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Mean platelet counts are relatively decreased with malaria but
relatively increased with endemic Burkitt Lymphoma in
Uganda, Tanzania, and Kenya
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Summary

Platelet counts are decreased in Plasmodium falciparum malaria, which is
aetiologically linked with endemic Burkitt lymphoma (eBL). However, the
pattern of platelet counts in eBL cases is unknown. We studied platelet
counts in 582 eBL cases and 2 248 controls enrolled in a case-control study
in Uganda, Tanzania and Kenya (2010-2016). Mean platelet counts in con-
trols or eBL cases with or without malaria-infection in controls versus
eBLcases were compared using Student’s t-test. Odds ratios (ORs) and
two-sided 95% confidence intervals (95% Cls) were estimated using multi-
ple logistic regression, controlling for age, sex, haemoglobin and white
blood cell counts. Platelets were decreased with malaria infection in the
controls [263 vs. 339 x 10° platelets/l, P < 0-0001; adjusted OR
(aOR) = 3-42, 95% CI: 2-79—4-18] and eBL cases (314 vs. 367 x 10° plate-
lets/l, P-value = 0-002; aOR = 2-36, 95% CI: 1-49-3-73). Unexpectedly, pla-
telets were elevated in eBL cases versus controls in overall analyses (mean:
353 vs. 307 x 10° platelets/l, P < 0-0001; aOR = 1:41; 95% CI: 1-12-1-77),
and when restricted to malaria-positive (mean 314 vs. 263 x 10° platelets/
l, P < 0-0001; OR = 2-26; 95% CI: 1-56-3-27) or malaria-negative (mean
367 vs. 339 x 10° platelets/l, P < 0-001; OR = 1-46; 95% CI: 1-17-1-83)
subjects. Platelets were decreased with malaria infection in controls and
eBL cases but elevated with eBL.

Keywords: Burkitt lymphoma, epidemiology, Epstein—Barr virus, non-
Hodgkin lymphoma, Plasmodium falciparum malaria, platelet counts.
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Endemic Burkitt lymphoma (eBL) is an aggressive germinal
centre B-cell lymphoma that is relatively common in coun-
tries with holoendemic Plasmodium falciparum (Pf) malaria
transmission.! The actiology of eBL is linked to Pf malaria,’
childhood infection with Epstein—Barr virus,” and chromoso-
mal abnormalities involving the translocation of the MYC
oncogene on chromosome 8 into the vicinity of
immunoglobulin gene enhancer elements on chromosomes
14, 22, or 2.*° The role of malaria in eBL aetiology is sup-
ported by case-control studies showing that genetic variants,
such as the sickle cell trait, that protect against malaria also
protect against eBL® and sero-immunoepidemiological stud-
ies that demonstrate significantly altered anti-malaria’ and
anti-EBV antibody profiles.® Biomarkers for these infections
may offer a rational way for discovery of eBL biomarkers.

Platelets have recently emerged as important players in the
control of life-threatening infections,” including Pf malaria.'
Consistent with this function, they are the second most
abundant formed element of blood after red blood cells
(RBCs) and are maintained in a narrow physiological range
(150-450 x 10° platelets/1).'"'* Platelets have been shown to
kill Pf parasites by releasing platelet factor 4 (PF4)"> which
interacts with other molecules and is translocated into
infected RBCs where it kills parasites.'* Platelets also carry
proteins in their surface membrane that facilitate binding
and internalization of malaria parasites."> These proteins
include CD36, which is a major receptor for Pf malaria para-
sites,'® and is also involved in PF4-mediated parasite killing.
These mechanisms are responsible for the removal of 5-60%
of the malaria parasite biomass."?

Asymptomatic or clinical malaria is associated with
decreased platelet counts and the reduction is greatest in
children with the most severe form of malaria.'” 2! However,
whether malaria infection is associated with decreased plate-
let count in children with eBL is presently unknown. Asare
et al.* recently reported normal to increased circulating pla-
telet counts but with apparently decreased platelet membrane
glycoprotein expression and platelet function in children with
eBL in Ghana, compared to controls who were studied by
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flow cytometric studies. However, their small sample size (16
cases and 15 controls) and lack of malaria data precludes
firm conclusions. Based on studies showing that platelets
inhibit malaria parasite growth,'>'* we hypothesized that
malaria infection would be associated with a reduction in
platelet counts in children with eBL. Based on the assump-
tion that eBL is causally related to malaria®’ we hypothesized
that compared to healthy controls, eBL would be associated
with decreased platelets.

Here, we report platelet count results in eBL cases and
controls enrolled in the EpideMiology of Burkitt Lymphoma
in East African Children and Minors (EMBLEM) study in
Uganda, Tanzania, and Kenya during 2010-2016.%

Patients and methods

Study population and data

Briefly, children aged 0-15 years diagnosed with eBL (61-4%
histologically or cytologically confirmed) were enrolled as
cases.”” Eligibility was restricted to wusual residents
(>4 months prior to enrollment) of six selected malaria
holoendemic regions in northern Uganda, northeastern Tan-
zania and western Kenya.”> Controls were selected from
healthy general population children residing in the same
regions as the eBL cases. The controls were enrolled contem-
poraneously from 300 random villages (100 per country) in
the study areas.”” The controls were age- and sex-frequency
matched to the distribution of historical eBL cases from the
study region.® Village level microgeographical data, includ-
ing proximity to surface water and population density, were
captured to adjust for local malaria transmission.”> Individ-
ual level data, including age, sex, and a history of malaria
treatment as an in- or outpatient were captured using struc-
tured interviewer-administered questionnaires. Venous blood
samples (clinical: 4 ml and research: 10 ml) were collected in
EDTA tubes. The clinical blood samples were immediately
tested for a complete blood count using commercial haema-
tology analyzers, including study-provisioned QBC Star
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(QBC Diagnostics Inc., Philipsburg, PA, USA). Other auto-
mated haematology analyzers available at the local hospitals
were used (Sysmex 500i, Sysmex Corp., Kobe, Japan; Medo-
nic M16, Boule Diagnostics AB Domnarvsgatan, Spanga,
Sweden; Huma count 5L, HUMAN Gesellschaft fur Biochem-
ica und Diagnostica, Wiesbaden, Germany). Malaria infection
was diagnosed based on thick film microscopy or commercial
malaria antigen rapid diagnostic tests (malaria-RDTs).**

Ethical approval

The study was approved by the Uganda Virus Research Insti-
tute’s Research and Ethics Committee, Uganda National
Council for Science and Technology (HS816), Tanzania
National Institute for Medical Research (NIMR/HQ/R.8¢/Vol.
IX/1023), Moi University/Moi Teaching and Referral Hospital
Institutional Research and Ethics Committee (000536), and
National Cancer Institute’s Special Studies Institutional Review
Board (10-C-N133). Guardians of the children gave written
informed consent. Children aged >7 years old gave assent.

