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Abstract 
Introduction: Apolipoprotein L1 (APOL1) risk variants (G1, G2) are known to enhance the protective ability against human African 
trypanosomiasis (HAT), in addition to their role in kidney and cardiovascular disease. The effects of these variants on trypanosome infection 
could differ regionally owing to local adaptations of the host and pathogen. This study explored APOL1 risk variants distribution in HAT-
infected and non-infected populations from a rural Trypanosoma brucei gambiense (T. b. gambiense) endemic area in Central Africa. 
Methodology: We conducted a cross-sectional study with 124 participants in Masimanimba, a HAT-endemic region in the Democratic Republic 
of the Congo (DRC). Student’s and Pearson's Chi-square test or Fisher’s exact tests were used as appropriate. Statistical significance was set 
at p < 0.05, based on two-tailed test. 
Results: 71 participants (57%) were infected by Trypanosoma, 65 (52%) of whom were symptomatic and 6 (5%) asymptomatic. The overall 
frequency of risk alleles was 16.5% for G1 and 8.8% for G2. Neither variant was associated with the susceptibility to T. b. gambiense infection 
(for G1: 19.7% vs. 26.4 %; OR: 0.68 [95% CI: 0.29–1.62], p = 0.394; for G2: 11.3% vs. 13.2% 0.83 [0.27–2.58], p = 0.786). All of the G2 
variants were found in symptomatic patients  
Conclusions: APOL1 variants are common in populations living in T. b. gambiense endemic areas of the DRC. Neither variant was associated 
with susceptibility to T. b. gambiense. The G2 variant was the only one associated with symptomatic HAT. 
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Introduction 

African Americans (AA) carrying Apolipoprotein 
L1 (APOL1) G1 (rs73885319 - S342G, rs60910145 - 
I384M) or G2 (rs71785313 - D 388:389 NY) variants 
have been reported to exhibit an increased susceptibility 
to cardiovascular disease (CVD) and chronic kidney 
disease (CKD) compared to other ethnic groups [1–6]. 
In this regard, individuals who are homozygous (G1G1, 

G2G2) or heterozygous (G1G2) for the two APOL1 
alleles had an approximately 2–3 times increased risk 
of CVD and CKD compared to low-risk carriers (1 or 0 
allele) [7–9)]. In the United States, approximately 34% 
of AA carry at least one APOL1 variant, and 13% carry 
both the alleles [10–12], whereas only 0.3% and 0.1% 
of Caucasian Americans carry the G1 and G2 alleles, 
respectively. The APOL1 G1/G2 variants have been 
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identified in the sub-Saharan population with a 
remarkably high cumulative frequency of 22% and 13% 
respectively for G1 and G2, compared to the Caucasian 
populations (1%), and confer in vivo resistance to 
Trypanosoma brucei rhodesiense (T. b. rhodesiense) 
[1,13]. However, these variants confer susceptibility or 
resistance to human African trypanosomiasis (HAT), 
depending on the Trypanosoma species in endemic 
rural areas. Indeed, the G2 allele has been reported to 
reduce susceptibility to T. b rhodesiense infection and 
increase susceptibility to severe Trypanosoma brucei 
gambiense (T. b. gambiense) disease [14]. The G1 allele 
confers resistance against severe T. b. gambiense 
disease [14,15]. The protective or harmful effects of 
these variants depend on the pathogen, host, and 
environment in which the individual lives [8,14,15]. 
The Democratic Republic of the Congo (DRC) is one 
of the foci of T. b gambiense in the world; however, 
limited data are available on the epidemiology of 
APOL1 risk variants in HAT-endemic areas. The 
present study aimed to assess the association between 
APOL1 risk variants and susceptibility to T. b. 
gambiense infection, as well as the association between 
these variants and the T. b. gambiense disease 
outcomes.  

 
Methodology 
Study design and sampling 

This cross-sectional study was conducted in the 
HAT-endemic region of Masimanimba, DRC from 
April 2019 to August 2021. Participants were enrolled 
using a multi-stage sampling strategy in Masimanimba 
and Mosango, two health zones (HZ) with high HAT 
endemicity. Ten health areas were randomly selected, 
including 6 in the Masimanimba HZ and 4 in the 
Mosango HZ, and the inhabitants were identified. 
Participants aged ≥ 15 years, living in the study area for 
at least 1 year, who had benefited from HAT screening 
tests, and consented to participate, were included in the 
study. 

