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Reviewers' comments: 

Reviewer #1 (Remarks to the Author): 

The authors present an HLA association study for Burkitt lymphoma in sub-Saharan African children. 

The sample size of cases and controls is large and SNP genotyping is well described. The HLA alleles 

were imputed from SNPs and targeted HLA genotyping was used to validate accuracy of this process. 

The results could benefit more information on linkage between HLA alleles and SNPs. The relationships 

between the HLA alleles, the HLA amino acid residues, and the SNPs could be much better described. 

I have the following comments on this manuscript: 

- Introduction - Provide some quantification of how much higher BL incidence is in SSA vs the rest of 

the world. 

- Introduction - Can you explain further why elevated anti-EBV antibodies would indicate poor EBV 

control? Wouldn't protective HLA Class II associations lead more readily to development of anti-EBV 

antibodies by presenting peptides to CD4+ T cells and providing help to B cells to make antibodies? 

HLA Class I responses would pre result in direct killing by CD8+ T cells. 

- Introduction - Indicate that the SBT typing of HLA alleles in the Kirimunda et al. study was "in a 

previous study". I didn't realize you weren't talking about the present until later. 

- Methods - Indicate the algorithm used to impute the HLA alleles from SNPs in the main text - looks 

like it was SNP2HLA, but that's indicated only in the figures? Why did you choose SNP2HLA instead of 

HIBAG? 

- Results - Page 12 - Lines 293-294. Can you provide linkage disequilibrium values between the DQA1, 

DQB1, and DRB1 alleles that had elevated risk based control haplotype data? What are the common 

haplotypes containing DQA1*04:01 in each population? Were there any Class II haplotypes that 

contained DQA1*04:01 besides DRB1*03:02-DQA1*04:01~DQB1*04:02 that were significant? 

Indicate the population frequency of DQA1*04 alleles that aren't DQA1*04:01. 

- Results Page 12 - Lines 305-307 - It seems unnecessary to test if haplotype association would hold 

up after conditioning on one of the alleles contained in the haplotype. There's almost no conceivable 

way the haplotype association would remain significant. Remove this result. 

- Results - Lines 317-322 - Please indicate if Gln53 is present in DQA1*04:01. If you test for 

associations of Gln53-containing DQA1 alleles excluding DQA1*04:01, do you find any signficant 

associations? What are the other frequent Gln53-containing DQA1 alleles in these populations? I'm 

looking for a reason to believe this is a useful independent finding. 

- Results - What is the LD between DQA1*04:01 and SNP rs2040406? Can you test if cases that have 

both variants are at even higher risk? 

- Results - rs2040406 is indicated as an eQTL for HLA-DQB1. Please tell us if the higher risk variant is 

associated with increased or decreased expression of HLA-DQB1. Can you also highlight this fact in the 

abstract? 

- Discussion - Can you describe in more detail what future mechanistic studies would aim to do next 

with this information? 

Minor issues: 

- Abstract - Typo - Line 94 - "HLA alleles wth frequency" should be "HLA alleles with frequency" 

- Abstract - Line 99 - "other allelic variant" should be "other amino acid variants". 

- Abstract - Typo - Line 101 - "singficaint" should be "significant" 

- Methods - Page 9 - Line 221 - "2-filed" should be "2-field" 

- Methods - Page 9 - Line 228 - "outlier principal component" should be "outlier principal components" 

- Methods - Page 9 - Link 237 - "wold be correlated" should be "would be correlated" 

- Results - Page 14 - Typing "if cance can be excluded" should be "if cancer can be excluded" 



- Supplementary Figure 4 - "B53:01" should be B*53:01. "since no 4-digit HLA alleles" should be 

"since there were no 4-digit HLA alleles". 

Reviewer #2 (Remarks to the Author): 

Liu et al., explored associations between HLA variants and the risk to develop Burkitt lymphoma in 

African population using a multi-center design. They reported independent associations at HLA-

DQA1*04:01, rs2040406 and the 53 amino acid position of HLA-DQA1 to be associated with BL. The 

statistical analyses are straightforward. Below are some concerns to address. 

1. Since the samples were genotyped with genome-wide arrays, are there any non-HLA loci associated 

with BL? 

2. The authors defined two statistical significance thresholds for HLA alleles and HLA variants using 

Bonferroni correction. Should a more conservative P value be used, like 5e-8 of GWAS significance? 