Statistical analysis

Analyses were restricted to subjects with platelet count data
(83-5% of eBL cases and 76:6% of controls,® Figure S1),
after confirming that the age, sex, village characteristics and
malaria history of eBL cases and controls with platelet counts
were not different from those excluded because of missing
platelet counts. Primary analyses focused on platelet counts
as the independent variable and malaria or eBL as the out-
come variables. These analyses were done on the combined
dataset; however, country-specific sensitivity analyses were
conducted to verify the consistency of the findings (results
not shown).

Means and standard deviations (SDs) and medians and
interquartile ranges (IQRs) of platelet counts, haemoglobin
and white blood cell (WBC) counts in controls were calcu-
lated in malaria-positive and -negative eBL cases and con-
trols. The mean and median values for platelet counts,
haemoglobin and WBCs were similar; thus, means are used
to describe the distributions in this paper. Because platelet
counts vary by age, ethnicity and other factors, mean values
in the malaria-uninfected controls were used to estimate the
normal values expected in healthy children in each study
country (Table SI). We used Student’s t-test to compare the
means of platelet counts, haemoglobin level and WBC counts
in malaria parasitaemia/antigenaemia-positive and -negative
controls and eBL cases. Because an inverse relationship
between platelet count and mean platelet volume holds true
in different human populations® and different animal spe-
cies,”® we calculated the correlation coefficient between plate-
let counts and mean platelet volume'' as a quality control
check of the validity of platelet count results, using data from
Uganda and Kenya (mean platelet volume was not available
in Tanzania).
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We generated binary categorical variables for platelet counts,
haemoglobin, and WBC count defined as having a value equal to
or greater than the mean versus not, in malaria-uninfected con-
trols in their age group and country. Odds ratios (ORs) and
two-sided 95% confidence intervals (95% CIs) of associations
between eBL or malaria infection and platelet counts (as a binary
variable) were calculated using multiple logistic regression. The
association between eBL and platelet counts (as a binary vari-
able) was assessed stratified by malaria parasitaemia/antige-
naemia-positive or -negative status. Associations were mutually
adjusted for sex, age group, village characteristics, malaria para-
sitaemia/antigenaemia, history of malaria treatment, haemoglo-
bin and WBC counts as confounders.* The measures of malaria
above imperfectly correlate with lifetime malaria exposure, which
is the actual risk factor for eBL.**® Hence adjusting for these
measures may bias the results towards the null and lead to con-
servative estimates.””*® Haemoglobin and WBC counts were
considered as confounders and used to control for disease-re-
lated effects on the bone marrow and splenic function.”>?°
Finally, we searched the published literature for papers that
reported individual pretreatment platelet count results in BL
cases to gain insights about the distribution of platelet counts in
BL cases worldwide.

Results

Characteristics of study subjects

We studied 582 eBL cases and 2 248 controls in Uganda, Tanza-
nia, and Kenya with platelet count data (Table I). No significant
differences were seen between eBL cases and controls with plate-
let counts versus those that were excluded because platelet counts
were missing. The eBL cases studied were significantly younger
than the controls, although the absolute difference was small
[mean: 7-4 (SD 3.7) years vs. 7-8 (SD 3.4) years, P = 0-014]. The
eBL cases were more likely than the controls to be male (63-9%
vs. 53:1% in controls; P < 0-0001; Table I). As previously
reported,” the eBL cases were more likely than the controls to
reside in villages with a high mean population count or in vil-
lages near surface water. The eBL cases were more likely to have
a lower prevalence of malaria parasitaemia/antigenaemia at
enrollment and a lower frequency of history of malaria-related
fevers reported in the past 12 months or history of inpatient
malaria treatment in the past 12 months (Table I). However,
consistent with a role of malaria, they were more likely to report
a history of outpatient malaria in the past 12 months (Table I).
Consistent with lymphoma diagnosis being associated with B
symptoms, eBL cases were more likely than controls to report a
fever at enrollment and also to report a non-malaria-related fever
within the past six months.

Platelet counts decreased with malaria parasitaemia/
antigenaemia in controls and eBL cases

We observed a wide range of variation in values of platelet
count (19-999 x 10° platelets/l) and mean platelet volume

© 2020 British Society for Haematology and John Wiley & Sons Ltd
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Table I. Distribution of demographical and malaria measures in controls and endemic Burkitt lymphoma cases in the EpideMiology of Burkitt

Lymphoma in East African Children and Minors (EMBLEM) study.