 
Clinical and paraclinical assessment 

Sociodemographic data (e.g., age, gender, and 
length of stay in the endemic area) were collected from 
all participants. HAT was diagnosed using the card 
agglutination test for trypanosomiasis (CATT). When 
the test was positive, the researchers looked for 
trypanosomes in aspirates of enlarged cervical lymph 
nodes. If the result was negative, CATT titration was 
performed. If the latter proved positive, trypanosomes 
were extracted from the venous blood using enrichment 
techniques, namely capillary tube centrifugation and 

mini anion exchange column (mAECT). Participants 
classified as HAT-infected were positive for both 
serological (CATT) and parasitological (mAECT) tests, 
or had CATT plasma dilution ≥ 1/8, parasitology 
negative. The individuals maintained this phenotype for 
at least 2 years (latent carriers). Uninfected participants 
were negative or had positive CATT plasma dilutions 
of < 1/8.  

 
Assessment of APOL1 renal risk alleles 

DNA was extracted from whole blood samples at 
the Genetics Laboratory of the National Institute for 
Biomedical Research (INRB) using the Maxwell 
method following the manufacturer’s instructions 
(Maxwell16®, Promega, Lyon, France). The extracted 
DNA was transferred to the Laboratory of Development 
and Regeneration at Katholieke University, Leuven 
(KU Leuven, Belgium) for storage and genotyping. 
APOL1 genotyping was performed for two renal risk 
alleles: G1 (coding variants rs73885319A>G 
[p.Ser342Gly] and rs60910145G>T [p.Ile384Met]) and 
G2 (6-bp deletion, rs71785313). The exon 7 (883 bp) 
of APOL1 was amplified using the gene-specific primer 
pairs (Fw50-GTCACTGAGCCAATCTCAGC-30 and 
Rv50-CATATCTCTCCTGGTGGCTG-30). 
Polymerase chain reaction (PCR) was performed on 
genomic DNA using GoTaq Green DNA polymerase 
(Promega Corporation, Fitchburg, Wisconsin) and 
consisted of 35 cycles at an annealing temperature of 55 
ºC. Alkaline phosphatase and exonuclease exoSAP IT 
(Affymetrix, Santa Clara, CA) were used for PCR 
purification. Sanger sequencing was performed on an 
ABI 3100XL High-Throughput DNA Sequencer 
(Applied Biosystems, Foster City, CA, USA). APOL1 
high-risk genotype (HRG) was defined as the presence 
of two risk alleles (G1/G1, G2/G2, or G1/G2), and low-
risk genotype (LRG) was defined as the presence of 0 
or 1 risk allele. 
Ethics approval 

This study was approved by the Ethics Committee 
of the School of Public Health of the University of 
Kinshasa (approval no: ESP/CE/087B/2023). All rules 
of confidentiality were guaranteed by the research team, 
in compliance with the principles of the Declaration of 
Helsinki. All participants included in the study or their 
guardians (for participants under the age of 18 years) 
provided verbal or written consent. 

 
Statistical analysis 

Data analysis was performed using the SPSS for 
Windows software version 21 (SPSS Inc. Chicago, IL, 
USA, 2013). Student’s and Pearson's Chi-Square test or 
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Fisher’s exact tests were used as appropriate. Odds 
ratios were provided with their 95% confidence 
intervals (CIs). Statistical significance was set at p < 
0.05, based on two-tailed test. A Chi-square test was 
used to test the deviation from Hardy-Weinberg 
equilibrium. 