Moreover, the associations are not independently replicated, though it might be challenging to collect 

large BL samples for African population. This limitation should be least discussed in the discussion 

section. In addition, as there are different ways of P-adjustment, it would be clearer to the readers by 

indicating which P value was adjusted or not in the text and table. 

3. Serological EBNA1 antibodies are implicated with re-/activation of EBV and certain types of 

malignancy. Not all SNPs associated with anti-EBV VCA IgG antibodies in southwest Uganda were 

associated with BL in individuals of African ancestry. Any association with BL for the EBNA1-antibody-

related SNPs in other non-African population? It would be more informative to expand these in the 

result and discussion. 

4. It’s a bit confusing for the methods that the authors employed to gain insights about whether BL 

associated HLA alleles have effects on P. falciparum infection. First, the authors focused on analyses 

with control samples. The authors claimed no associations of HLA alleles with P. falciparum in controls 

(Fig S9 and S10), but the pathogen infection seems a protective factor for BL (35.3% in cases vs 

48.3% in controls). Moreover, it’s unclear why the infection was adjusted in the GLMMs reported in 

Table 2. Any associations remained significant in this joint model would indicate additional contributors 

to BL risk other than the infection. 

5. The author used “broad groupings of HLA alleles as common (allele frequency [AF] >5%) otherwise 

as rare to investigate global HLA associations with BL.” According to their QC procedure, which 

removed variants with MAFs lower than 1%, the “rare” category consisted of variants with MAFs 

between 1%-5%. With such a range of MAFs, the variants are unlikely considered as rare. 

6. Was the definition of HLA zygosity taking into account the frequencies of HLA alleles? 

7. Additionally, there are some typos in the manuscript, like “singficaint” in line 101 and “cance” in 

line 338.



Reviewers' comments:  
 
Reviewer #1 (Remarks to the Author):  
 
The authors present an HLA association study for Burkitt lymphoma in sub-Saharan African children. The 
sample size of cases and controls is large and SNP genotyping is well described. The HLA alleles were 
imputed from SNPs and targeted HLA genotyping was used to validate accuracy of this process. The 
results could benefit more information on linkage between HLA alleles and SNPs. The relationships 
between the HLA alleles, the HLA amino acid residues, and the SNPs could be much better described.  
 
I have the following comments on this manuscript:  
 
- Introduction - Provide some quantification of how much higher BL incidence is in SSA vs the rest of the 
world.  

RESPONSE: We thank the reviewer for their comments. As suggested by the reviewer, the BL incidence 
information has been added to the Introduction section in the 1st paragraph on page 4, which is shown 
below: 

“BL incidence varies 3- to 5-fold within and across continents, but the highest incidence is recorded in 
children in sub-Saharan Africa (SSA, 2-4 per 100,000 person-years [ref. #3-#4]), where it is approximately 
10-fold higher than the incidence in the United States or Europe [ref. #1 and #5].” 

- Introduction - Can you explain further why elevated anti-EBV antibodies would indicate poor EBV 
control? Wouldn't protective HLA Class II associations lead more readily to development of anti-EBV 
antibodies by presenting peptides to CD4+ T cells and providing help to B cells to make antibodies? HLA 
Class I responses would pre result in direct killing by CD8+ T cells.  

RESPONSE: We appreciate the reviewer’s insight on this issue. We agree that high antibody levels may 
not necessarily indicate poor EBV control, i.e., an inability to control EBV infection. High anti-EBV 
antibodies are usually interpreted as indicating exposure to a high EBV burden, where antibody levels 
correlate with current or cumulative viral burden (Maurmann S et al., 2003; Besson C et al., 2006). 
Because EBV infection involves latent infection, during which EBV remains silent in B cells, and lytic 
infection, when infected cells (B or epithelial cells) produce virions that are shed into circulation and 
saliva, recurrent lytic infection, such as occurs following recurrent malaria episodes (Lam KM et al., 
1991), is one mechanism that leads to exposure to a high viral burden in people who are otherwise able 
to control the infection. We agree with the reviewer that the immune response to EBV is modulated by 
CD4+ helper 2 (Th2) cells providing help to antibody producing B cells in generating anti-EBV antibodies 
[Kidd P, et al. 2003; Mosmann TR et al., 1989; Paul WE et al., 2010; Zhu J et al., 2008]. Thus, high anti-
EBV-antibodies may indicate a robust Th2 response to control EBV viral load and titers correlate with 
current or cumulative load (Maurmann S et al., 2003; Besson C et al., 2006). It is worth noting that a Th2-
type response might also be associated with tolerance of innocuous levels of antigenemia (Koyasu S et 
a;. 2011).  Conversely, a stronger Th1 response, involving CD8+ T helper cells involves direct killing, and is 
frequently associated with severe EBV symptomatic diseases, such as chronic active EBV infection or 
infectious mononucleosis (Liu M et al., 2023).  To clarify, we have revised the sentence in the 1st 
paragraph on page 4 as follows.  