Characteristics Controls Cases P
All subjects 2 248 (100-0) 582 (100-0)
Demographics
Age, years (mean £ SD) 7-8 (3-4) 74 (3:7) 0-014
Age group, years 0-002
0-2 119 (5:3) 50 (8:6)
3-5 504 (22-4) 155 (26-6)
6-8 714 (31-8) 161 (27-7)
9-11 548 (24-4) 123 (21-1)
>12-15 363 (16-2) 93 (16-0)
Sex <0-0001
Male 1193 (53-1) 370 (63-9)
Missing/unknown 0 3
Village characteristics
Proximity to water <0-0001
Far (>500 m) 1 075 (47-8) 99 (20-6)
Missing/unknown 0 102
Population density of children 0-017
Low 1 407 (62-6) 273 (56-8)
Missing/unknown 0 101
Malaria status/history of malaria treatment
Malaria rapid diagnostic test <0-0001
Positive 957 (42-6) 151 (26-2)
Missing/unknown 1 5
Inpatient malaria treatment 0-289
Yes, past 12 months 255 (11-4) 55 (9-7)
Yes, >12 months 409 (18-3) 95 (16:7)
Never 1 574 (70-3) 418 (73-6)
Missing/unknown 10 14
Outpatient malaria treatment <0-0001
Yes, past 12 months 920 (41-1) 265 (46-7)
Yes, >12 months 188 (8-4) 99 (17-4)
Never 1 130 (50-5) 204 (35-9)
Missing 10 14
History of fevers and hospital admission
Has fever at enrollment <0-0001
Yes 147 (6-6) 348 (61-8)
Missing/unknown 8 19
Reported > 1 fever in the last 12 months <0-0001
Yes 1 570 (75-0) 135 (62-5)
Missing/unknown 154 366
Reported > 1 fever due to malaria in the past 6 months <0-0001
Yes 1 557 (69-6) 334 (59-8)
Missing/unknown 10 23
Reported > 1 fever not due to malaria in the last 6 months <0-0001
Yes 373 (16-7) 273 (49-4)
Missing/unknown 16 29
Reported > 1 hospital admission <0-0001
Yes 826 (37-0) 377 (66-4)
Missing/unknown 13 14

Column percentages provided for each characteristic. P-values are based on a chi-square test for differences in the distribution of characteristics

between eBL cases and controls.

© 2020 British Society for Haematology and John Wiley & Sons Ltd
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(6-1-18-2 fl) in all the controls, including 5-1% of controls
with values <150 x 10° platelets/l and 10-1% with values
>450 x 10° platelets/l. The platelet count and volume values
were inversely correlated with each other in all controls
(r = —0-021, P = 0-0001), as well as in controls who were
either malaria-negative (r = —0-018, P = 0-01) or malaria-
positive (r = —0-59, P = 0-001; Figure S2). The mean platelet
count was significantly decreased in controls with malaria
parasitaemia/antigenaemia versus those without (263 wvs.
339 x 10° platelets/l, P-value < 0-0001, Fig 1A; aOR = 342,
95% CI: 2-79-4-18, Table II) and in the eBL cases with
malaria parasitaemia/antigenaemia versus those without (314
vs. 367 x 10° platelets/l,  P-value = 0-002, Fig 1B;
aOR = 2-36, 95% CI: 1-49-3-73,Table III). The association of
decreased platelet count with malaria parasitaemia/antige-
naemia in the controls was observed in all the countries, but
with slight variation in the magnitude of association
(Uganda: aOR = 4-50,Tanzania: aOR = 3-43 and Kenya:
aOR = 2-65; P-value for interaction = 0-030). This associa-
tion was also observed in the eBL cases but with variation in
the magnitude of association, albeit with overlapping confi-
dence intervals, in the three countries [Uganda: aOR = 356
(95% CI: 1-85-6-84), Kenya: aOR = 3-09 (95% CI: 1-10—
8:67) and Tanzania: aOR = 0-80 (95% CI: 0-23-2-73); P-
value for interaction = 0-637].

Platelet counts significantly elevated in eBL cases
compared to controls

As noted above, the platelet counts showed wide variability,
but the distribution in malaria parasitaemia/antigenaemia-
negative and -positive eBL cases was broader and skewed to
the right compared with the distribution observed in the
controls (Fig 2). Thus, there were more eBL cases than con-
trols with thrombocytopenia (defined as <100 x 10° plate-
lets/l: 6-9% vs. 0-8%) and thrombocytosis (defined as
>650 x 107 platelets/l: 6:7% vs. 1-3%). Platelet counts were
significantly elevated in eBL cases compared to controls

(mean: 353 vs. 307 x 10° platelets/l, P = 0-001; Fig 1C).
Considering a platelet count above the upper normal range
(>450 x 10° platelets/l) as a cutoff, eBL cases were more
likely than the controls to have a value above this range both
in the overall data (25-6% vs. 10-1%), and when the results
were stratified by malaria parasitaemia/antigenaemia-positive
(15-9% vs. 4-8%) and malaria parasitaemia/antigenaemia-
negative status (28-9% vs. 14:0%). Consistent with the obser-
vation above that platelet counts were more dispersed in eBL
cases than controls (Fig 2), the eBL cases were more likely
than the controls to have a platelet count <150 x 10° plate-
lets/l in the overall data (11-9% vs. 5-1%); however, this was
pronounced in controls who were malaria parasitaemia/anti-
genaemia-negative (12-7% vs. 2:1%) compared to those who
were malaria parasitaemia/antigenaemia-positive (9-:3% vs.
9-1%; Fig 2).

When platelet count was considered as a binary variable
of having a value equal to or greater than the mean versus
not, eBL was associated with having an elevated platelet
count (OR = 1-89, 95% CI 1-57-2-28; Table III). The associ-
ation remained after mutually adjusting for sex, age, village
characteristics, malaria parasitaemia/antigenaemia, history of
malaria treatment, haemoglobin and WBC counts as con-
founders (aOR = 1-41,95% CI: 1-12-1-77) and in analyses
stratified by malaria parasitaemia/antigenaemia-positive
(OR = 2-26; 95% CI: 1-56-3-27) and malaria parasitaemia/
antigenaemia-negative status (OR = 1-46; 95% CI: 1-17—
1-83).

Haemoglobin significantly decreased with malaria
parasitaemia/antigenaemia in the controls and eBL cases

Malaria parasitaemia/antigenaemia in the controls was associ-
ated with significantly decreased haemoglobin (mean: 119 vs.
126 g/l, P < 0-0001), but not in the eBL cases (mean: 104 vs.
100 g/l, P = 0-09). Thus, a statistically significant association
was observed between malaria parasitaemia/antigenaemia and
decreased haemoglobin only in the controls (aOR = 2.50,

Distribution of platelet count by malaria infection status in controls and eBL cases

[ Controls ] [ eBL Cases | [ Overall
(A) (B) ©)
P <0-0001 P=0-002 P=0-001
1000 . : §

% 500 —3— .

