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Key Points

• eBL was positively associated
with anti–HRP-II antibodies
and inversely associated with
anti-SE36 antibodies.

• Anti–HRP-II antibodies
suggest that recent malaria
infection triggers the onset of
eBL; anti-SE36 antibodies
suggest long-term infection
and immunity.

Endemic Burkitt lymphoma (eBL) is linked to Plasmodium falciparum (Pf) infection

geographically, but evidence from individual-level studies is limited. We investigated

this issue among 354 childhood eBL cases and 384 age-, sex-, and location-matched

controls enrolled in Ghana from 1965 to 1994. Immunoglobulin G1 (IgG1) and immu-

noglobulin G3 (IgG3) antibodies to antigens diagnostic of recent infection Pf histidine-

rich protein-II (HRP-II) and 6NANP, Pf-vaccine candidates SE36 and 42-kDa region of the

3D7 Pf merozoite surface protein-1 (MSP-1), and tetanus toxoid were measured by

indirect enzyme-linked immunoassay. Odds ratios (ORs) and 95% confidence intervals

(CIs) for association with eBL were estimated using unconditional logistic regression.

After adjustments, eBL was positively associated with HRP-IIIgG3 seropositivity (ad-

justed OR: 1.60; 95% CI 1.08-2.36) and inversely associated with SE36IgG1 seropositivity

(adjusted OR: 0.37; 95% CI 0.21-0.64) and with tetanus toxoidIgG3 levels equal or higher

than the mean (adjusted OR: 0.46; 95% CI 0.32-0.66). Anti–MSP-1IgG3 and anti-6NANPIgG3

were indeterminate. eBL risk was potentially 21 times higher (95% CI 5.8-74) in HRP-

IIIgG3–seropositive and SE36IgG1-seronegative responders compared with HRP-IIIgG3–seronegative and SE36IgG1-seropositive

responders. Our results suggest that recent malaria may be associated with risk of eBL but long-term infection may be protective.

(Blood. 2013;122(5):629-635)

Introduction

Endemic Burkitt Lymphoma (eBL) is a non-Hodgkin lymphomawith
high-incidence clusters in many countries in equatorial Africa and
PapuaNewGuinea, where it accounts for 50% to 75%of all childhood
cancers.1 Plasmodium falciparum (Pf) malaria is suspected to play an
etiologic role in eBL2 based on the geographical coclustering of high
eBL incidence and high incidence of Pf malaria.3 Chronic polyclonal
stimulation of B cells by recurrent Pf infection is thought to increase
the risk for stochastic translocation of the Myc proto-oncogene on
human chromosome 8 into the vicinity of the regulatory elements of
immunoglobulin heavy or light chain loci on human chromosome 14,
2, or 22 in B cells, the earliest event in eBL tumorigenesis.4 Alter-
natively, recurrent Pf infection could influence eBL risk indirectly
through impairment of T-cell immunity leading to uncontrolled pro-
liferation of Epstein Barr virus (EBV),5 which is linked to eBL.6

However, direct evidence for a role of Pfmalaria infection in eBL
in individual-level studies is limited.7 Case-control studies conducted

in the 1970s8,9 failed to show significant differences in malaria
antibodies in sera of eBL cases and controls, but the small sample
size (,60 cases and controls in the largest study), nonrepresentative
controls, and use of early-generation antibody tests were limitations.
Two case-control studies conducted recently including more cases
and better selection of controls have shown a 5 to 12 times higher risk
of eBL in children with high titers of whole schizont extract (WSE)
antibodies compared with controls.10,11 In both studies, children with
eBL were less likely to report using household insecticides or
mosquito bed nets at night compared with controls, implying recent
exposure to Pf in eBL cases. However, these studies are limited by
a focus on antibodies to 1 Pf antigen, which does not fully capture the
immunobiology of Pf malaria in eBL.12 Immunity to Pf develops
slowly, with the antibody repertoire to various Pf epitopes increasing
unevenly in children with comparable levels of repeated or chronic Pf
infection.13,14 Moreover, the antibody responses may be transient
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and may wane quickly in the absence of frequent exposure to Pf
parasites.15 A new interest in vaccine development for malaria16 is
providing a new conceptual framework to study the link between
immunity to Pf and eBL.We reported recently, in a proof-of-concept
study, that Ghanaian eBL cases had significantly lower anti-SE36
antibodies than age- and location-matched controls.17 SE36 is a
subunit of Pf (Honduras 1) serine repeat antigen-5 protein, which is
thought to be vital for completion of the erythrocytic phase of the
malaria life cycle and has emerged as a vaccine target.18 In humans,
high anti-SE36 titers are associated with a significantly lower risk for
severe clinical malaria in children.19 In vitro studies have shown that
high anti-SE36 titers inhibit Pf parasite growth in culture,16 and
animal trials have shown that Aotus monkeys immunized with SE36
protein are protected against challenge with Pf.17,18

