-infected B-cell population, suppression of EBV-specific T-
cell immunity, reactivation and massive propagation of EBV, and activation-induced cytidine
deaminase (AID)-dependent genomic translocation.>8:%-12 This occurs more frequently in
children who experience repeated £, falciparum malaria co-infection overtime before the age
of 5 years, leading to a peak age incidence of BL clinical presentation at age 8 years in
SSA13

Contemporary studies in SSA have also reported increased BL risk in areas with
hyperendemic A falciparum transmission, 121416 corroborating Dr. Burkitt’s early findings.
In Kenya, children in areas with chronic £ falciparum transmission were found to be 3.48-
7.30 times more likely to develop BL than those living in low £ falciparum transmission
areas.116 In Mozambique, higher rates of BL were observed in the northern region where
malaria transmission is elevated.? However, studies in Uganda and Cameroon observed
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increased BL risk in both high 2 falciparum endemicity areas and low £, falcijparum
endemicity areas.1417-20

In Malawi, a 1993 study by van den Bosch et al.2! identified time—space clusters for

BL cases diagnosed between 1987 and 1989. Since then, however, there have been no
contemporary studies that describe the spatial distribution of BL in Malawi and its potential
association with P, falciparum malaria, despite BL accounting for half of all pediatric
cancers22 and there being an estimated four million cases of £ falciparum malaria that occur
annually in the country.23:24

Herein, we generate a district-level map of pathologically confirmed pediatric BL cases
enrolled between 2013 and 2018 into the Kamuzu Central Hospital (KCH) Lymphoma
Study, an observational clinical cohort based at the main referral center for cancer
treatment in central and northern Malawi. Using an ecological study design, we assess the
association between pediatric BL cases and district-level 2 falciparum malaria prevalence,
hypothesizing that BL risk will be elevated in districts with higher 2 falciparum malaria
prevalence. We also examine the potential influence of geographic accessibility from
referring sites to KCH on BL incidence estimates.

METHODS

Geographic context

Malawi has five main climatic zones; the northern zone, lakeshore zone, central zone, Shire
Valley zone, and southern zone?> (Figure S1). 2 falciparum malaria intensity varies by
elevation and rainfall, with the most severely affected areas located in the Shire Valley

and lakeshore zones, followed by the central zone. EBV is ubiquitous.2® Administratively,
Malawi is divided into three regions, the north, south, and central regions. The regions are
subdivided into 28 districts (Figure 1).

Burkitt lymphoma data

The KCH Lymphoma Study is an observational clinical cohort that enrolled pediatric
patients (0-19 years) with incident pathologically confirmed lymphoproliferative disorders
between 2013 and 2018 at KCH, a tertiary hospital in the Malawian capital of Lilongwe.
The capital Lilongwe is situated in Lilongwe district in the central region of Malawi. KCH
is one of the country’s main referral centers for cancer treatment, serving approximately 10
million people with a catchment area that includes Malawi’s northern and central regions.
The KCH Lymphoma Study was approved by the University of North Carolina (UNC)
Institutional Review Board and Malawi National Health Sciences Research Committee.
All cases were diagnosed with real-time evaluation through weekly telepathology
conferences involving pathologists in Malawi and the United States. The pathologists
rendered a consensus diagnosis using local tissue biopsy and immunohistochemistry
stains.2” In addition, all specimens were shipped to the UNC in the United States

for diagnostic confirmation using additional immunophenotyping with a larger panel of
immunohistochemistry stains if needed.27:28
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Demographic information, including district of residence, was recorded for each participant
at enrollment. For the analysis, patients who reported from the southern region were
excluded because there is a competing tertiary facility that provides cancer treatment in
Blantyre district in the southern region. It is therefore less common for patients from this
region to travel to Lilongwe for treatment.

Malaria data

District-level P, falciparum malaria prevalence rates (PfPR) for 2010 were extracted from
an epidemiological malaria profile published by the Malawi National Malaria Control
Program.2® PfPR estimates from 2010 are used in order to take into account the temporal
lag between recurrent EBV reactivation driven by repeated malaria co-infection over time,
and BL pathogenesis.13 The National Malaria Control Program malaria profile bases

PfPR estimates on quantitative cross-sectional community malaria data from published and
unpublished sources. PfPR data were standardized to the classical age range of 2—10 years
(PfPR,_10) and transformed into district-level estimates. The original profile fully describes
the statistical approaches used to produce district-level PfPR,_;o estimates.2°