T T F

g 200 .

ko1 - E

3 100 : :

= *

5

10

Malaria negative, Malaria positive,

n=1290 n=957 n=426

Malaria negative,

Malaria positive, Controls, eBL Cases,

n=151 n=2248 n=>582

Fig 1. Distribution of platelet count by malaria infection status in the controls and eBL cases. [Colour figure can be viewed at wileyonline-

library.com|]
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Table III. Association between eBL and platelet counts, haemoglobin and white cell counts.

Controls Cases
Characteristics n (%) n (%) OR* (95% CI) aOR" (95% CI)
Platelet count, 10°/1
<Mean? 1 488 (66+2) 296 (50+9) Ref Ref
>Mean 760 (33+8) 286 (49+1) 1-89 (1-57-2-28) 141 (1-12-1-77)
P heterogeneity® <0-0001 0-003
P-value for interaction® 0-605 0-443
Haemoglobin level, g/l
>Mean 984 (43+8) 6 (14-8) Ref Ref
<Mean 1 264 (56+2) 496 (85+2) 449 (3-52-5.73) 477 (3-63-6-25)
P heterogeneity <0-0001 <0-0001
P for interaction 0-0002 0-001
White blood cell count, 10°/1
<Mean 1322 (588) 276 (47+4) Ref Ref
>Mean 926 (41+2) 306 (52+6) 1-58 (1--32, 1-90) 1-44 (1-15-1-80)
P heteogeneity <0-0001 0-001
P for interaction 0-012 0-010
Malaria rapid diagnostic test
Negative 1 290 (57+4) 426 (73°8) Ref Ref
Positive 957 (42+6) 151 (26-2) 0-48 (0-39-0-59) 0-37 (0-29-0-48)

P heterogeneity
P for interaction

<0-0001
0-0001

<0-0001
0-017

OR, odds ratio; aOR, adjusted odds ratio.

*This column shows the odds ratios for associations based on data from all the three study countries combined, adjusted for each country.

"Mutually adjusted odds ratios for all haematologic characteristics in the model, malaria infection, village characteristics (rural/urban and wet/

dry), age, sex, malaria admission and treatment history.

*AIl binary categorical variables for platelet count, haemoglobin and white blood cell count were defined using the mean in malaria-negative con-

trols in each age group and country. The reference group for platelet count is having a platelet count less than the agegroup-specific mean in

malaria parasitaemia/antigenaemia-negative controls.

SP heterogeneity values across study countries are provided in addition to P-values for interaction between study countries and the variables

examined.

95% CI: 2-08-3-01; Table II) but not in the cases. However,
when eBL cases were compared to the controls, eBL cases
were more likely to have decreased haemoglobin and this
association remained statistically significant after mutually
adjusting for sex, age, village characteristics, malaria para-
sitaemia/antigenaemia, history of malaria treatment, WBC
counts and platelet count (aOR = 4-77, 95% CI: 1-12-1-77;
Table III).

Leukocytosis associated with malaria parasitaemia/
antigenaemia in controls but not in eBL cases

A small association was demonstrated between malaria para-
sitaemia/antigenaemia and leukocytosis in the controls
(aOR = 1-28; CI: 1-07-1-55; Table II), but not among the
eBL cases (aOR = 1-07,CI: 0-68-1-67). However, when eBL
cases were compared with the controls, we observed a signifi-
cant association between eBL and leukocytosis in analysis
adjusting sex, age, village characteristics, malaria para-
sitaemia/antigenaemia, history of malaria treatment, haemo-
globin and platelet count (aOR = 1-44; CI: 1-15-1-80;
Table III).

778

Elevated platelet count in a disproportionate fraction of
previously reported Burkitt lymphoma cases

We identified many Burkitt lymphoma (BL) cases and
reports of case series in the literature; 101 of these reports
included individual-level baseline platelet count data for 143
cases (Table IV, Table SIII). BL case series in the literature
exhibit a wide range of platelet counts, including many of
them with thrombocytopenia. However, similar to our
results, a platelet count >450 x 107 platelets/l was observed
in 14-7% of the BL cases identified in the literature, includ-
ing 9-8% of the cases reported in the United States, 21% of
the cases reported in Asia and 26% of the cases reported in
Europe. A platelet count >450 x 10° platelets/l is expected
in <1% of healthy adults in some populations.”® Few cases
were reported in Africa, the Middle East, Latin America and
Oceania to support meaningful observations about those
regions.

Discussion
Our study yielded two novel findings. The first was an obser-

vation that platelet counts were significantly reduced in eBL

© 2020 British Society for Haematology and John Wiley & Sons Ltd
British Journal of Haematology, 2020, 190, 772-782

85U8017 SUOWIWIOD BAIKR.D 3(edl|dde ay) Aq peusenob ke sapie YO ‘8sn 0 Se|ni oy Akeiqi8ulIUO AB]IM UO (SUORIPUOD-PUR-SLLIBY WD A8 | 1M ARe.d 1 |Bul UO//SdhLf) SUORIPUOD pue SW L 8L 88S *[2202/TT/L2] Uo Arigiaulluo Ao|Im ‘A1sieAlun 10N Y ANI Y - dSVNI AQ 00£9T Ula/TTTT'0T/I0P/W0D A8 i ARe.d 1 jpuluoy//sdny Wwolj pepeojumod 'S ‘0202 ‘TrTZS9ET