Here, we report results from our investigation expanded to
include 4 malaria antigens, namely, SE36 and 1 additional Pf vaccine
candidate antigen, the 42-kDa region of the 3D7Pfmerozoite surface
protein-1 (MSP-1),16,20 and 2 diagnostic antigens, namely, histidine-
rich protein-II (HRP-II)21 and 6 tetrapeptide (6NANP) repeats of
circumsporozoite protein (CSP).22

Methods

Study population

Cases were children (0-15 years) with histologically or cytologically
confirmed (92% of cases) eBL treated at Korle-Bu Teaching Hospital, Accra,
Ghana, from 1965 to 1994.23,24 The cases were mostly from southern areas of
Ghana, where malaria transmission intensity is moderate to high (mesoen-
demic).25 Most controls were apparently healthy children of a similar age and
sex to the case enrolled from the nearest neighboring house to the case.26

About one-third of the controls were children referred to the Korle-Bu
Teaching Hospital with suspected eBL but were diagnosed subsequently with
a benign or a nonlymphoid malignancy. These controls were representative of
the cases in terms of referral patterns, so they were included to increase the
statistical power of the study.

Cases and controls were enrolled after obtaining permission from a parent
or guardian. Children older than 8 years gave assent. Age, sex, and date of
enrollment were recorded on structured forms. Malaria status was evaluated
by light microscopy at the time of the study and children who were positive
were treated, but these results were not recorded consistently. A pretreatment
venous blood sample was drawn and separated into aliquots, which were
stored at270°C at the U.S. National Cancer Institute repository until testing.
Previously unthawed samples or aliquots of samples that were thawed only
once were used in this study. Ethical approval for the current study was
obtained from the Office of Human Subject Research at the National Institutes
of Health and The George Washington University institutional review board.
No identifying subject data were used in this study.

Serological methods

Subclass-specific immunoglobulin G (IgG) subclasses IgG1 and IgG3 against
4 recombinant Pf antigens were measured by an indirect enzyme-linked
immunosorbent assay as described in detail in the supplemental Methods. The
antigens included SE3618 and the 42-kDaMSP-1 region of 3D7 Pf parasites,20

which are blood-stage vaccine candidates, and HRP-II21 and 6NANP proteins,
which are included in kits used to measure current or recent malaria
infection.21,22 HRP-II is expressed during the posthepatic blood stage of
infection, while 6NANP is part of CSP and it is expressed in the prehepatic
stage of infection.27 Tetanus toxoid was included as an antigen irrelevant for
eBL to assess general humoral response. Laboratory staff were blinded to
the status (case or control) of the samples to minimize bias. Replicate samples
(n 5 100) were embedded within the same plate and also in different test
plates to measure within- and between-plate assay reproducibility. Well-
characterized serum from 10 Pf-exposed individuals from Uganda19 was

included in all plates as a standard reference sera to enable homologous
interpolation of the optical density readings of experimental sera into
arbitrary units (AUs) onto a 4-parameter standard calibration curve using
the methods proposed by Miura et al28 for measuring antibodies induced by
experimental malaria vaccines. This method allows a limit of quantification
(LOQ) for each assay to be determined (see supplemental Methods).
Samples with AU values below LOQ are considered antibody negative,
while samples with AU values equal or above LOQ are considered antibody
positive (see supplemental Methods).