Population data

Childhood population (0-19 years) was estimated for 2013 based on population projections
from the Malawi National Statistics Office.30 The projections were calculated considering
various population components, including mortality, fertility, and migration. Childhood
population was estimated for 2018 based on findings from the Malawi Population and
Housing Census published by the National Statistics Office.3! The population structure for
0-19-year olds was similar between study districts when broken down into age groups 0-4,
4-9, 10-14, and 15-19 years (Table S2). We calculated 2013-2018 mid-study childhood
population estimates for each district. To calculate the 6-year average BL incidence rate
for each study district, we used the mid-study childhood population as the denominator.
Six-year average BL crude cases were used as the numerator.

Travel time to KCH

KCH is the only hospital that provides pediatric cancer care services for the central and
northern regions of Malawi. Referral travel time from other district hospitals in the central
and northern regions to KCH varies from district to district and is considerably longer for
districts in the northern region than for districts in the central region. Referral travel to KCH
may be delayed due to the financial burden and long travel times for BL cases, who reside in
districts that are further away. If those cases die prior to reporting to KCH for pathological
BL diagnosis, the BL incidence rate for these districts may be underestimated. We therefore
calculated and controlled for geographic accessibility to KCH in the analysis. Access Mod
5,32 an open-source spatial modeling program, was used to estimate travel time to KCH as

a proxy for geographic accessibility to KCH. The program accounts for landscape restraints,
elevation, land use, travel mode, and travel speed to produce a raster map in which each

grid represents the minimum travel time from that grid to a specified destination (KCH). The
travel speeds used in the model were extracted from existing literature.33-35
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2.6 Data visualization and analysis

We employed an ecological study design to assess the association between pediatric BL and
P, falciparum prevalence. All maps were constructed in QGI1S3.36 Class breaks for the BL
incidence and PfPRy_1p maps were determined using four-tier quantiles. Quantitative data
analysis was conducted in STATA version 12.0 (College Station, TX, USA).3” Non-normally
distributed demographic data were described with medians and interquartile ranges (IQRs).
Pearson’s test for correlation and multiple linear regression was used to statistically examine
the association between PfPR,_1g and referral travel time from district hospital to KCH and
BL incidence. A two-sided alpha of .05 was considered statistically significant. GeoDa,38 an
open-source spatial cluster detection program, was used to conduct spatial analyses. Global
Moran’s /test was used to estimate the degree of spatial autocorrelation between districts
for BL incidence and 2. falciparum prevalence.3° Positive autocorrelation is indicated by
Moran’s /statistic between 0 and 1, and suggests clusters of similar values (low rates or
high rates) for a particular variable. Moran’s /statistic close to zero indicates random or

no clustering. Queen’s contiguity was selected as the specified spatial weight for the spatial
analyses.*? A pseudo p-value was calculated to assess significance based on 999 conditional
randomizations.*! In addition, a local univariate Moran’s /test was run to identify the
specific districts that formed BL and £ falcijparum malaria clusters.

3| RESULTS

3.1| Study population

From July 2013 to November 2018, a total of 237 pediatric patients with incident BL were
enrolled into the KCH study cohort. We excluded 17 participants from the analytic sample
based on the following criteria: the participant reported from Mozambique (7= 6), the
participant reported from the southern region of Malawi (n = 2), the participant reported
from Likoma Island district (this island is situated in Lake Malawi more than 69 km from
the mainland) (n = 1), or the participant had no district of residence recorded (n7= 8). Of the
220 participants remaining in the analytic sample, 76 (34.6%) were female and 144 (65.4%)
were male. Median age at enroliment was 9 years (IQR: 6-12). Four (1.8%) participants
were HIV-positive and HIV status was unknown for 16 participants (7.3%). Twenty-one
(9.5%) participants reported from the northern region, of these 11 (52.4%) reported from
districts along the lakeshore of Lake Malawi. One hundred ninety-nine (90.5%) participants
reported from the central region, of these 28 (14%) reported from districts along the
lakeshore. The overall 6-year average annual BLIR for the entire study population was

6.3 cases per million.