“HLA variation has also been associated with EBV control, including HLA-A*02:01 [ref. #13] and HLA-
DQB1*02 [ref. #14] which are associated with elevated anti-EBV antibodies. HLA-A*02:01 is part of the 
HLA Class I system and may mediate direct killing of EBV-infected cells by modulating expression of CD8+ 



Th1-type immune response (ref. #15). Conversely, HLA-DQB1*02 is part of the HLA Class II system and 
may mediate EBV control by facilitating anti-EBV antibody secretion through the modulation of peptide 
presentation to CD4+ T cells and their Th-2 signaling to B cells, thereby promoting an antibody response 
(ref. #16, #17). Therefore, the reported HLA associations are compatible with control of immune 
response to EBV or malaria as potential mechanisms for influencing risk of BL.”  

Reference list:  
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2003 Dec;41(12):5419-28. doi: 10.1128/JCM.41.12.5419-5428.2003. PMID: 14662920; PMCID: 
PMC308959. 

Besson C, Amiel C, Le-Pendeven C, Brice P, Fermé C, Carde P, Hermine O, Raphael M, Abel L, Nicolas JC. 
Positive correlation between Epstein-Barr virus viral load and anti-viral capsid immunoglobulin G titers 
determined for Hodgkin's lymphoma patients and their relatives. J Clin Microbiol. 2006 Jan;44(1):47-50. 
doi: 10.1128/JCM.44.1.47-50.2006. PMID: 16390946; PMCID: PMC1351946. 
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Mosmann TR, Coffman RL. TH1 and TH2 cells: different patterns of lymphokine secretion lead to different 
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PMID: 2523712. 
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Apr;10(4):225-35. doi: 10.1038/nri2735. PMID: 20336151; PMCID: PMC3496776. 

Zhu J, Paul WE. CD4 T cells: fates, functions, and faults. Blood. 2008 Sep 1;112(5):1557-69. doi: 
10.1182/blood-2008-05-078154. PMID: 18725574; PMCID: PMC2518872. 

Koyasu S, Moro K. Type 2 innate immune responses and the natural helper cell. Immunology. 2011 
Apr;132(4):475-81. doi: 10.1111/j.1365-2567.2011.03413.x. Epub 2011 Feb 16. PMID: 21323663; PMCID: 
PMC3075501. 

Liu M, Wang R, Xie Z. T cell-mediated immunity during Epstein-Barr virus infections in children. Infect 
Genet Evol. 2023 Aug;112:105443. doi: 10.1016/j.meegid.2023.105443. Epub 2023 May 16. PMID: 
37201619. 

- Introduction - Indicate that the SBT typing of HLA alleles in the Kirimunda et al. study was "in a previous 
study". I didn't realize you weren't talking about the present until later.  

RESPONSE: We thank the reviewer for pointing out the confusing way we introduced the SBT study 
Kirimunda et al. We have revised the sentence accordingly on page 5 as follows. 

“Only one study, which was conducted by our group previously, has used sequence-based typing (SBT) 
(ref. #23) to obtain accurate high-resolution data (≥2 fields) in 600 participants (including 200 with BL) in 
the Epidemiology of Burkitt Lymphoma in East African Children and Minors (EMBLEM) study in Uganda. 
(ref. #24)” 



- Methods - Indicate the algorithm used to impute the HLA alleles from SNPs in the main text - looks like 
it was SNP2HLA, but that's indicated only in the figures? Why did you choose SNP2HLA instead of 
HIBAG?  

RESPONSE: We thank the reviewer for this comment and acknowledge that our original text did not 

make it clear that we used Minimac4 on the Michigan Imputation Server (MIS) for HLA imputation. We 

have revised our manuscript for clarity.  