Statistical methods

Statistical analyses were performed using STATA (version 11; STATA,
College Station, TX). The main analyses were performed using the full set of
controls. However, sensitivity analyses were performed using healthy controls
only. Within- and between-plate coefficients of variation (CVs), calculated by
dividing assaymean by the assay standard deviation of replicate samples, were
used to evaluate the reliability of IgG assays. Assay results with within- and
between-plate CVs,30% passed and were included in analyses. Assay results
with CVs >30% failed and were excluded from the analyses. Correlations
between log-transformed AU antigen-specific antibody results and between
antigen-specific antibody results with age were evaluated using Spearman’s
correlation coefficient. The Student t test was used to analyze continuous
variables and the x2 test to analyze categorical variables. Crude and adjusted
odds ratios (aORs) and 95% confidence intervals (CIs) for association between
eBL and antigen-specific antibody results were estimated using unconditional
logistic regression. A trend in the odds ratios (ORs) for eBL with different
antigen-specific antibody responder categories of low, medium, or high
compared with negative was evaluated using the x2 test for trend. In this
analysis, negative category was defined as AU values less than the LOQ. The
low, medium, and high categories were defined using tertile cutoff points for
the specific antibody among healthy controls with results equal or greater than
the LOQ. The antigen-specific antibody ORs were adjusted for sex, age group
(3-year bands), calendar year of enrollment, inclusion in the previous SE36
study,17 and each other. The antigen-specific antibody results were considered
a priori to be both exposures and potential confounders of each other. The
independent contribution of each antigen-specific antibody result to the full
model was evaluated using the likelihood ratio test. Two-sided P values, .05
were considered statistically significant.

Results

We studied 354 cases and 384 controls (Table 1), including 269
healthy location-matched controls. The gender distribution was simi-
lar for the cases and controls. Compared with controls, cases were
overrepresented in ages 3 to 8 years and underrepresented from 1965
to 1974, the early years of the study. Five assays passed reliability
criteria of within- and between-plate CVs ,30% (anti-SE36IgG1,
anti–MSP-1IgG3, anti–HRP-IIIgG3, anti-6NANPIgG3, and anti–tetanus
toxoid IgG3), while 3 assays failed (CVs >30%: anti-SE36IgG3,
anti–MSP-1IgG1, and anti–HRP-IIIgG1) and were excluded (supple-
mental Figure 2). The correlations between antibody results for the
5 assays with acceptable CVs were generally small (correlation
coefficient range 0.14-0.31 in all pairs), although some were sta-
tistically significant (not shown). Anti–tetanus toxoidIgG3 antibodies
were detected in 99% of the cases and 97% of the controls (P5 .252;
Table 1), suggesting comparable overall access to tetanus vaccination
and immune seroconversion among the cases and controls. However,
the proportion of children with anti–tetanus toxoidIgG3 response less
than the mean titer observed in healthy controls was higher in eBL
cases than in controls (78% vs 67%, P 5 .001, not shown). The
proportion of children with antibodies to at least 1 Pf antigen was
similar in the cases and the controls (95% in each group, P 5 .664;
Table 1). Antibody positivity was 91% for anti-SE36IgG1, 53% for
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anti–MSP-1IgG3, 66% for anti–HRP-IIIgG3, and 84% for anti-
6NANPIgG3 (Table 2). The mean antibody level (AU) for anti–
HRP-IIIgG3was 0.46-log higher in eBL cases than in controls (P5 .034).
AU was 0.18-log lower in eBL cases than in controls for anti–tetanus
toxoidIgG3 (P 5 .008). AUs were similar for the remaining antibodies
(Figure 1; supplemental Table 1).

After adjusting for sex, age, calendar-year period, inclusion in the
previous SE36 study,17 and all antibody results, eBL was inversely
associated with anti-SE36IgG1 seropositivity (aOR: 0.37; 95% CI
0.21-0.64; P, .001) and positively associated with anti–HRP-II IgG3
seropositivity (aOR 1.60; 95%CI 1.08-2.36;P5 .019; Table 2). eBL