3.2 Distribution of BL cases

District-level 6-year average annual BL incidence is presented in Table 1. In general,
districts in Malawi’s central region had higher BL incidence than districts in Malawi’s
northern region, with an average BL incidence rate of 8.2 cases per million for districts in
the central region compared to an average BLIR of 2.9 cases per million for districts in
the northern region. BL incidence was highest in Mchinji district (13.6 cases per million),
followed by central region districts in the lakeshore climatic zone, Nkhotakota (10.0 cases
per million) and Salima (9.8 cases per million). In the northern region, BL incidence was
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highest in districts in the lakeshore climatic zone, Nkhata Bay and Karonga, with 6.6 cases
per million and 4.2 cases per million, respectively. Overall, northern districts Rumphi and
Chitipa had the lowest BL incidence (0.0 cases per million and 1.3 cases per million,
respectively).

Spatial clustering of BL and malaria

The global Moran’s /test detected moderate levels of spatial autocorrelation for BL
incidence, indicating that BL incidence was more spatially clustered than would be expected
if the distribution were random (Moran’s /= .387, p<.01). A moderate level of spatial
autocorrelation was also detected for malaria prevalence (Moran’s /=.403, p<.01).

The local Moran’s /detected a significant (o < .05) low-value BL cluster in the northern-
most region of Malawi comprising Chitipa, Karonga, and Rumpbhi districts (Figure 2C). A
coinciding low-value malaria cluster was also identified (Figure 2D). In the central region,
Lilongwe was detected as a high-value BL cluster (p < .01) and high-value malaria cluster
(p<.10), indicating that Lilongwe has a high BL incidence rate and malaria prevalence,
and is situated among districts with high BL incidence and malaria prevalence. Ntchisi was
detected as a low-value outlier (p< .10) for BL, indicating that it has a relatively low BL
incidence, although surrounded by districts with relatively high BL incidence. For malaria
however, Ntchisi was detected as a high-value cluster (p < .05).

Association of BL incidence with malaria and travel time to KCH

To examine the association between BL incidence and PfPR,_1o, we visually compared a
map displaying district-level 6-year annual BL incidence (Figure 2A) with a corresponding
map showing district-level PfPRo_1q (Figure 2B). A similar pattern is observed between the
two maps; districts with elevated PfPR,_1q also tend to have elevated BL incidence. Mchiniji,
NKkhotakota, Salima, and Ntchisi districts are in the top quartile for PfPR,_1¢, indicated

by the darkest fill shade in Figure 2B. Similarly, these districts are in the top quartile

for BL incidence (indicated by the same fill shade in Figure 2A), with the exception of
Ntchisi, which is in the lowest quartile for BL incidence (indicated by the faintest fill shade).
The remaining districts in the central region fall within the second and third quartiles for
both PfPR,_1g and BL incidence, although the degree of correspondence between specific
quartile level varies by district. In the northern region, districts in the lakeshore climatic
zone (Karonga and Nkhata Bay) are in the second lowest quartile for both PfPR,_1¢ and BL
incidence. The three remaining northern districts Chitipa, Rhumpi, and Mzimba are in the
lowest quartile for both PfPR,_;9 and BL incidence.

To examine the influence of geographic accessibility to KCH on BL incidence estimates, we
visually compared a map displaying travel time to KCH (Figure 3) with the BL incidence
map (Figure 2A). A general pattern can be observed between the maps. In central region
districts (Lilongwe, Mchinji, Dowa, Dedza, Salima, and Ntchisi), where it takes between 0
and 4 hours to travel to KCH (depending on the starting point), BL incidence falls within
the top two quartiles with the exception of Ntchisi. In central region districts that have areas
where travel times to KCH exceed 4 hours, such as in the outskirts of Kasungu district, the
southernmost part of Ntcheu district, and most of Nkhotakota district, BL incidence falls
within the second lowest quartile, with the exception of Nkhotakota. In the northern region
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where travel time to KCH exceeds 4 hours in most areas, BL incidence falls within the two
lowest quartiles.

Pearson’s correlation test was conducted to statistically examine the visual patterns we
observed between BL incidence and PfPR,_1g (Table 2) and between BL incidence and
travel time to KCH (Table 2). The results indicate a strong positive correlation between

BL incidence and PfPRy_1g (r=.77, p< .01), and a strong negative correlation between

BL incidence and referral travel time to KCH from district hospital (r=-.67, p < .01).

When excluding outlier Ntchisi, the positive correlation between BL incidence and PfPR,_1g
increases (r= .87, p<.01). A strong negative correlation is also present between PfPR,_;q
and referral travel time to KCH from district hospital (r=-.65, p=.01).