(A) Malaria Negative

-

0-004|

0-003

0-002
0-001
0-000

Density

0 250 500 750 1000

Platelet count, 1091

eBL is Associated with Elevated Platelet Counts

(B) Malaria Positive

0-005

0-004
Controls
eBL Cases

0-003

Density
—

0-002

0-001

0-000

0 250 500 750 1000

Platelet count, 1091

Fig 2. Density distribution of platelet counts in the controls and eBL cases shown seperately for malaria parasitemia/antigenemia negative (A)
and malaria parasitemia/antigenemia positive (B) subjects. [Colour figure can be viewed at wileyonlinelibrary.com]

cases with malaria parasitaemia/antigenaemia. This observa-
tion was similar to the results in the controls and what has
been reported in children without eBL but infected with malar-
ia.!”!1%2021 The decrease in platelet counts with malaria is
attributed to platelet degranulation, which results in the release
of PF4 to kill malaria parasites."> Our finding that platelet
counts are decreased in eBL cases with malaria suggests that
platelet anti-malaria response may be preserved in eBL cases.
The second observation was that platelet counts were elevated
in eBL cases compared to controls. This finding was unex-
pected, but it may be valid because it remained significant in
analyses mutually adjusting for sex, age, village characteristics,
malaria parasitaemia/antigenaemia, history of malaria treat-
ment, haemoglobin and WBC counts and country.
Interestingly, we identified multiple reports in the litera-
ture of elevated platelet counts in eBL and sporadic BL cases.
A baseline mean platelet count of 333 x 10° platelets/l was
reported in 172 eBL cases studied in Uganda,” and one-
quarter of those patients had counts >450 x 10° platelets/I.
A study of 1005 eBL patients in Kenya did not report a mean
platelet count,”® but 10% of their patients had platelet
counts >450 x 10° platelets/Il. The mean platelet count was
542 x 10° platelets/l in 48 HIV-negative childhood BL cases
in South Africa,”® 360 x 10° platelets/l in 40 BL cases in
another study in South Africa®™ and 271 x 107 platelets/] in
16 eBL cases in Ghana.”* The observed mean platelet counts
are substantially higher than the 230-237 x 10° platelets/]
measured in apparently healthy children in Uganda® or
226 x 10° platelets/l measured in apparently healthy adults
in Kenya® or elsewhere.”’ These results mirror the general
pattern of elevated platelet count (14-7% of 143 BL cases

© 2020 British Society for Haematology and John Wiley & Sons Ltd
British Journal of Haematology, 2020, 190, 772-782

with individual platelet counts) in BL cases in the worldwide
literature.

Our findings that platelet counts and haemoglobin were
both decreased with malaria parasitaemia/antigenaemia in
controls and in eBL cases and in eBL cases as compared to the
controls is consistent with the idea that relative thrombocy-
topenia is a disease effect due to malaria in the controls and
eBL cases who are malaria positive or due to both malaria and
eBL in the eBL cases, regardless of their malaria status. Both
chronic malaria and eBL may suppress the bone marrow and

2930 which can

are associated with splenic enlargement,
decrease platelet counts and haemoglobin. However, our data
also suggest that BL is associated with disproportionately ele-
vated platelet counts, thus, the reasons noted above would not
explain the elevated platelet count pattern observed in eBL
cases with or without malaria, or in BL cases from outside the
malaria belt. It is theoretically possible that BL, regardless of
malaria status, perhaps through infiltration or paracrine
effects, modulates megakaryocyte physiology and increases the
release of platelets into peripheral circulation. Such prema-
turely released platelets may have functional deficits, as sug-
gested by Asare e al*? who observed that platelets in
lymphoma cases had decreased platelet membrane glycopro-
tein expressions. However, our finding of the expected reduc-
tions in platelet counts in eBL cases with malaria parasitaemia/
antigenaemia, similar to those in the controls with malaria par-
asitaemia/antigenaemia, suggests that platelets are functionally
active against malaria, as reflected by their numbers in eBL
cases and in children without eBL.'?

While the explanation for disproportionately elevated platelet
counts with BL is unclear to us, we suggest several possibilities.
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Table IV. Summary of platelet counts at diagnosis for eBL cases with available platelet count data reported in the literature.

780

QOceania,

South America/

North America,
n =61 (%)

Total, Africa, Asia, Europe, Middle East,

Platelet count,

10°/1

n=1(%)

Caribbean, n = 6 (%)

n =24 (%) n =39 (%) n="7(%)

n=>5(%)

n = 143 (%)

1 (100-0)

3 (50-0)
1(16:7)
1(16:7)
1(16:7)

17 (27-9)
9 (14-8)
4 (6:6)

5 (8-2)

2 (28-6)

10 (25-6)
7 (17-9)
4 (103)

2 (83)

1 (20-0)

36 (252)
20 (14-0)
11 (7:7)
13 (9:1)
24 (16-8)

16 (11-2)

<50

3 (12:5)
1(42)

50-99

1 (20-0)

100-149

2 (28-6)

5 (20-8)
5 (20-8)
3 (12-5)

150-199
200-299

12 (19-7)
7 (11-5)
1(1-6)
6 (9-8)

4 (10-3) 2 (28:6)
1(14-3)

1 (20-0)
2 (40-0)

3(7-7)
1(2:6)

300-399

2 (1-4)
21 (14-7)

400-450
>450

10 (256)

5(20-8)

First, platelets are known to be disproportionately elevated in
several solid tumours, an observation which has led to the
search for platelet-derived biomarkers as targets for early cancer
detection or liquid biopsy.*® Our results suggest that BL should
be included and investigated as one of the malignancies with
disproportionately elevated platelet counts. Second, platelets are
biologically active in the germinal centre,”® where BL origi-
nates.*®*! Platelets play a role in B-cell maturation and B-cell
isotype switching,** and are a rich source for transforming
growth factor-B (TGE-B),** which is implicated in transforming
cells through activation of reactive oxygen species.** Thus, plate-
lets could enhance proliferation of initiated B cells and facilitate
their escape of immune-mediated destruction and progression
to BL. Finally, recent studies suggest that platelet count is a
genetically controlled trait.*>*® Thus, the platelet associations
suggested by our study could be further clarified using genetic
methods that focus on platelet-associated genetic variants.

