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a b s t r a c t 

Objectives: Lymphatic filariasis (LF) represents a parasitic disease caused by filarial nematodes. Although 

some infected individuals present an asymptomatic course, others suffer severe chronic lymphatic pathol- 

ogy, including lymphedema, hydrocele, and elephantiasis. Several studies have shown that host genetic 

factors influence LF susceptibility and chronic pathology. The current study aimed to conduct the first 

genome-wide association study to systematically determine LF susceptibility. 

Methods: We analyzed genome-wide single-nucleotide polymorphism data from 1459 LF cases and 1492 

asymptomatic controls of West African (Ghanaian) descent. 

Results: We identified two independent genome-wide significant associated genetic variants near the 

genes HLA-DQB2 (rs7742085) and HLA-DQA1 (rs4959107) contributing to LF and/or lymphedema suscep- 

tibility ( P < 5.0 × 10 −8 , odds ratios [ORs] > 1.30). We also observed suggestive evidence of LF associations 

( P < 1.0 × 10 −6 ) at two non-HLA loci, near the genes ZFHX4-AS1 (rs79562145) and CHP2 (rs12933387). In 

contrast, we could not replicate any previously reported LF associations drawn from candidate gene as- 

sociation studies. On the polygenic level, we show that our genome-wide association study data explain 

24-42% of LF heritability, depending on an assumed population prevalence of 0.5-5.0%. 

Conclusion: Our findings point to an involvement of HLA-mediated immune mechanisms in LF patho- 

physiology. 

© 2023 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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Lymphatic filariasis (LF) is a debilitating infectious disease 

aused by nematode parasites transmitted through mosquitoes. 

hree filarial nematode species are disease-causing, namely 

ucheria bancrofti, Brugeria timori, and Brugeria malayi [1–3] . The 

osquito deposits the infective larval stage of the parasite on hu- 
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an skin, where they migrate to the lymphatic system, result- 

ng in significant lymphatic damage. The disease is endemic, with 

n estimated 59 million infections, in tropical and subtropical re- 

ions, including the sub-Saharan African region [4] . The parasitic 

nfections are a major health concern and affected individuals re- 

pond differently. Although the majority show an asymptomatic 

ourse, a proportion of the infected present with LF characterized 

y lymphedema (LE), hydrocele (HYD), and elephantiasis. The cur- 

ent treatment is limited to antifilarial drugs and management of 

orbidity [5] . LF tends to aggregate in families, independent of 
ty for Infectious Diseases. This is an open access article under the CC BY-NC-ND 

https://doi.org/10.1016/j.ijid.2023.04.408
http://www.ScienceDirect.com
http://www.elsevier.com/locate/ijid
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijid.2023.04.408&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:johannes.schumacher@uni-marburg.de
https://doi.org/10.1016/j.ijid.2023.04.408
http://creativecommons.org/licenses/by-nc-nd/4.0/


S. Grover, V.S. Opoku, L.B. Debrah et al. International Journal of Infectious Diseases 133 (2023) 1–4 

h

t

a

c

w

a

e

n

w

d

i

c

n

T

g

M

S

a

i

t

t

H

s

i

G

p

a

p

F

O

/

o

o

A

d

s

t

o

p

(

m

e

F

p

(

(

s

a

l

u

t

R

A

s

p

a

o

w

[

s

a

(  

(

m

g

m

a

a

w

O

s

(

5

t

e

s

L

(

c

t

s

s

a

s

c

s

3

T

S

b

B

ousehold and environment, suggesting a role of host genetic fac- 

ors in response to infection [6] . 