A multiple linear regression model was constructed to assess the independent role of
district-level PfPR,_1¢ on BL incidence while controlling for referral travel time from
district hospital to KCH (Table 3). A 1% increase in PfPR,_1o predicted a rise in BL
incidence of 0.2 cases per million (standard error [SE] = 0.078, p=.03) when controlling for
referral travel time to KCH from district hospital. A 1-hour increase in travel time to KCH
from district hospital predicts a decrease in BL incidence of 0.37 cases per million when
controlling for PfPRo_1o (SE = 0.32, p=.26). The overall model was statistically significant
(R% = .646, p=<.01).

DISCUSSION

This is the first study since 1993 to map the distribution of pediatric BL cases and

evaluate the association between BL and £ falciparum malaria in Malawi. We analyzed
incident pediatric BL cases diagnosed from 2013 to 2018 from Malawi’s northern and
central regions. We observed a nonrandom distribution of BL cases, identifying one low-risk
cluster in the northern region and one high-risk cluster and low-risk outlier in the central
region. Supporting our hypothesis, we observed a small but positive association between BL
incidence and PfPRo_q, finding that districts with a higher PfPR,_1 were likely to have a
higher BL incidence when controlling for referral travel time from district hospital to KCH.

BL incidence was generally higher in districts with elevated P, falciparum malaria risk,
particularly in the low-lying central region of Malawi, and in lakeshore districts, which tend
to have hotter, wetter, and more humid climates. In the highland areas of the northern region
where elevation is higher and temperatures are colder, BL risk was significantly lower.
Although BL incidence was more elevated in northern lakeshore districts than in northern
highland districts, it remained low compared to central lakeshore districts. The differences
in BL incidence between lakeshore districts in the northern region and lakeshore districts

in the central region may be attributed to the high level of ecological and topographical
diversity present in northern lakeshore districts. Within the northern lakeshore districts,

as proximity to the lakeshore increases, conditions become increasingly favorable for 2
falciparum malaria transmission. In central lakeshore districts, conditions for £ falciparum
malaria transmission are consistent and favorable throughout the district.

Pediatr Blood Cancer. Author manuscript; available in PMC 2024 February 06.
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Varying referral travel times to KCH may also have contributed to the differences in BL
incidence between the northern and central lakeshore districts. For central region lakeshore
districts, travel time to KCH falls primarily between 2 and 4 hours, with travel from some
areas exceeding 4 hours but rarely exceeding 8 hours. For northern lakeshore districts, travel
time to KCH is considerably longer, falling primarily between 4 and 8 hours for Nkhata

Bay and a minimum of 8 hours from almost every starting point in Karonga. Long travel
times may prevent some BL cases from traveling to KCH to seek diagnostic and treatment
services. Thus, the number of incident pediatric BL cases in northern lakeshore districts may
be underestimated.

In our analysis, when controlling for PfPR,_, travel time from district hospital to KCH
was negatively associated with BL incidence, but this relationship was not statistically
significant. Nonetheless, our findings highlight a need for tertiary cancer treatment services
in the northern region of Malawi, as a considerable number of pediatric BL cases originate
from the northern lakeshore regions. Improving geographic accessibility to cancer services
could potentially lead to earlier presentation and reduce the likelihood of underdiagnosed
incident BL cases.

We encountered one outlier in our analysis, the central region district of Ntchisi. Ntchisi
district is in the top quartile for PfPR,_1 and travel time from the district to KCH is
primarily less than 4 hours, such that we hypothesized the district would have a relatively
high BL incidence. Contrary to our hypothesis, Ntchisi district was in the lowest quartile for
BL incidence, surrounded by two lakeshore districts in the highest quartile and three inland
districts in the second and third quartile for BLIR. It is possible that Nchitsi’s BL incidence
is underestimated, or that Ntchitsi has an underlying cofounding factor that may account for
the low BLIR observed, warranting further investigation in the future.

Study strengths include high-quality pathologically confirmed diagnoses and recruitment

of participants from one of the main cancer treatment facilities in Malawi, which serves
approximately 60% of the country’s population. Our study also has some limitations; first,
our study was based at a single center at a national teaching hospital, it is not reflective

of a population-based cancer registry. However, KCH is the only hospital that provides
pediatric cancer care services in Malawi’s central and northern regions. There are no private
hospitals in Malawi that offer pediatric cancer care and very few Malawians can afford to
travel abroad for cancer treatment. Therefore, it is reasonably expected that we captured
most cases that seek treatment from the central and northern regions, except those who die at
home prior to referral and those that did not agree to participate in the clinical cohort.