 
Results 
Characteristics of the study population 

Figure 1 illustrates the flow of participants in this 
study. Of the 289 participants enrolled, 238 (82%) met 
the inclusion criteria; 87 (36.5%) were excluded as they 
did not present for blood sample collection for the buffy 
coat. DNA samples were collected from 151 
participants. Of these, 27 were discarded due to 
impurities and/or low yield. Thus, the data of 124 
participants, including 73 women (58.9%), with an 
average age of 38.4 ± 17 years, were retained for the 
analysis. Seventy-one (57%) participants were infected 
with Trypanosoma, including 65 (52%) symptomatic 
and 6 (5%) asymptomatic. Fifty-three (43%) 
participants were uninfected. The average age of the 
HAT-infected participants was higher than that of the 
uninfected participants (p = 0.240). The general 
characteristics of the study population is summarized in 
Table 1. Data are expressed as mean ± SD or absolute 
(n) and relative frequency (%). 

APOL1 sequence analysis revealed that of the 124 
participants, 10 (8.1%) carried the HRG, 28 (22.6%) 
carried the G1/G0 genotype, and 15 (12.1%) the G2/G0 
genotype. Considering all chromosomes, the risk allele 
frequencies were 16.5% and 8.8 % for G1 and G2, 
respectively. Of the 124 participants, 43 (34.7%) 
carried one of the APOL1 variants, and 53 (42.7%) 
carried at least one risk variant. The prevalence of G1 
and G2 variants and the frequency of high- and low-risk 

genotypes were similar in HAT-infected and uninfected 
participants.  

 
  

Figure 1. Participants’ flow diagram. 

HAT: human African trypanosomiasis; CATT: card agglutination test for 
trypanosomiasis. 

Table 1. Characteristics of the study population. 
Characteristics All 

n = 124 
HAT-infected subjects 

n = 71 
Uninfected subjects 

n = 53 p values 

Age (years) 38.4 ± 17 36.8 ± 16.7 40.4 ± 17.3 0.240 
Gender     
Male 51 (41.1) 26 (36.6) 25 (47.2) 0.159 
Female 73 (58.9) 45 (63.4) 28 (52.8) 0.271 
At least one allele risk 53 (42.7) 30 (42.3) 23 (43.4) 0.522 
High-risk genotype 10 (8.1) 8 (11.3) 2 (3.8) 0.117 
G1/G1 5 (4) 4 (5.6) 1 (1.9)  
G2/G2 2 (1.6) 2 (2.8) 0 (0)  
G1/G2 3 (2.4) 2 (2.8) 1 (1.9)  
Low-risk genotype 114 (91.9) 63 (88.7) 51 (96.2) 0.186 
G1/G0 28 (22.6) 14 (19.7) 14 (26.4)  
G2/G0 15 (12.1) 8 (11.3) 7 (13.2)  
G0/G0 71 (57.3) 41 (57.7) 30 (56.6)  
Alleles     
G1 41 (16.5%) 24 (16.9%) 17 (16%) 1.000 
G2 22 (8.8%) 14 (9.9%) 8 (7.5%) 0.653 
Data are expressed as mean ± SD or absolute (n) and relative (%) frequency. HAT: human African trypanosomiasis. 
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Association between APOL1 risk variants and 
susceptibility to T. b. gambiense infection 

Neither variant demonstrated any association with 
susceptibility to T. b. gambiense infection when 
comparing the infected and uninfected participants 
(Table 2). The frequencies of G1 and G2 alleles in both 
groups were similar (G1: 19.7% vs. 26.4%, p = 0.394; 
G2: 11.3% vs. 13.2%, p = 0.786). 

 
Association between APOL1 risk variants and T. b. 
gambiense infection outcome 

No association was observed between the APOL1 
risk variants and T. b gambiense infection outcomes. 
APOL1 G1 was not associated with predisposition to 
latent asymptomatic carriage. While it was not possible 
to determine the association between G2 and the 
development of symptomatic T. b. gambiense infection, 
given the small number of T. b. gambiense carriers, the 
G2 allele frequency tended to be higher in symptomatic 
infections (Table 3). 

 
Discussion 

In the present study, we assessed the prevalence of 
APOL1 risk variants G1 and G2 alleles in a rural 
Congolese population endemic for HAT; as well as the 
association between these variants and both 
susceptibility and disease outcome linked to the 
pathogen T. b. gambiense. The salient point in the 
results was that neither variant was associated with 
susceptibility to T. b. gambiense infection. Although G2 

tended to be more prevalent in symptomatic patients, 
the G1 variant was not associated with T. b. gambiense 
infection severity.  