We recognize that there are several programs available for HLA imputation, all with similar performance 

levels. We note that the key factor influencing imputation accuracy is the HLA reference panel itself 

[https://doi.org/10.1371/journal.pone.0291437]. The inclusion of individuals from the same populations 

of interest in the reference panel is crucial for imputation performance. To ensure a comprehensive 

reference, we opted for a multi-ancestry reference panel consisting of 21,546 unrelated global 

individuals, including 7,849 individuals with African genetic ancestry. To our knowledge, this panel is the 

largest panel that covers global and African populations to date. This panel is publicly available on the 

MIS, but not released as pre-fit classifier, as required in HIBAG imputations. We are therefore unable to 

use and benchmark HIGBAG in our study. 

We improved our description of HLA imputation in the revised manuscript: 

“We performed HLA imputation using Minimac4 (ref. #30) on the Michigan Imputation Server (MIS) with 
a multi-ancestry reference panel which contains data from 21,546 unrelated individuals (ref. #26). We 
applied the default quality control procedures of the MIS pipeline. We imputed eight classical HLA genes 

HLA‐A, B, C and HLA‐DRB1, DQA1, DQB1, DPA1, and DPB1, and amino acids and intergenic variants 
using genotypes extracted from chr6:25Mb-35Mb (hg19/GRCh37; n=49,159 SNPs) for the 4,645 
participants.” 

- Results - Page 12 - Lines 293-294. Can you provide linkage disequilibrium values between the DQA1, 
DQB1, and DRB1 alleles that had elevated risk based control haplotype data? What are the common 
haplotypes containing DQA1*04:01 in each population? Were there any Class II haplotypes that 
contained DQA1*04:01 besides DRB1*03:02-DQA1*04:01~DQB1*04:02 that were significant? Indicate 
the population frequency of DQA1*04 alleles that aren't DQA1*04:01.  

RESPONSE: We appreciate the request from the reviewer. The linkage and haplotype patterns were 
previously included in Supplementary Figure 6.  

We used a threshold of 1% to analyze haplotypes. There were only two haplotypes that met this 
threshold, namely, DRB1*03:02-DQA1*04:01-DQB1*04:02 and DRB1*08:04-DQB1*03:01-DQA1*04:01, 
with a frequency of 7% and 1%, respectively. DRB1*08:04-DQB1*03:01-DQA1*04:01 was not associated 
with BL (OR=1.44, 95%CI=0.82-2.51; p=0.200). We have revised the manuscript accordingly.  

Similarly, only one other DQA1*04 allele other than DQA1*04:01 was observed, namely, HLA-
DQA1*04:03N, but it was rare (0.04%) and was filtered based on our threshold for analysis. Our changes 
to the main text are shown below.  

“For example, HLA haplotype DRB1*08:04-DQB1*03:01-DQA1*04:01 was more frequent in Ghana (5%; 
45/923) compared to East Africa (1%; 32/4645). This haplotype was not associated with BL risk (OR=1.44, 
95% CI=0.82-2.51; p=0.200), whereas DRB1*03:02- DQB1*04:02-DQA1*04:01, which was also more 
frequent in Ghana (10.0%), was associated with elevated BL risk (OR =1.58, 95% CI=1.25-1.99; 
P=1.08×10-4) (Table 2)” 



- Results Page 12 - Lines 305-307 - It seems unnecessary to test if haplotype association would hold up 
after conditioning on one of the alleles contained in the haplotype. There's almost no conceivable way 
the haplotype association would remain significant. Remove this result.  

RESPONSE: We appreciate the reviewer’s advice. We have deleted the results after conditioning because 
they are redundant.  

- Results - Lines 317-322 - Please indicate if Gln53 is present in DQA1*04:01. If you test for associations 
of Gln53-containing DQA1 alleles excluding DQA1*04:01, do you find any signficant associations? What 
are the other frequent Gln53-containing DQA1 alleles in these populations? I'm looking for a reason to 
believe this is a useful independent finding.  

RESPONSE: We appreciate the reviewer’s probe into whether Gln53 is an independent finding. Gln53 is 
contained in DQA1*05:01 as well and shows an association with BL (OR=1.17, p=0.027). While the 
statistical independence of this association is uncertain, considering a type-1 error, the association is of 
BL with Gln53 is observed both with DQA1*04:01 allele and DQA1*05:01, which consistent with possible 
biological effect. Because reporting of results should balance both type-1 errors and type-2 errors, we 
believe the Gln53 result is worth reporting so that future studies can confirm or refute the result.  