We acknowledge that non-biological factors, such as

: 47-49
machine measurement €rror,

could explain our results.
However, our findings that platelet counts were decreased
with malaria parasitaemia/antigenaemia in controls and eBL
cases and the significant inverse correlation between platelet
count and mean platelet volume,!! both of which are
expected patterns, undermine this explanation. Spurious ele-
vation of platelet counts due to fragments of the cellular
components of blood being counted as platelets is possi-
ble,*”** and has been shown to lead to overestimation of pla-
telet count by 20-25%.*”*" However, the likely causes of
fragments that give rise to machine artefacts, such as leuke-

29,30 659 are rare in eBL.

mic manifestation and severe malaria,

The strengths of our study include using a large well-char-
acterized dataset of eBL cases and controls from Uganda,
Tanzania and Kenya and having detailed information about
potential confounders.”” The main limitation is the cross-sec-
tional design,”® which precludes temporal inferences. The
discovery of genetic variants in genome-wide association
studies (GWAS) associated with platelet counts***>* sug-
gests an alternative way to explore platelet associations using
Mendelian Randomization (MR), which will reduce concerns
about reverse causation. MR takes advantage of the idea that
an individual’s genotype is randomized at conception,”* and
that genetic variants that are correlated with platelet count’
are ascertained with great accuracy.*>*® However, platelet
GWAS have been conducted in European, Asian and African
American ancestry populations,*>>** who are ancestrally dif-
ferent from eBL belt populations.®® Thus, it will be necessary
to update platelet GWAS variants in East African eBL belt
populations.

In conclusion, we show that platelet counts were decreased
with malaria infection in controls and in eBL cases in
Uganda, Tanzania, and Kenya. These findings suggest that
platelet-mediated action against malaria is observed both in
children with and without eBL. Secondly, we observed plate-
let counts were elevated in children with eBL regardless of

malaria status, and that a disproportionate number of BL

© 2020 British Society for Haematology and John Wiley & Sons Ltd
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cases reported in the literature have elevated platelet counts.
These findings are novel and warrant further exploration.

Acknowledgements

We thank the study population and communities for their
participation. We thank Ms. Janet Lawler-Heavner at Westat
Inc, (Rockville, MD, USA) and Mr. Erisa Sunday at the Afri-
can Field Epidemiology Network (Kampala, Uganda) for
managing the study. We are grateful to the leadership of the
collaborating countries and institutions for hosting local field
offices and laboratories and supporting the fieldwork. We
thank Ms. Laurie Buck, Dr. Carol Giffen, Mr. Greg Rydzak
and Mr. Jeremy Lyman at Information Management Services
Inc. (Calverton, MD, USA) for coordinating data, and
preparing data analysis files.

This work was supported by the Intramural Research Pro-
gram of the Division of Cancer Epidemiology and Genetics,
National Cancer Institute (NCI) (Contracts HHSN26120
1100063C and HHSN261201100007I) and, in part, by the
Intramural Research Program, National Institute of Allergy
and Infectious Diseases (SJR), National Institutes of Health,
Department of Health and Human Services.

The content of this publication does not necessarily reflect
the views or policies of the Department of Health and
Human Services, nor does mention of trade names, commer-
cial products, or organizations imply endorsement by the US
Government.

Author contributions

SMM conceived the idea, designed the study and supervised
the work. MDO, PK, SJR, CNT, RTK, WNW, NM, EK,
LWA, RJB, KB and JJG contributed to study design and
supervised field work. TK, 10, IDL, HN, HD, MM, and
PAW conducted fieldwork. SP conducted statistical analysis
and interpreted data. SMM advised on statistical analysis. SP
drafted the manuscript; JJG and SMM critically edited the
paper. All authors contributed to the manuscript, read and
approved the final manuscript.

Conflicts of interest

The authors declare to have no potential conflicts of interest
regarding the present work.

Supporting Information

Additional supporting information may be found online in
the Supporting Information section at the end of the article.

Fig S1. Flow chart showing the selection of cases and con-
trols in the EMBLEM study, by country, those excluded
because they lacked platelet count data, the basis of diagnosis
for the enrolled cases and the completeless of malaria data
for both the cases and controls. Abbreviations: Y’=Yes,
N’=No and 'n’=number of subjects with information.
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Fig S2. Correlation between platelet count and mean pla-
telet volume among all controls and stratified by malaria
infection status.

Table SI. The distribution of mean platelet counts by age
group among the matched population controls in the
EMBLEM study stratified by malaria infection status.

Table SII. Summary of complete blood count data among
eligible cases and controls in the EMBLEM study.

Table SIII. Results of literature search for Burkitt lym-
phoma cases with individual-level pretreatment platelet count
data.

References

1. Hammerl L, Colombet M, Rochford R, Ogwang DM, Parkin DM. The
burden of Burkitt lymphoma in Africa. Infect Agent Cancer. 2019;14:17.

2. Bouvard V, Baan RA, Grosse Y, Lauby-Secretan B, El Ghissassi F, Ben-
brahim-Tallaa L, et al. Carcinogenicity of malaria and of some poly-
omaviruses. Lancet Oncol. 2012;13:339—40.

3. Rochford R, Cannon MJ, Moormann AM. Endemic Burkitt’s lymphoma:
a polymicrobial disease? Nat Rev Microbiol. 2005;3:182—7.

4. Dalla-Favera R, Bregni M, Erikson J, Patterson D, Gallo RC, Croce CM.
Human c-myc onc gene is located on the region of chromosome 8 that is
translocated in Burkitt lymphoma cells. Proc Natl Acad Sci U S A.
1982;79:7824-7.

5. Robbiani DF, Deroubaix S, Feldhahn N, Oliveira TY, Callen E, Wang Q,
et al. Plasmodium infection promotes genomic instability and AID-depen-
dent B cell lymphoma. Cell. 2015;162:727-37.

6. Legason ID, Pfeiffer RM, Udquim KI, Bergen AW, Gouveia MH, Kir-
imunda S, et al. Evaluating the Causal Link Between Malaria Infection and
Endemic Burkitt Lymphoma in Northern Uganda: A Mendelian Random-
ization Study. EBioMedicine. 2017;25:58-65.

7. Aka P, Vila MC, Jariwala A, Nkrumah F, Emmanuel B, Yagi M, et al
Endemic Burkitt lymphoma is associated with strength and diversity of
Plasmodium falciparum malaria stage-specific antigen antibody response.
Blood. 2013;122:629-35.

8. Coghill AE, Proietti C, Liu Z, Krause L, Bethony J, Prokunina-Olsson L,
et al. The Association between the comprehensive epstein-barr virus sero-
logic profile and endemic burkitt lymphoma. Cancer Epidemiol Biomarkers
Prev. 2020529:57-62.