was unrelated to anti–MSP-1IgG3 seropositivity (P 5 .982) and
unrelated to anti-6NANPIgG3 seropositivity (P 5 .844). Consistent
with the finding that anti–tetanus toxoid response was lower in eBL
cases than in controls, having anti–tetanus toxoidIgG3 levels equal to
or higher than the mean was inversely associated with eBL (aOR:
0.46; 95% CI 0.31-0.66; P, .001; Table 2). We therefore evaluated
the statistical correlation between anti-SE36IgG1 seropositivity and
mean levels for anti–tetanus toxoidIgG3. Among the controls, anti-
SE36IgG1 seropositives were more likely than anti-SE36IgG1 sero-
negatives to have anti–tetanus toxoidIgG3 levels equal to or greater
than the mean (35% vs 18%, P5 .053). A similar but nonsignificant
difference was seen among the cases (23% vs 15%, P 5 .164). We
therefore repeated the analysis looking at association between eBL
with anti-SE36 and anti–HRP-II antibodies stratified according to
anti–tetanus toxoidIgG3 response less than, or equal to or above, the
mean. The inverse association between eBL anti-SE36IgG1 seropos-
itivity was observed in children with anti–tetanus toxoid antibody
response less than the mean (OR 0.45; 95% CI 0.26-0.77) and in
those with anti–tetanus toxoid antibody response equal to or higher
than the mean (OR 0.39; 95% CI 0.12-1.26). Likewise, the positive
association between eBL and anti–HRP-IIIgG3 seropositivity was
observed in children with anti–tetanus toxoid antibody response
less than the mean (OR 1.94; 95% CI 1.30-2.91) and those with
anti–tetanus toxoid antibody response equal to or higher than the
mean (OR 1.17; 95% CI 0.61-2.24), but the OR was not statistically
significant in the latter responder group.

After adjustment, the OR of eBL decreased with increasing
tertiles of tetanus toxoidIgG3 responder categories (Figure 2A). The
ORs for eBL were unrelated to anti–MSP-1 responder categories
(Figure 2B). In contrast with the qualitative results, the ORs for
association between eBL with different anti-6NANP responder
categories were mixed. The association was positive among the
low anti-6NANP antibody responder group but then became
negative in the medium and high antibody responder group, with
a statistically significant aOR in the high anti-6NANP antibody
responder category (Figure 2C).

The ORs for association between eBL and anti-SE36 was
negative for low, medium, and high vs negative responder categories,
but without showing a statistical trend (Ptrend 5 .543; Figure 3A).

Table 1. Characteristics of cases and controls in the Ghana Burkitt
lymphoma study

Characteristic Cases (%) Controls (%) P

All subjects 354 (100) 384 (100)

Sex .364

Female 145 (41) 170 (44)

Male 209 (59) 214 (56)

Age group, y ,.001

0-2 4 (1) 15 (4)

3-5 64 (18) 62 (16)

6-8 144 (41) 100 (26)

9-11 83 (23) 109 (28)

12-14 59 (17) 98 (26)

Enrolment year .001

1965-1974 95 (27) 145 (38)

1975-1984 128 (36) 98 (25)

1985-1994 131 (37) 141 (37)

Included in previous SE36 study*

Yes 293 (83) 234 (61) ,.001

No 61 (17) 150 (39)

Anti–tetanus toxoidIgG3

Negative 5 (1) 10 (3) .252

Positive 349 (99) 374 (97)

Response to malaria antigens .664

Negative for all 4 antigens 16 (5) 20 (5)

Positive to $1 of 4 antigens 338 (95) 364 (95)

*Indicates whether subjects in this study were tested or not in the previous study of

association between eBL anti-SE36 seroreactivity conducted, as previously described.17

Table 2. Association of antibodies to selected Pf antigens with Burkitt lymphoma in Ghana

Characteristic Cases (%) Controls (%) cOR (95% CI) P aOR (95% CI)* P

Vaccine candidate antigens

SE36IgG1 .006 ,.001

Negative 54 (15) 33 (9) Reference Reference

Positive 300 (85) 351 (91) 0.52 (0.33-0.83) 0.37 (0.21-0.64)

MSP-1IgG3 .496 .982

Negative 158 (45) 181 (47) Reference Reference

Positive 196 (55) 203 (53) 1.11 (0.83-1.48) 1.00 (0.71-1.39)

Exposure antigens

HRP-IIIgG3 .026 .019

Negative 94 (27) 131 (34) Reference Reference

Positive 260 (73) 253 (66) 1.43 (1.04-1.96) 1.60 (1.08-2.36)

6NANPIgG3 .453 .844

Negative 51 (14) 63 (16) Reference Reference

Positive 303 (86) 321 (84) 1.16 (0.78-1.74) 1.05 (0.63-1.76)

Control antigen

Tetanus toxoidIgG3† .001 ,.001

Less than the mean 276 (78) 256 (67) Reference Reference

Equal or greater than the mean 78 (22) 128 (33) 0.56 (0.41-0.79) 0.46 (0.32-0.66)

cOR, crude odds ratio.

*Associations were adjusted for age, sex, enrolment year, and each other, as well as for inclusion or not in the first SE36 study (see Methods).