- Results - What is the LD between DQA1*04:01 and SNP rs2040406? Can you test if cases that have both 
variants are at even higher risk?  

RESPONSE: The LD between HLA-DQA1*04:01 and SNP rs2040406 was 0.225. The proportion of cases 
homozygous for both DQA1*04:01 and rs2040406(GG) was 1.3% and it was 0.68% in the controls. 
Compared with those not carrying both alleles, those homozygous for both had an OR of 2.66 
(95%CI=1.19-5.95; P=0.017). We have revised the manuscript accordingly in the 1st paragraph on Page 
14, as shown below:  

“Finally, we examined the combined effect of the presence of two risk alleles. Although homozygosity for 
both HLA-DQA1*04:01 and SNP rs2040406 (with LD R2=0.225) was low (1.3% in the cases and 0.68% in 
the controls), children who were homozygous for both had a higher risk for BL (OR=2.66, 95%CI=1.19-
5.95; P=0.017) versus those not carrying either allele.” 

- Results - rs2040406 is indicated as an eQTL for HLA-DQB1. Please tell us if the higher risk variant is 
associated with increased or decreased expression of HLA-DQB1. Can you also highlight this fact in the 
abstract?  

RESPONSE: As shown in Supplementary Figure 11, the BL risk allele rs2040406-G is associated with 
decreased expression of HLA-DQB1. Based on the dogma Th2 response dogma discussed above (please 
refer to response to question #2), it is possible that decreased expression results in decreased 
presentation of EBV peptides to CD4+ T cells leading to inability to suppress EBV viral load and 
consequently elevated BL risk as observed. We have highlighted this result in the Abstract following the 
reviewer’s suggestion. The revision is as shown below.  

“The higher risk rs2040406(G) variant for BL is associated with decreased HLA-DQB1 expression in eQTLs 
in EBV transformed lymphocytes.” 

- Discussion - Can you describe in more detail what future mechanistic studies would aim to do next with 
this information?  

RESPONSE: We appreciate the opportunity to suggest hypotheses that can be tested in mechanistic 
studies. Our findings point to immune-genetic mechanisms in the etiology of BL that we posit act by 



impairing control of EBV viral activity, thereby permitting oncogenic effects of EBV to influence BL 
development.  Functional studies of cytokines to measure expression of cytokines classically associated 
with Th1 (FN-γ) or Th2 (IL-10) or Treg (IL-17) phenotype and CD4+ and CD8+ T cell effector memory 
subsets specific to selected EBV proteins to assess responses by HLA status (HLA*DQA1*04:01) in cases 
and controls (Szabo SJ et al., 2003). While previous studies have focused on EBNA1, we would propose 
future research use a larger panel of EBV proteins, including 33 EBV proteins, including the  viral capsid 
antigens (VCAp18, -p23, -p40, -p160) that show differential antibody reactivity in BL cases compared to 
controls and include four-marker immune signature BHRF1 (Bcl-2 homolog), BMRF1 (EAp47), BBLF1 
(tegument protein), and BZLF1 (ZTA) that most accurately classified BL status (Coghill AE et al., 2020). 

Reference list:  

Szabo SJ, Sullivan BM, Peng SL, Glimcher LH. Molecular mechanisms regulating Th1 immune responses. 
Annu Rev Immunol. 2003;21:713-58. doi: 10.1146/annurev.immunol.21.120601.140942. Epub 2001 Dec 
19. PMID: 12500979. 

Coghill AE, Proietti C, Liu Z, Krause L, Bethony J, Prokunina-Olsson L, Obajemu A, Nkrumah F, Biggar RJ, 
Bhatia K, Hildesheim A, Doolan DL, Mbulaiteye SM. The Association between the Comprehensive 
Epstein-Barr Virus Serologic Profile and Endemic Burkitt Lymphoma. Cancer Epidemiol Biomarkers Prev. 
2020 Jan;29(1):57-62. doi: 10.1158/1055-9965.EPI-19-0551. Epub 2019 Oct 16. PMID: 31619404; PMCID: 
PMC6954331. 