 
Prevalence of APOL1 risk variants 

Our results indicate a similar prevalence of G1 and 
G2 among infected and uninfected participants, 
suggesting that neither variant influences susceptibility 
to T. b. gambiense infection, as reported by previous 
studies [1,14,15]. The prevalence of G1 (16.5%) and G2 
(8.8%) in our study population was similar to that 
reported by Ekulu et al. among children in the general 
population in Kinshasa (12.4% for G1 and 10.4% for 
G2) [16]. However, it was lower than that observed in 
other African populations (22% for G1 and 13% for G2) 
and in African Americans (20% to 22% for G1, and 
13% to 15% for G2) [1,8,13]. The G1 allele frequency 
in our setting was much lower than that observed in 
West Africa (40%) [3,17]. It has been hypothesized that 
the APOL1 G1 allele, and, to a lesser extent, the G2 
allele, have undergone selective scanning in West 
Africa over the past 10,000 years and are widespread 
throughout sub-Saharan Africa and the African 
diaspora [1,8]. Consequently, there would have been a 
balanced selection of G1 and G2 variants in West 
Africa. The heterozygous form confers protection 
against trypanosomiasis, whereas the homozygous form 
is associated with increasing susceptibility to CKD 
[1,14,24,25]. The high frequency of APOL1 G1 and G2 
alleles in African Americans could be attributed to the 

Table 2. Association between APOL1 risk variants and susceptibility of T. b. gambiense infection. 
APOL1 variants Infected Non-infected Association between infected / non-

infected OR [95% CI] p Number % Number % 
G0 63 88.7 51 96.2 0.31 [0.04–1.42] 0.186 
Non-G0 8 11.3 2 3.8   
Total 71 100 53 100   
G1 14 19.7 14 26.4 0.68 [0.29–1.62] 0.394 
Non-G1 57 80.3 39 73.6   
Total 71 100 53 100   
G2 8 11.3 7 13.2 0.83 [0.27–2.58] 0.786 
Non-G2 63 88.7 46 86.8   
Total 71 100 53 100   
Data are expressed as mean ± SD or absolute (n) and relative (%) frequency. CI: confidence interval: OR: odd ratio. 
 
 
 
Table 3. Association between APOL1 risk variants and T. b. gambiense infection outcome in HAT-infected patients. 
APOL1 variants Symptomatic patients Asymptomatic patients Association between symptomatic / 

asymptomatic patients OR [95% CI] p Number % Number % 
G0 59 90.8 4 66.7 4.92 [0.52–33.12] 0.133 
Non-G0 6 9.2 2 33.3   
Total 65 100 6 100   
G1 13 20 1 16.7 1.25 [0.16–31.91] 1.000 
Non-G1 52 80 5 83.7   
Total 65 100 6 100   
G2 8 12.3 0 0 NC 1.000 
Non-G2 57 87.7 6 100   
Total 65 100 6 100   
Data are expressed as mean ± SD or absolute (n) and relative (%) frequency. CI: confidence interval; NC: not calculable; OR: odd ratio. 
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dispersion of people from West Africa during the 
Trans-Atlantic slave trade from 16th to 19th centuries 
[19,20]. For these reasons, the prevalence of APOL1 
HRG (8.1%) in our study population was also lower 
than that observed in both the African American (10% 
to 15%) and the West African populations (23% to 
28%) [18,21]. Nevertheless, this is consistent with 
reports in Central Africa, as the Masimanimba 
population belongs to the Bantu ethnic group that 
drifted from the Niger-Congo language family, which 
originates from the neighboring regions of Cameroon 
and Nigeria [21,26,27]. 