To date, all genetic studies on LF have used a candidate gene 

pproach based on prespecified hypotheses in a small number of 

ases and controls. Supplementary Table 1 lists all studies that 

ere performed on at least 100 patients with LF. Although some 

ssociations were found in these studies, it is unclear to what 

xtent they represent true-positive findings because of the small 

umbers of included cases. The objectives of the current study 

as to overcome the limitations of previous studies. First, we con- 

ucted a genome-wide association study (GWAS) of susceptibil- 

ty to LF in a sizable Ghanaian population comprising 1459 LF 

ases and 1492 controls. Second, we aimed to estimate the single- 

ucleotide polymorphism (SNP)-based genetic heritability of LF. 

hird, we aimed to replicate the previously reported candidate 

ene-based LF associations. 

ethods 

tudy participants 

A total of 1459 cases with LF (961 females, 498 males) and 1492 

symptomatic controls (843 females, 649 males) who have been 

nfected by nematode parasites were enrolled in the study. All par- 

icipants were of Ghanaian ancestry. The cases included 1166 pa- 

ients with LE (961 females, 205 males), 278 male patients with 

YD, and 15 male patients with both LE and HYD. The recruitment 

cheme and clinical characteristics of all participants are provided 

n detail in the Supplementary Methods. 

enotyping, quality control, and imputation 

The genotyping was performed using Illumina HumanOmniEx- 

ress BeadChip. Standardized quality control (QC) measures were 

pplied to the genotyped data [7] . Multidimensional scaling com- 

onents were used to identify ancestral outliers (Supplementary 

igure 1). All post-QC genotypes were imputed using the Trans- 

mics in Precision Medicine (TOPMed) Imputation server ( https: 

/imputation.biodatacatalyst.nhlbi.nih.gov/start.html# ). The details 

n QC and imputation are provided in the Supplementary Meth- 

ds. 

ssociation analysis and heritability 

The GWAS of imputed dosages with LF as the outcome was con- 

ucted using an additive logistic regression model, adjusting for 

ex and multidimensional scaling components 1-10. The details on 

he association testing are provided in the Supplementary Meth- 

ds. In addition, we used the restricted maximum likelihood ap- 

roach implemented in the genome-wide complex trait analysis 

 https://yanglab.westlake.edu.cn/software/gcta/#Overview ) to esti- 

ate the LF heritability in unrelated individuals, assuming a dis- 

ase prevalence of 0.5, 1.0, 2.0, and 5.0% [4] . 
able 1 

uggestive and genome wide significantly associated SNPs contributing to LF susceptibilit

Genomic 

locus 

SNP Chr. Position 

(bp, hg19) 

Function Nearest 

gene 

Effect 

allele 

1 rs9269041 6 32438243 ncRNA_intronic HLA-DRB9 G 

1 rs9274724 6 32637531 Intergenic HLA-DQB1 A 

1 rs7742085 6 32746178 Intergenic HLA-DQB2 G 

2 rs79562145 8 77576245 ncRNA_intronic ZFHX4-AS1 A 

3 rs12933387 16 23751216 Intergenic CHP2 G 

p, base pairs; Chr., chromosomes; HLA, human leukocyte antigen; ncRNA, non-coding RN

old = genomewide significantly associated at conventional P < 5E-08; All other rows = s

2 
unctional annotation 

Functional annotation was carried out using functional map- 

ing and annotation functions, namely SNP2GENE and GENE2FUNC 

 https://fuma.ctglab.nl/ ). We used the genotype tissue expression 

GTEx) database ( https://gtexportal.org/home ) to correlate the as- 

ociated LF genetic variants with gene expression data. Finally, we 

ssessed the pleiotropic effect of the most significantly associated 

ocus and performed a phenome-wide association study (PheWAS) 

sing the GWAS atlas ( https://atlas.ctglab.nl ). Details on all func- 

ional analyses are presented in the Supplementary Methods. 