We have added this information in the Discussion section on Page 16, as follows:  

“The results also suggest immune-genetic mechanisms in the etiology of BL that can be investigated by 
experimental methods, particularly with regard to the control of EBV infection as a critical factor 
affecting risk of BL. These include functional studies of expression of cytokines associated with Th1 (IFN-
γ), Th2 (IL-10), or Treg (IL-17) phenotypes (ref. #49), or the assessment of CD4+ and CD8+ T cell effector 
memory subsets targeting selected EBV proteins according to HLA type (HLA-DQA1*04:01 versus not). 
While previous studies have primarily centered on EBNA1 (ref. #50), future research could be expanded 
to employ broader panels of EBV proteins, including the 33 EBV proteins, such as the viral capsid 
antigens (VCAp18, -p23, -p40, -p160), which showed to be differentially reactive in BL cases compared to 
controls. The studies could also use a smaller set of peptides, such as the four-marker immune panel, 
including BHRF1 (Bcl-2 homolog), BMRF1 (EAp47), BBLF1 (tegument protein), and BZLF1 (ZTA), whose 
reactivity most accurately classified BL status in patients in Ghana. (ref. #51)” 

 
Minor issues:  
- Abstract - Typo - Line 94 - "HLA alleles wth frequency" should be "HLA alleles with frequency"  
- Abstract - Line 99 - "other allelic variant" should be "other amino acid variants".  
- Abstract - Typo - Line 101 - "singficaint" should be "significant"  
- Methods - Page 9 - Line 221 - "2-filed" should be "2-field"  
- Methods - Page 9 - Line 228 - "outlier principal component" should be "outlier principal components"  
- Methods - Page 9 - Link 237 - "wold be correlated" should be "would be correlated"  
- Results - Page 14 - Typing "if cance can be excluded" should be "if cancer can be excluded"  
- Supplementary Figure 4 - "B53:01" should be B*53:01. "since no 4-digit HLA alleles" should be "since 
there were no 4-digit HLA alleles".  

RESPONSE: We thank the reviewer for taking the time to review our work and helping correct those 
typos. These issues have been addressed in the revised version. We have also carefully proofread our 
manuscript and corrected other typos. 



 
Reviewer #2 (Remarks to the Author):  
 
Liu et al., explored associations between HLA variants and the risk to develop Burkitt lymphoma in 
African population using a multi-center design. They reported independent associations at HLA-
DQA1*04:01, rs2040406 and the 53 amino acid position of HLA-DQA1 to be associated with BL. The 
statistical analyses are straightforward. Below are some concerns to address.  
1. Since the samples were genotyped with genome-wide arrays, are there any non-HLA loci associated 
with BL?  

RESPONSE: We appreciate the reviewer’s question. There are non-HLA loci that are associated with BL in 
the two analyses that have been conducted. The first analysis focused on loci associated with malaria 
resistance based on prior data indicating that malaria is associated with BL. In those (a priori-based 
analyses), BL was inversely associated with two loci, rs334, which is linked to sickle cell status, and 
rs8176703, which is linked to blood group O (Blood (2022) 140 (Supplement 1): 9314–9316. 
https://doi.org/10.1182/blood-2022-170410). Because those analyses were done contemporaneously 
with the HLA analysis, we controlled for those alleles in our current study. The second set of analyses is 
agnostic using GWAS methods. Two loci in Chr 21q and Chr 6q were significantly associated with BL.  
These results are still preliminary and additional studies are being conducted to verify them and will be 
reported in a separate report.  

2. The authors defined two statistical significance thresholds for HLA alleles and HLA variants using 
Bonferroni correction. Should a more conservative P value be used, like 5e-8 of GWAS significance? 
Moreover, the associations are not independently replicated, though it might be challenging to collect 
large BL samples for African population. This limitation should be least discussed in the discussion 
section. In addition, as there are different ways of P-adjustment, it would be clearer to the readers by 
indicating which P value was adjusted or not in the text and table.  

RESPONSE: We thank the reviewer for these observations. Indeed, we applied two different P-value 
thresholds to assess statistical significance. We used a nominal threshold of p<0.05 for a small set of HLA 
alleles that have been previously linked to malaria, EBV, or BL based on the assumption that those alleles 
would affect BL risk via pathways linked to malaria or EBV, or that our results would replicate the prior 
associations with BL.  For the rest of the alleles, we use a Bonferroni correction based on the actual 
number of tests that were performed.  We considered, as the reviewer suggests, using more 
conservative P value, like 5×10-8 of GWAS significance, but such an approach ignores the wealth of 
knowledge already known about the etiology of BL, namely association with malaria, EBV, or BL.  Such a 
conservative approach would increase the type-II error, while we agree that our approach appears to 
increase the type-1 error.  