†Anti–tetanus toxoid antibody response was categorized as less than, or equal or greater than, the mean in healthy location-matched controls (see Methods).

BLOOD, 1 AUGUST 2013 x VOLUME 122, NUMBER 5 eBL ASSOCIATED WITH IgGs TO Pf MALARIA 631

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/122/5/629/1373621/629.pdf by guest on 18 M

ay 2024



Conversely, the ORs for association between eBL with anti–HRP-II
were positive for low, medium, and high vs negative responder cate-
gories and showed a statistical trendwith increasing titers (Ptrend5 .006;
Figure 3B). The associations between eBL and both anti-SE36 and
anti–HRP-II persisted and became stronger with adjustment for baseline
characteristics and antibody responses to other malaria antigens
(Figure 3A-B). We examined the joint effects of anti-SE36IgG1 and
anti–HRP-IIIgG3 reactivity by grouping subjects into 4 responder
categories based on a priori biological postulation. The crude OR for
eBL was 13 (95% CI 3.85-45.6) in the anti-SE36 seronegative and
anti–HRP-II seropositive responder category compared with the anti-
SE36 seropositive and anti–HRP-II seronegative responder category
(Figure 3C). The association with eBL persisted and became stronger
(aOR 21; 95% CI 5.78-74) after adjustment of demographical risk
factors, other anti-malaria antibodies, and anti–tetanus toxoid, but
the association was imprecise because of relatively small numbers.
The aOR for eBL was 1.49 (95% CI 0.79-2.80) in the anti-SE36IgG1
seronegative and anti–HRP-IIIgG3 seronegative responder group
and 1.36 (95% CI 0.94-1.98; Figure 3C) in the anti–HRP-IIIgG3
seropositive and anti-SE36IgG1 seropositive responder group.

Discussion

We showed positive associations between eBL and anti–HRP-IIIgG3
positivity, considered to indicate recent or past malaria infection,

and an inverse association between eBL and anti-SE36IgG1 posi-
tivity, considered a vaccine candidate antigen. The HRP-II results
confirm the positive associations between eBL and Pfmalaria WSE
reported in 2 prior case-control studies.10,11 Conversely, the SE36
results confirm our previous anti-SE36 antibody findings17 using
results obtained from an independent laboratory. Using joint HRP-
IIIgG3 and SE36IgG1 results to define extreme responder groups, the
risk of eBL was potentially 13 to 20 times higher in children with
a recent infection but not a protected responder profile compared
with the children with a protected or no recent infection profile.
Possibly, anti-SE36 antibodies indicate long-term exposure to Pf,
which could be suggestive of immunity, while anti–HRP-II
antibodies suggest recent infection with Pf, which might suggest
that recent exposure to malaria might trigger eBL onset and/or
progression.

Biologically, Pf malaria infection induces B-cell proliferation,
which might trigger chromosomal translocation of c-MYC, the
earliest event in eBL pathophysiology. In addition, temporary
immunosuppression by recurrent malaria infection may predispose
children to EBV infection or trigger reactivation of latent EBV
infection, which may lead also lead to eBL onset.29,30 Our results
highlight recent malaria as a trigger for eBL and the need for future
research directed at understanding the relationship between humoral
immune response to a wide array of Pf antigens that are associated
with risk for eBL. Follow-up studies should take advantage of the

Figure 1. Dot plot showing log-transformed (base 2) antibody titers (AUs) to Pf antigens SE36IgG1, HRP-IIIgG3, 6NANPIgG3, MSP-1IgG3, and tetanus toxoidIgG3 for

children with eBL and location-matched controls. Each dot represents a single subject. The dotted line inside the box represents the mean, the solid line inside the box

represents the median, and the outer lines of the boxes represent values equal to the mean 6 1 standard deviation. The P values are the probability that the mean results in

the controls are equal to the mean results in the cases, based on the Student t test. SD, standard deviation; SE, standard error.
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novel proteomic technologies to fully characterize the repertoire of