esults 

ssociation analysis and heritability 

The imputation resulted in a final dataset of 5,592,510 auto- 

omal SNPs. The QQ plot showed no inflation ( λ = 1.03) (Sup- 

lementary Figure 2). We identified one genome-wide significant 

ssociated risk variant (Supplementary Figure 3). SNP rs7742085 

n chromosome 6p21 near the gene HLA-DQB2 was LF-associated, 

ith P = 1.42 × 10 −9 (odds ratio [OR] = 1.43; confidence interval 

CI] 1.27-1.60) ( Table 1 ). The regional association plot for rs7742085 

howed no linkage disequilibrium (r 2 > 0.8) with any nearby vari- 

nts ( Figure 1 ). Moreover, we found suggestive LF associations 

 P < 1 × 10 −6 ) at two independent loci near the genes ZFHX4-AS1

rs79562145) and CHP2 (rs12933387) ( Table 1 ). Heritability, esti- 

ated from individual-level GWAS data, suggested that common 

enetic variants account for 24-42% of the LF heritability (Supple- 

entary Table 1). 

We next performed the subtype analyses using LE and HYD 

s the outcomes, which are presented in Supplementary Figure 4 

nd Supplementary Table 2. SNP rs7742085 on chromosome 6p21 

as also genome wide significantly LE-associated ( P = 1.91 × 10 −8 , 

R = 1.44 [CI 1.27-1.64]). However, a second variant at the 

ame locus, rs4959107, showed an even stronger LE association 

 P = 1.10 × 10 −8 , OR = 1.46 [CI 1.28-1.66]) (Supplementary Figure 

). This variant is located near the gene HLA-DQA1 and 154 kb dis- 

ant from rs7742085. Because both variants show no linkage dis- 

quilibrium in our study population (r 2 = 0.070), the association 

ignals seem to be independent. Accordingly, rs7742085 showed an 

E association of P = 2.50 × 10 −5 after conditioning on rs4959107 

and vice versa , rs4959107 showed a P -value of 1.36 × 10 −5 after 

onditioning on rs7742085) (data not shown). In contrast, the sub- 

ype analysis using HYD as the outcome revealed no genome-wide 

ignificant association signal, which is most probably due to the 

maller number of HYD cases than LE cases (278 vs 1166 individu- 

ls). However, whereas HYD seems to contribute to the association 

ignal of rs7742085 ( P = 0.143, OR = 1.22 [CI 0.94-1.58]), the asso- 

iation signal of rs4959107 appears to be HYD-independent or LE- 

pecific ( P = 0.899, OR = 1.02 [CI 0.80-1.29]). Supplementary Table 

 provides an overview of both genome-wide significant associated 
y in the Ghanaian population. 

Other 

allele 

Effect 

allele 

frequency 

Odds ratio (95% 

confidence 

interval) 

Regression 

coefficient 

( β) 

Standard 

error of 

β

P -value 

A 0.267 0.73 (0.65-0.82) -0.313 0.060 1.99E-07 

G 0.432 0.77 (0.70-0.86) -0.259 0.053 9.89E-07 

T 0.268 1.43 (1.27-1.60) 0.357 0.059 1.42E-09 

G 0.205 1.39 (1.22-1.58) 0.331 0.066 4.59E-07 

A 0.319 0.74 (0.66-0.83) -0.301 0.057 1.71E-07 

A; SNP, single-nucleotide polymorphism. 

uggestive associated at P < 1E-6. 

https://imputation.biodatacatalyst.nhlbi.nih.gov/start.html#
https://yanglab.westlake.edu.cn/software/gcta/#Overview
https://fuma.ctglab.nl/
https://gtexportal.org/home
https://atlas.ctglab.nl
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Figure 1. Regional association plot for LF at the HLA region in the Ghanaian population. 

The plot shows a 400 kb window centered on the genomewide significantly associated LF SNP. The upper panel shows the significance of SNP associations with LF. The 

vertical lines represent the local recombination rate. The lower panel lists all genes in the region. 