We have revised the manuscript in the Statistical analysis section on Page 9 and result tables to 
accurately report the P-value thresholds used for each result and why. We also have updated the 
discussion to explicitly state the limitations of our approach in the Discussion section on Page 17, as 
follows:  

“While a more conservative P value of GWAS significance (e.g., 5×10-8) may be considered more rigorous, 
it was not preferred for the current analysis because we wanted to test hypotheses based on prior 
epidemiological and biological data about HLA associations with malaria (ref. #11) or EBV (ref. #34), or 
with BL. (ref. #24)”  

https://doi.org/10.1182/blood-2022-170410


“We did not use a GWAS significance threshold (e.g., 5×10-8), which is conservative for some of our 
exploratory hypotheses.” 

We acknowledge the reviewer’s point that external replication is also crucial. Nevertheless, obtaining 
large case and control samples for African populations poses significant challenges. This information has 
been addressed in the Discussion section on Page 17, as shown below. 

“Larger studies with more broad sampling across different countries in SSA are needed to confirm or 
refute our findings. Such studies may improve the capacity to investigate HLA in SSA, increase clarity of 
associations, and identify generalizable results.” 

3. Serological EBNA1 antibodies are implicated with re-/activation of EBV and certain types of 
malignancy. Not all SNPs associated with anti-EBV VCA IgG antibodies in southwest Uganda were 
associated with BL in individuals of African ancestry. Any association with BL for the EBNA1-antibody-
related SNPs in other non-African population? It would be more informative to expand these in the 
result and discussion.  

RESPONSE: We appreciate the reviewer’s insights. Indeed, we are interested in linking our genetic 
findings with EBV antibody patterns. The discrepancies noted by the reviewer could be attributed to 
several factors, including differences in ancestry in the population in Uganda where the EBV study versus 
the populations where the BL study was done. The Ugandan population, while being African, is much 
less diverse than the populations contributing to the BL study. It is also possible that non-EBV-related 
factors, such as malaria or nutrition, might confound these associations. Finally, the results might be 
limited by power to detect significant findings. The reviewer also raises an interesting question: whether 
SNPS associated with EBNA1-antibody in non-African population might be used as priors for association 
with BL. A major concern about this hypothesis is the differences in EBV epidemiology in African 
(infection during infancy: Piriou E et al., 2012 and usually asymptomatic: Biggar RJ et al. 1978) versus in 
non-African populations (where more than half of infections occur in young adults [Brodsky AL et al., 
1972; Sawyer RN et al., 1971] and is usually asymptomatic), which complicates interpretation of SNP 
association with EBV in different environments. A second concern is population variation of the 
identified SNPs across populations. For example, of four SNPs linked with anti-EBNA1-antibody titers in 
non-African populations (rs2516049 and rs9269233 in Europeans (Zhou Y et al., 2016; Kachuri L et al., 
2020), rs477515 and rs2854275 in Mexican American (Rubicz R et al., 2013), one rs9269233 did not 
show variation in our population, while the other three were unrelated to BL in our study (all p 
values>0.05). Overall, our data are sufficient to raise the question about SNPs whose effects may be 
mediated by EBV control but inadequate to fully identify and elucidate their effects.  
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We have revised the manuscript on the 1st paragraph on Page 13, which is shown below. 

“We found no association between BL with three GWAS SNPs (all p values > 0.05) that were previously 
associated with higher anti-EBV EBNA1 IgG antibodies in Europeans (rs2516049) [ref. #38] and Mexican 
Americans (rs477515 and rs2854275 [ref. #39]) … ” 

4. It’s a bit confusing for the methods that the authors employed to gain insights about whether BL 
associated HLA alleles have effects on P. falciparum infection. First, the authors focused on analyses with 
control samples. The authors claimed no associations of HLA alleles with P. falciparum in controls (Fig S9 
and S10), but the pathogen infection seems a protective factor for BL (35.3% in cases vs 48.3% in 
controls). Moreover, it’s unclear why the infection was adjusted in the GLMMs reported in Table 2. Any 
associations remained significant in this joint model would indicate additional contributors to BL risk 
other than the infection.  