 
Association between APOL1 risk variants and 
susceptibility of T. b. gambiense infection 

Our data did not reveal any association between 
APOL1 risk G1 (rs73885319 - S342G, rs60910145 - 
I384M) or G2 (rs71785313 - D 388:389 NY) variants 
and susceptibility to T. b. gambiense infection. This 
observation concurs with surveys performed in the T. b. 
gambiense HAT foci of north-west Uganda [22], and in 
the mangrove area of coastal Guinea [14]. The ethnic 
groups in the HAT foci are the Nilo-Saharan family 
language in Uganda and the Niger-Congo family 
language in the mangroves of Guinea. This suggests 
that these variants do not restore trypanolytic activity 
against T. b. gambiense, implying that neither variant 
confers protection against Trypanosoma species [1]. 
However, divergent results have been reported for T. b. 
rhodesiense infections in different ethnic groups. 
Indeed, a single copy of the G2 variant has been shown 
to be lytic and protective against T. b. rhodesiense 
[1,17]. In Uganda, an association was found between 
APOL1 G2 and protection against T. b. rhodesiense 
infection in the Nilo-Saharan family language 
population; however, no association was detected in the 
ethnic groups of the Bantu language family [22], 
whereas the frequency of G2 was similar in both 
groups. Conversely, a significant difference in G1 
frequency was observed between the two groups (Bantu 
14% vs. Nilo - Saharan 2%) [18]. The T. b. rhodesiense 
and T. b. gambiense parasite resistance to human serum 
is mediated by different mechanisms that place distinct 
selective pressures on host genes. The effects of these 
variants on natural infections and the development of 
acute and chronic HAT are complex and not fully 
understood [28]. 

 
Association between APOL1 risk variants and T. b. 
gambiense infection outcome 

In our study, no association was observed between 
the APOL1 risk G1 variant and predisposition to latent 

asymptomatic carriage. Determining the association 
between G2 and the development of symptomatic T. b. 
gambiense infection proved challenging owing to the 
low number of T. b. gambiense carriers. Therefore, the 
power of our statistical tests was significantly reduced. 
Nevertheless, the frequency of the G2 allele tended to 
be higher in symptomatic T. b. gambiense infections. 
Studies from HAT-endemic regions of the Sub-Saharan 
African population found that the G2 variant was 
associated with a higher risk of developing T. b. 
gambiense infection, whereas G1 was associated with a 
low risk [15]. The G2 allele, even in the heterozygous 
state, conferred protection against T. b. rhodesiense, 
and was associated with the development of infection 
by T. b. gambiense. G1 was associated with 
asymptomatic T. b. gambiense parasitemia [14,15]. In 
contrast, one study showed no evidence of variants 
associated with T. b. rhodesiense or T. b. gambiense 
HAT in two Ugandan populations exposed to both 
trypanosome species [22]. The distribution of APOL1 
variants frequencies is complex, and varies among 
African ethnic groups, even within the same region or 
country. Therefore, HAT severity may differ owing to 
local adaptation by the host and the pathogen [23]. 

The present study has the merit of addressing the 
prevalence of APOL1 variants in a rural Central African 
environment endemic for T. b. gambiense HAT. 
However, the sample size was remarkably small and 
was accrued from a single and narrow area. Thus, the 
extent to which the results can be reliably extrapolated 
to the entire Congolese population is uncertain. Further 
studies using nationally representative samples are 
needed to confirm these results.   

 
Conclusions 

APOL1 risk variants are common in populations 
living in rural areas endemic for T. b. gambiense in the 
DRC. Although neither variant was associated with 
susceptibility to T. b. gambiense infection, G2 was 
associated with symptomatic HAT. Considering the 
mixed and heterogeneous populations in Africa, this 
study provides perspectives for other larger genetic 
surveys. 

 
 
Acknowledgements 
We are grateful to the Wellcome Trust; The National Institute 
of Biomedical Research (INRB), DRC; and the National 
Program of Control of HAT (PNLTHA), DRC. We thank the 
population of Masi-Manimba DRC for participating in this 
study. We also thank the Managers of the Laboratory of 
Development and Regeneration of the Katholieke 
Universiteit Leuven (KU Leuven), Belgium for the APOL1 



Mupepe et al. – APOL1 variants in a sleeping sickness endemic area    J Infect Dev Ctries 2024; 18(10):1610-1616. 

1615 

genotyping; Professor Fons Verdonck of the KU Leuven, and 
the Swiss Society of Cardiology. We would like to thank 
Editage (www.editage.com) for English language editing. 
Finally, we are grateful to the members of TrypanoGEN 
group: Julius Mulindwa, Magambo Phillip Kimuda, 
Mathurin Koffi, Justin Windingoudi Kaboré, Bernadin 
Ahouty, Gustave Simo, Elvis Ofon, John Enyaru, John Chisi, 
Kelita Kamoto, Martin Simuunza, Vincent P. Alibu, Veerle 
Lejon, Vincent Jamonneau, Mamadou Camara, Bruno 
Bucheton, Christiane Hertz-Fowler, Issa Sidibe, and Enock 
Matovu. 
 