Chr., chromosomes; HLA, human leukocyte antigen; LF, lymphatic filariasis; SNP, single-nucleotide polymorphism. 
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NPs within the human leukocyte antigen (HLA) region in LF, LE, 

nd HYD. 

dentification and replication of previously reported loci 

A systematic literature search yielded six publications reporting 

 significant association of 11 genetic polymorphisms with LF in- 

ection (Supplementary Table 4). Among these, three were detected 

n our GWAS and none of them were LF-associated (Supplementary 

able 5). 

unctional annotation 

The MAGMA gene-based association analysis implicated two 

enes ( P < 2.65 × 10 −6 ) as disease-associated: HLA-DRA and BTNL2 

sing LF and LE as the outcomes (Supplementary Table 6). The 

AGMA gene set analysis further implicated 30 genes involved in 

re-mRNA binding in the pathogenesis of LE ( P Bonferroni = 0.035) 

Supplementary Table 7). The differentially expressed gene set 

DEG) analysis using GTEx did not show dysregulated gene sets 

cross any tissue subtype. However, the enrichment analysis for 

yoto encyclopedia of genes and genomes (KEGG) terms showed 

ntigen processing and presentation as the most significant path- 

ays for both LF and LE (Supplementary Figure 6). In contrast, 

he expression quantitative trait locus (eQTL) analysis using GTEx 

ata did not yield any association of the genome-wide signifi- 

antly associated LF or LE SNPs (rs7742085, rs4959107) with gene 

xpression. This is also the case for the suggestive associated LF 

isk SNPs (rs79562145, rs12933387), which showed no eQTL ef- 
3 
ects in the GTEx data. Furthermore, the PheWAS identified gas- 

rointestinal (celiac disease and primary sclerosing cholangitis), en- 

ocrine traits (type 1 diabetes), and connective tissue-related traits 

rheumatoid arthritis) as the most significantly associated traits at 

he HLA-DQB2/DQA1 locus (Supplementary Table 8, Supplementary 

igure 7). 

iscussion 

We observe two independent genome-wide significant associ- 

tions with susceptibility to LF and/or LE in the major histocom- 

atibility complex class II region, which are located near the genes 

LA-DQB2 (rs7742085) and HLA-DQA1 (rs4959107). Both genes en- 

ode for proteins that play an important role in presenting pep- 

ides derived from extracellular antigens to T-helper cells (CD4 + T 

ells), which, in turn, leads to the synthesis of specific antibodies 

y B cells [8] . According to its prominent role in immune-mediated 

rocesses, it is well known that genetic variants within the HLA re- 

ion, including HLA-DQB2 and HLA-DQA1 , play a major role in pre- 

isposition to various infectious diseases [9] . Accordingly, previous 

tudies have speculated on the involvement of HLA-mediated im- 

unity in LF development [10 , 11] . 

Although our GWAS revealed the first genome-wide significant 

F/LE associations, we were not able to study the associated region 

t a higher resolution. Accordingly, we could not impute specific 

LA alleles due to the absence of the HLA-DQB2/DQA1 locus in any 

ublicly available reference panels. Thus, HLA long-read sequencing 

ata in the Ghanaian population are now needed to identify the 
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[

[

[

[

LA alleles that represent the true LF/LE risk variants within this 

egion [12] . 

In addition, to the best of our knowledge, our GWAS provides 

he first genetic heritability estimate. Our data show that common 

enetic variants account for 24-42% of LF heritability. These data 

re higher than the heritability estimates based on circulating fi- 

arial antigens (CFAs). The detection of CFAs is considered as the 

old standard for LF diagnosis, and the heritability estimates for 

ucheria bancrofti CFAs was previously calculated to be 23% in the 

epublic of Congo [13] . 

In summary, to the best of our knowledge, this study repre- 

ents the first GWAS on LF using the largest case-control sample 

nalyzed thus far. Our findings point to an involvement of HLA- 

ediated immune processes in LF pathophysiology. Moreover, our 

ata show that LF has a polygenic risk architecture and provide the 

rst LF heritability estimate. 
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