antibodies to Pf that may be predictive of eBL.10,11

The inverse association between eBL and anti–tetanus toxoid
antibodies was unexpected. The results could be due to chance,
given that we studied many antibody outcomes. Chance, however,
is unlikely because previous studies have reported impairment of
total serum IgG, immunoglobulinM, and immunoglobulin A levels
and malaria-specific immunoglobulin M antibodies among eBL
cases when compared with controls in Ghana,24 Nigeria,31 and
Uganda,32 and anti-measles antibodies were also low in cases in the
Uganda study.32 The pathogenesis of immunoglobulin impairment
is unknown, but various mechanisms, including filtration loss into
urine,31 immunosuppression due to disease,33 and increased antibody
catabolism,24 have been suggested. These mechanisms would lead to
general impairment of immunoglobulin levels, but 3 exceptions
suggest that immunoglobulins are not globally impaired in eBL.
Immunoglobulin levels are higher in eBL cases than in controls
against EBV virus capsid antigen,6 Pf WSE,10,11 and, based on our
results, HRP-II protein. The associations of eBL with low anti-
SE36IgG1 and with high anti–HRP-IIIgG3 are likely valid because the

overall associations continued to be in same direction and of similar
magnitude in the anti–tetanus toxoid–stratified analyses, suggesting
that the results were not confounded. We found a positive correlation
between high anti–tetanus toxoid antibody response and anti-SE36
antibody responses, whichmight suggest that low antibodies to SE36
and tetanus toxoid are due to a common factor, but the nature of such
a factor is unknown. If such humoral deficits precede eBL, they could
potentially influence the successful establishment of EBV infection
and subsequent oncogenic transformation.

We found a null association between eBL and antibodies to the
42-kDa region of 3D7 MSP-1 antigen, thereby confirming null
results from a small study (32 eBL cases and 25 age- and
residence-matched controls) conducted in Kenya.34 Although the
42-kDa MSP-1 region of 3D7 Pf parasites includes protection-
bearing epitopes,16 a recent vaccine trial conducted in Kenya
using the same antigen failed to demonstrate protection against severe

Figure 2. Forest plot showing crude and adjusted ORs and 95% CIs of

association between eBL and subclass-specific antibodies to tetanus toxoid

and Pf malaria antigens MSP-1 and 6NANP. Top: tetanus toxoid; middle: MSP-1;

bottom: 6NANP. Open circles are crude ORs and filled squares are aORs. Adjusted

models included age group, sex, enrollment year, and inclusion or not in the first

study of anti-SE36 seroreactivity and antimalaria and anti–tetanus toxoid antibodies

(see Methods). The x-axis scales in the first 2 panels are from 0.1 to 10.

Figure 3. Forest plot showing crude and adjusted ORs and 95% CIs of

association between eBL and subclass-specific antibodies to Pf malaria

antigens SE36 and HRP-IIIgG3 and joint effects of detection of antibodies to

SE36 and HRP-II. Top: SE36; middle: HRP-IIIgG3; bottom: joint effects of detection of

antibodies to SE36 and HRP-II. Open circles are crude ORs and filled squares are

aORs. Adjusted models included age group, sex, enrollment year, and inclusion or

not in the first study of anti-SE36 seroreactivity and antimalaria and anti–tetanus

toxoid antibodies (see Methods). The x-axis scales in the first 2 panels are from 0.1

to 10, while the x-axis scale in the third panel is 0.01 to 100.
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Pf malaria.20 Our findings for anti-6NANP reactivity are mixed and
could be due to chance. However, follow-up studies are warranted
given that RTS,S/AS01,35 themost successful malaria vaccine to date,
is based on protection-inducing epitopes of the central repeat region
fused to the C-terminal region of the CSP.16

Our study has some limitations. Our results are based on case-
control data, so temporality of association cannot be determined and
reverse causality is a concern.36 However, our choice of Pf antigens
according to whether or not they possess protection-inducing epitopes
and from different Pf life stages allows biologically plausible as-
sociations to be evaluated. Moreover, our analysis included only
results from assays measured to a high degree of reliability, which
minimizes null associations generated by substantial measurement
error. We used both community- and hospital-based controls, which
may have introduced some biases.37 However, the finding of similar
associations in analyses restricted to community controls was re-
assuring. Although malaria positivity was evaluated by light micros-
copy at the time of the study, these results were not recorded
completely and cannot be included in the current analysis. Finally, the
samples had been stored for long periods. However, sample storage
period was comparable for cases and controls and the samples were
stored at270°C, which we believe preserved antibodies adequately.38

In conclusion, we report a positive association between eBL and
anti–HRP-IIIgG3 antibodies and a negative association between eBL
and anti-SE36IgG1 antibodies. Our results provide further support for
the hypothesis that recent malaria infection may be associated with
risk of eBL but long-term infection may be protective.
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