Author contributions  
Study design: DMM, JRMB-K, HNS, DNM, M-NNLW, 
JMNK, PME; data collection: DMM, M-NNLW, DNM, 
RZM, ABN, KLK, LPVdH, ENL; data analysis and 
interpretation: DMM, VAB, JRMB-K, PME, ABN, KLK, M-
NNLW, LPVdH, ENL, DNM; draft writing and revision of 
manuscript: DMM, JRMB-K, JMNK, HNS, DNM, JRRM, 
M-NNLW, NBB, PME, BML. All authors have read and 
approved the final version of this manuscript. 
 
 
References 
1. Genovese G, Friedman DJ, Ross MD, Lecordier L, Uzureau P, 

Freedman BI, Bowden DW, Langefeld CD, Oleksyk TK, 
Uscinski Knob AL, Bernhardy AJ, Hicks PJ, Nelson GW, 
Vanhollebeke B, Winkler CA, Kopp JB, Pays E, Pollak MR 
(2010) Association of trypanolytic ApoL1 variants with kidney 
disease in African Americans. Science 329: 841–845. doi: 
10.1126/science.1193032. 

2. Atta MG, Estrella MM, Kuperman M, Foy MC, Fine DM, 
Racusen LC, Lucas GM, Nelson GW, Warner AC, Winkler 
CA, Kopp JB (2012) HIV-associated nephropathy patients 
with and without apolipoprotein L1 gene variants have similar 
clinical and histological characteristics. Kidney Int 82: 338–
343. doi: 10.1038/ki.2012.111. 

3. Tzur S, Rosset S, Shemer R, Yudkovsky G, Selig S, Tarekegn 
A, Bekele E, Bradman N, Wasser WG, Behar DM, Skorecki K 
(2010) Missense mutations in the APOL1 gene are highly 
associated with end stage kidney disease risk previously 
attributed to the MYH9 gene. Hum Genet 128: 345–350. doi: 
10.1007/s00439-010-0861-0. 

4. Mukamal KJ, Tremaglio J, Friedman DJ, Ix JH, Kuller LH, 
Tracy RP, Pollak MR (2016) APOL1 genotype, kidney and 
cardiovascular disease, and death in older adults. Arterioscler 
Thromb Vasc Biol 36: 398–403. doi: 
10.1161/ATVBAHA.115.305970. 

5. Nordfors L, Luttropp K, Carrero JJ, Witasp A, Stenvinkel P, 
Lindholm B, Schalling M (2012) Genetic studies in chronic 
kidney disease: basic concepts. J Nephrol 25: 141–149. doi: 
10.5301/jn.5000145. 

6. Wasser WG, Tzur S, Wolday D, Adu D, Baumstein D, Rosset 
S, Skorecki K (2012) Population genetics of chronic kidney 
disease: the evolving story of APOL1. J Nephrol 25: 603–618. 
doi: 10.5301/jn.5000179. 

7. Friedman DJ and Pollak MR (2011) Genetics of kidney failure 
and the evolving story of APOL1. J Clin Invest 121: 3367–
3374. doi: 10.1172/JCI46263. 

8. Limou S, Nelson GW, Kopp JB, Winkler CA (2014) APOL1 
kidney risk alleles: population genetics and disease 

associations. Adv Chronic Kidney Dis 21: 426–433. doi: 
10.1053/j.ackd.2014.06.005. 

9. Tayo BO, Kramer H, Salako BL, Gottesman O, McKenzie CA, 
Ogunniyi A, Bottinger EP, Cooper RS (2013) Genetic variation 
in APOL1 and MYH9 genes is associated with chronic kidney 
disease among Nigerians. Int Urol Nephrol 45: 485–494. doi: 
10.1007/s11255-012-0263-4. 