RESPONSE: We thank the reviewer for this question. While it is widely accepted that exposure to P. 
falciparum is the strongest geographical cofactor for BL providing a more consistent explanation for 
geographic variation in BL incidence in Africa (Rainey JJ et al. 2007), it was not clear whether BL risk was 
related to acute malaria or infection including that without symptoms.  Our epidemiological studies have 
indicated that BL risk is associated with asymptomatic infection (Redmond LS et al., 2020) and that BL 
cases seem to have robust control of parasitemia that is present before and persists after BL onset, 
based on reports of lower frequency of fever due to malaria in the past 6 months, lower frequency of 
detected infection either by microscopy (which measures current infection) or antigenemia (which 
measures recent infection in the past 4 weeks) (Peprah S et al., 2020).  Moreover, we recently showed 
that BL risk increases by 39% per hundred additional infections and that BL risk is a function of 
cumulative rather than recent cross-sectional exposure (Broen K et al., 2023), which is normally well 
controlled. Our conceptual approach to analysis therefore considered P. falciparum malaria as the 
biggest factor that must be assessed carefully. Our analysis focused on HLA alleles previously linked to 
malaria and used an agnostic approach to search for any other alleles that may be relevant to P. 
falciparum infection in the controls.  Although these analyses were uninformative, we still considered P. 
falciparum as a confounder as well and included it in the models to assess such that any associations 



remained significant in this joint model would indicate additional contributors to BL risk other than the 
infection. 
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We have revised the manuscript to make our reasoning clearer:  

“P. falciparum is the strongest known co-factor for the geographic patterns of BL [ref. #25, #31, #32, #33], 
Thus, it was considered a-priori, as a risk factor and a confounder and included in our main models. 
When interpreted as a confounder, any associations with HLA alleles that remain significant indicates 
that additional contribution of P. falciparum was not responsible for the observed associations with HLA 
alleles.” 

5. The author used “broad groupings of HLA alleles as common (allele frequency [AF] >5%) otherwise as 
rare to investigate global HLA associations with BL.” According to their QC procedure, which removed 
variants with MAFs lower than 1%, the “rare” category consisted of variants with MAFs between 1%-5%. 
With such a range of MAFs, the variants are unlikely considered as rare.  

RESPONSE: We appreciate the reviewer’s feedback. We excluded variants that were <1% because of 
concerns about the sensitivity of Imputation for rare variants. We understand that “rare” has a specific 
meaning in genetics, so we agree that our usage of “rare” might be confusing. We have revised our 
manuscript to define the two categories of HLA allele frequency as common if their frequency was >5% 
and not common when the frequency was <5%. The revision is as shown below: 

“Finally, we defined HLA allele groups as common, when the allele frequency [AF] >5%, otherwise as not 
common when the allele frequency was 1%-5%. Alleles with <1% of the participants were not included in 
this analysis.” 



6. Was the definition of HLA zygosity taking into account the frequencies of HLA alleles?  

RESPONSE: The HLA zygosity analysis included all HLA alleles at 2-field resolution regardless of their 
frequency. This information has been added to the 3rd paragraph on Page 10, as shown below.  

“Second, we investigated associations between BL and HLA zygosity at six HLA loci (HLA‐A, B, C and 

HLA‐DRB1, DQB1, and DPB1). This approach was selected to reduce potential selection bias, as it could 
arise from excluding individuals carrying rare HLA alleles, particularly given their higher likelihood of 
being heterozygotes.”  

7. Additionally, there are some typos in the manuscript, like “singficaint” in line 101 and “cance” in line 
338.  

RESPONSE: We are sorry for not carefully proof-reading the manuscript. We have done this in the revised 
version. 

 

 



REVIEWERS' COMMENTS: 

Reviewer #1 (Remarks to the Author): 

The authors made a great effort in responding to the comments, providing careful edits, and including 

more details on the immunobiology of this disease in the manuscript. Very exciting work. 

I found just a couple typos: 

- Last sentence of intro needs a space between "rs2040406(G)" and "with". 

- On Page 15 - "The 3D structure of HLA-DQA1 chain suggest that Gln 53 is located with a peptide 

binding groove, therefore this change may be functional" should be "The 3D structure of the HLA-

DQA1 chain suggests that Gln 53 is located within the peptide binding groove of HLA-DQ molecules, 

and may have functional impact on specificity of peptide binding and/or TCR contacts". 

Reviewer #2 (Remarks to the Author): 

All previous concerns have been fully addressed.
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