9. Youssefian T, Drouin A, Masse JM, Guichard ], Cramer EM. Host defense
role of platelets: engulfment of HIV and Staphylococcus aureus occurs in
a specific subcellular compartment and is enhanced by platelet activation.
Blood. 2002;99:4021-9.

10. McMorran BJ, Wieczorski L, Drysdale KE, Chan JA, Huang HM, Smith C,
et al. Platelet factor 4 and Duffy antigen required for platelet killing of
Plasmodium falciparum. Science. 2012;338:1348-51.

11. Giles C. The platelet count and mean platelet volume. Br | Haematol.
1981;48:31-7.

12. Seyoum M, Enawgaw B, Melku M. Human blood platelets and viruses:
defense mechanism and role in the removal of viral pathogens. Thromb J.
2018;16:16.

13. Kho S, Barber BE, Johar E, Andries B, Poespoprodjo JR, Kenangalem E,
et al. Platelets kill circulating parasites of all major Plasmodium species in
human malaria. Blood. 2018;132:1332-44.

14. McMorran BJ, Marshall VM, de Graaf C, Drysdale KE, Shabbar M, Smyth
GK, et al. Platelets kill intraerythrocytic malarial parasites and mediate
survival to infection. Science. 2009;323:797-800.

15. Fajardo LF. The role of platelets in infections. I. Observations in human
and murine malaria. Arch Pathol Lab Med. 1979;103:131-4.

16. Ockenhouse CF, Tandon NN, Magowan C, Jamieson GA, Chulay JD.
Identification of a platelet membrane glycoprotein as a falciparum malaria
sequestration receptor. Science. 1989;243:1469-71.

781

85U8017 SUOWIWIOD BAIKR.D 3(edl|dde ay) Aq peusenob ke sapie YO ‘8sn 0 Se|ni oy Akeiqi8ulIUO AB]IM UO (SUORIPUOD-PUR-SLLIBY WD A8 | 1M ARe.d 1 |Bul UO//SdhLf) SUORIPUOD pue SW L 8L 88S *[2202/TT/L2] Uo Arigiaulluo Ao|Im ‘A1sieAlun 10N Y ANI Y - dSVNI AQ 00£9T Ula/TTTT'0T/I0P/W0D A8 i ARe.d 1 jpuluoy//sdny Wwolj pepeojumod 'S ‘0202 ‘TrTZS9ET



S. Peprah et al.

17.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.
30.

31.

32.

33.

34.

35.

36.

Anabire NG, Aryee PA, Addo F, Anaba F, Kanwugu ON, Ankrah J, et al.
Evaluation of hematological indices of childhood illnesses in Tamale
Metropolis of Ghana. J Clin Lab Anal. 2018;32:€22582.

. Gerardin P, Rogier C, Ka AS, Jouvencel P, Brousse V, Imbert P. Prognos-

tic value of thrombocytopenia in African children with falciparum malaria.
Am ] Trop Med Hyg. 2002;66:686-91.

Grau GE, Mackenzie CD, Carr RA, Redard M, Pizzolato G, Allasia C,
et al. Platelet accumulation in brain microvessels in fatal pediatric cerebral
malaria. J Infect Dis. 2003;187:461-6.

Ladhani S, Lowe B, Cole AO, Kowuondo K, Newton CR. Changes in
white blood cells and platelets in children with falciparum malaria: rela-
tionship to disease outcome. Br J Haematol. 2002;119:839-47.

Maina RN, Walsh D, Gaddy C, Hongo G, Waitumbi J, Otieno L, et al.
Impact of Plasmodium falciparum infection on haematological parameters
in children living in Western Kenya. Malar J. 2010;9(Suppl 3):S4.

Asare R, Opoku-Okrah C, Danquah KO, Opare-Sem O, Addai-Mensah O,
Gyamfi D, et al. Expression of platelet parameters and platelet membrane
glycoproteins in childhood Burkitt lymphoma. Leuk Res. 2019;84:106189.
Peprah S, Ogwang MD, Kerchan P, Reynolds SJ, Tenge CN, Were PA,
et al. Risk factors for Burkitt lymphoma in East African children and min-
ors: a case-control study in malaria-endemic regions in Uganda, Tanzania
and Kenya. Int ] Cancer. 2020;146:953—69.

Maziarz M, Kinyera T, Otim I, Kagwa P, Nabalende H, Legason ID, et al.
Age and geographic patterns of Plasmodium falciparum malaria infection
in a representative sample of children living in Burkitt lymphoma-endemic
areas of northern Uganda. Malar J. 2017;16:124.

Bessman JD, Williams L], Gilmer PR Jr. Mean platelet volume. The inverse
relation of platelet size and count in normal subjects, and an artifact of
other particles. Am J Clin Pathol. 1981;76:289-93.

von Behrens WE. Evidence of phylogenetic canalisation of the circulating
platelet mass in man. Thromb Diath Haemorrh. 1972;27:159-72.

Greenland S, Pear] J, Robins JM. Causal diagrams for epidemiologic
research. Epidemiology. 1999;10:37—48.

Schisterman EF, Cole SR, Platt RW. Overadjustment bias and unnecessary
adjustment in epidemiologic studies. Epidemiology. 2009;20:488-95.

Ziegler JL. Burkitt’s lymphoma. N Engl ] Med. 1981;305:735-45.

Ziegler JL, Bluming AZ, Templeton AC. Burkitt’s lymphoma and tropical
splenomegaly syndrome. Lancet. 1971;2:317.

Segal JB, Moliterno AR. Platelet counts differ by sex, ethnicity, and age in
the United States. Ann Epidemiol. 2006;16:123-30.

McGoldrick SM, Mutyaba I, Adams SV, Larsen A, Krantz EM, Namirembe
C, et al. Survival of children with endemic Burkitt lymphoma in a
prospective clinical care project in Uganda. Pediatr Blood Cancer. 2019;66:
€27813.