We do not have BL case data from the tertiary cancer treatment facility in the southern
region of Malawi where the majority of pediatric BL cases who reside in the south report for
diagnosis and treatment. Therefore, we can only provide a partial examination of Malawi’s
geographic trends in pediatric BL.

Geographic information for our BL cohort was incomplete beyond the district level,
resulting in a sample size of only 14. This small sample size may affect the margin
of error of our statistical analyses, specifically the spatial cluster analysis and regression
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model. Thus, the results of the cluster analysis and regression analysis should be interpreted
with caution. That being said, malaria control programs in Malawi are often delivered at
the district level, and national malaria statistics are presented at the district level. Thus,
conducting our analyses at the district administrative level is appropriate for policy-related
applications of our findings.

Because we used an ecological design for this analysis, all comparisons are at the district
level, and we cannot make assumptions about the association between £ falciparum and
BL incidence for individual participants. Finally, the model that we used to estimate travel
time to KCH for each district does not take into account cost of travel or availability and
regularity of public transport.

CONCLUSION

Our study supports continued evidence for the relationship between £ falcijparum malaria
transmission and BL development, despite significant malaria control efforts in recent years,
highlighting the value of better collaboration between malaria and BL programs. Perhaps
even more important, our study highlights the need to improve geographic accessibility to
cancer services in the northern region of Malawi, as it currently experiences very long travel
times to cancer services despite having two lakeshore districts with elevated pediatric BL
risk. Finally, further elucidation of etiologic factors related to BL occurrence is important,
for example, as illustrated by the unexpectedly low BL incidence despite high malaria
prevalence in Ntchisi.
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Refer to Web version on PubMed Central for supplementary material.
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Abbreviations:

BL Burkitt lymphoma

EBV Epstein—Barr virus

IQOR interquartile range

KCH Kamuzu Central Hospital

PfPR Plasmodium falciparum malaria prevalence rate

PfPR,-10 Plasmodium falciparum malaria prevalence rate standardized to the

classical age range of 2-10 years
SSA sub-Saharan Africa

UNC University of North Carolina
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FIGURE 1.
Map of Malawi’s central and northern regions and districts. Map includes district names and

boundaries
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FIGURE 2.
(A) Map of 6-year pediatric Burkitt lymphoma (BL) incidence rate per 1,000,000 by district

for 2013-2018. (B) Map of Plasmodium falciparum malaria prevalence by district for year
2010. (C) Map of significant (p < .10) clusters of BL identified by Anselin’s Local Moran
test for spatial autocorrelation in GeoDa. (D) Map of significant (p < .10) clusters of
Plasmodium falciparum malaria prevalence rate (PfPR) identified by Anselin’s Local Moran
test for spatial autocorrelation in GeoDa

Pediatr Blood Cancer. Author manuscript; available in PMC 2024 February 06.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Gondwe et al.

Page 15

Travel Time to KCH

Hours
0-2
[12-4
L14-8
L 8-12
12+
4 KCH

FIGURE 3.
Raster map of travel time from referring sites to Kamuzu Central Hospital
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TABLE 2

Correlations between BL incidence rate per million, PfPR,_1g, and referral travel time to KCH from district
hospital

Variables Correlation coefficient  p-Value

BL incidence

PfPR2-10 0.77 <.01
Travel time to KCH from district hospital ~ —0.67 <.01
PPR;_19

Travel time to KCH from district hospital ~ —0.65 .01

Abbreviations: BL, Burkitt lymphoma; KCH, Kamuzu Central Hospital; PfPR2-10, Plasmodium falciparum malaria prevalence rate standardized
to the classical age range of 2-10 years.
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TABLE 3

Association between 6-year average pediatric BLIR per million and independent PfPR,_1g and referral travel
time to KCH from district hospital

Variables Coefficient (SE)@  P-Value
PfPR2-10 .20 (.078) .03
Referral time to KCH from district hospital ~ -.37 (.32) .26

Abbreviations: BLPR, Burkitt lymphoma incidence rate; KCH, Kamuzu Central Hospital; PfPR2-10, Plasmodium falciparum malaria prevalence
rate standardized to the classical age range of 2-10 years; SE, standard error.

a . . . Lo . . - .
Linear regression model: Burkitt lymphoma incidence as dependent variable, PfPR2_10 and referral time to KCH from district hospital as

independent variables. R2 = .646, p=<.01, A2, 11) = 10.0.
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