Mwanda OW. Clinical characteristics of Burkitt’s lymphoma seen in
Kenyan patients. East Afr Med J. 2004;81:578-89.

Kriel M, Davidson A, Pillay K, Hendricks M, Phillips LA. Clinicopatholog-
ical characterization of children with B-cell non-hodgkin lymphoma over
10 years at a tertiary center in cape town, South Africa. | Pediatr Hematol
Oncol. 2020;42:€219-227.

Hesseling P, Molyneux E, Kamiza S, Israels T, Broadhead R. Endemic
Burkitt lymphoma: a 28-day treatment schedule with cyclophosphamide
and intrathecal methotrexate. Ann Trop Paediatr. 2009;29:29-34.

Lugada ES, Mermin J, Kaharuza F, Ulvestad E, Were W, Langeland N,
et al. Population-based hematologic and immunologic reference values
for a healthy Ugandan population. Clin Diagn Lab Immunol. 2004;
11:29-34.

782

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Kibaya RS, Bautista CT, Sawe FK, Shaffer DN, Sateren WB, Scott PT,
et al. Reference ranges for the clinical laboratory derived from a rural pop-
ulation in Kericho. Kenya. PLoS One. 2008;3:e3327.

Asghar S, Parvaiz F, Manzoor S. Multifaceted role of cancer educated pla-
telets in survival of cancer cells. Thromb Res. 2019;177:42-50.

Elzey BD, Grant JF, Sinn HW, Nieswandt B, Waldschmidt TJ, Ratliff TL.
Cooperation between platelet-derived CD154 and CD4+ T cells for
enhanced germinal center formation. J Leukoc Biol. 2005a;78:80—4.

Basso K, Dalla-Favera R. Germinal centres and B cell lymphomagenesis.
Nat Rev Immunol. 2015;15:172—84.

Elzey BD, Sprague DL, Ratliff TL. The emerging role of platelets in adap-
tive immunity. Cell Immunol. 2005b;238:1-9.

Elzey BD, Tian J, Jensen R], Swanson AK, Lees JR, Lentz SR, et al. Plate-
let-mediated modulation of adaptive immunity. A communication link
between innate and immune
2003;19:9-19.

Kehrl JH, Wakefield LM, Roberts AB, Jakowlew S, Alvarez-Mon M, Der-
ynck R, et al. Production of transforming growth factor beta by human T

adaptive compartments. Immunity.

lymphocytes and its potential role in the regulation of T cell growth. J Exp
Med. 1986;163:1037-50.

Cerimele F, Battle T, Lynch R, Frank DA, Murad E, Cohen C, et al. Reac-
tive oxygen signaling and MAPK activation distinguish Epstein-Barr Virus
(EBV)-positive versus EBV-negative Burkitt’s lymphoma. Proc Natl Acad
Sci U S A. 2005;102:175-9.

Gieger C, Radhakrishnan A, Cvejic A, Tang W, Porcu E, Pistis G, et al.
New gene functions in megakaryopoiesis and platelet formation. Nature.
2011;480:201-8.

Whitfield JB, Martin NG. Genetic and environmental influences on the
size and number of cells in the blood. Genet Epidemiol. 1985;2:133—44.
Chan RY, Vergara-Lluri M. Pseudoplatelets in acute myeloid leukemia.
Blood. 2015;126:559.

Savage RA, Lucas FV, Hoffman GC. Spurious thrombocytosis caused by
red blood cell fragmentation. Am J Clin Pathol. 1983;79:144.

van der Meer W, MacKenzie MA, Dinnissen JW, de Keijzer MH. Pseudo-
platelets: a retrospective study of their incidence and interference with pla-
telet counting. J Clin Pathol. 2003;56:772—4.

Derkach A, Otim I, Pfeiffer RM, Onabajo OO, Legason ID, Nabalende H,
et al. Associations between IgG reactivity to Plasmodium falciparum ery-
throcyte membrane protein 1 (PfEMP1) antigens and Burkitt lymphoma
in Ghana and Uganda case-control studies. EBioMedicine. 2019;39:358-68.
Schulz KF, Grimes DA. Case-control studies: research in reverse. Lancet.
2002;359:431-4.

Oh JH, Kim YK, Moon S, Kim YJ, Kim BJ. Genome-wide association
study identifies candidate Loci associated with platelet count in koreans.
Genomics Inform. 2014;12:225-30.

Qayyum R, Snively BM, Ziv E, Nalls MA, Liu Y, Tang W, et al. A meta-
analysis and genome-wide association study of platelet count and mean
platelet volume in african americans. PLoS Genet. 2012;8:¢1002491.

Palmer TM, Fau SJ, Harbord RM, Lawlor DA, Sheehan NA, Meng S,
Granell R, Smith GD, Didelez V. Instrumental variable estimation of cau-
sal risk ratios and causal odds ratios in Mendelian randomization analyses.
Am ] Epidemiol. 2010;173(12):1392-403.

Kuter DJ. The physiology of platelet production. Stem Cells. 1996;14(Suppl
1):88-101.

Gouveia MH, Bergen AW, Borda V, Nunes K, Leal TP, Ogwang MD,
et al. Genetic signatures of gene flow and malaria-driven natural selection
in sub-Saharan populations of the "endemic Burkitt Lymphoma belt".
PLoS Genet. 2019;15:1008027.

© 2020 British Society for Haematology and John Wiley & Sons Ltd

British Journal of Haematology, 2020, 190, 772-782

85U8017 SUOWIWIOD BAIKR.D 3(edl|dde ay) Aq peusenob ke sapie YO ‘8sn 0 Se|ni oy Akeiqi8ulIUO AB]IM UO (SUORIPUOD-PUR-SLLIBY WD A8 | 1M ARe.d 1 |Bul UO//SdhLf) SUORIPUOD pue SW L 8L 88S *[2202/TT/L2] Uo Arigiaulluo Ao|Im ‘A1sieAlun 10N Y ANI Y - dSVNI AQ 00£9T Ula/TTTT'0T/I0P/W0D A8 i ARe.d 1 jpuluoy//sdny Wwolj pepeojumod 'S ‘0202 ‘TrTZS9ET