10. Kopp JB, Nelson GW, Sampath K, Johnson RC, Genovese G, 
An P, Friedman D, Briggs W, Dart R, Korbet S, Mokrzycki 
MH, Kimmel PL, Limou S, Ahuja TS, Berns JS, Fryc J, Simon 
EE, Smith MC, Trachtman H, Michel DM, Schelling JR, 
Vlahov D, Pollak M, Winkler CA (2011) APOL1 genetic 
variants in focal segmental glomerulosclerosis and HIV-
associated nephropathy. J Am Soc Nephrol. 22: 2129–2137. 
doi: 10.1681/ASN.2011040388. 

11. Genovese G, Friedman DJ, Pollak MR. (2013) APOL1 variants 
and kidney disease in people of recent African ancestry. Nat 
Rev Nephrol 9: 240–244. doi: 10.1038/nrneph.2013.34. 

12. Friedman DJ, Pollak MR. (2021) APOL1 nephropathy: from 
genetics to clinical applications. Clin J Am Soc Nephrol. 8: 
294–303. doi: 10.2215/CJN.15161219. 

13. Lecordier L, Vanhollebeke B, Poelvoorde P, Tebabi P, 
Paturiaux-Hanocq F, Andris F, Lins L, Pays E (2009) C-
terminal mutants of apolipoprotein LI efficiently kill both 
Trypanosoma brucei brucei and Trypanosoma brucei 
rhodesiense. PLoS Pathog 5: e1000685. doi: 
10.1371/journal.ppat.1000685. 

14. Cooper A, Ilboudo H, Alibu VP, Ravel S, Enyaru J, Weir W, 
Noyes H, Capewell P, Camara M, Milet J, Jamonneau V, 
Camara O, Matovu E, Bucheton B, MacLeod A (2017) APOL1 
renal risk variants have contrasting resistance and 
susceptibility associations with African trypanosomiasis. Elife 
6: e25461. doi: 10.7554/eLife.25461.022. 

15. Kaboré JW, Ilboudo H, Noyes H, Camara O, Kaboré J, Camara 
M, Koffi M, Lejon V, Jamonneau V, MacLeod A, Hertz-
Fowler C, Belem AMG, Matovu E, Bucheton B, Sidibe I, 
TrypanoGEN Research Group as members of The H3Africa 
Consortium (2017) Candidate gene polymorphisms study 
between human African trypanosomiasis clinical phenotypes 
in Guinea. PLoS Negl Trop Dis 11: e0005833. doi: 
10.1371/journal.pntd.0005833. 

16. Ekulu PM, Nkoy AB, Betukumesu DK, Aloni MN, Makulo 
JRR, Sumaili EK, Mafuta EM, Elmonem MA, Arcolino FO, 
Kitetele FN, Lepira FB, van den Heuvel LP, Levtchenko EN 
(2019) APOL1 risk genotypes are associated with early kidney 
damage in children in Sub-Saharan Africa. Kidney Int. Rep 4: 
930–938. doi: 10.1016/j.ekir.2019.04.002. 

17. Thomson R, Genovese G, Canon C, Kovacsics D, Higgins MK, 
Carrington M, Winkler CA, Kopp J, Rotimi C, Adeyemo A, 
Doumatey A, Ayodo G, Alper SL, Pollak MR, Friedman DJ, 
Raper J (2014) Evolution of the primate trypanolytic factor 
APOL1. Proc Natl Acad Sci USA 111: E2130–E2139. doi: 
10.1073/pnas.1400699111. 

18. Choudhury A, Aron S, Botigué LR, Sengupta D, Botha G, 
Bensellak T, Wells G, Kumuthini J, Shriner D, Fakim YJ, 
Ghoorah AW, Dareng E, Odia T, Falola O, Adebiyi E, 
Hazelhurst S, Mazandu G, Nyangiri OA, Mbiyavanga M, 
Benkahla A, Kassim SK, Mulder N, Adebamowo SN, Chimusa 
ER, Muzny D, Metcalf G, Gibbs RA; TrypanoGEN Research 
Group; Rotimi C, Ramsay M; H3Africa Consortium; Adeyemo 
AA, Lombard Z, Hanchard NA. (2020) High-depth African 
genomes inform human migration and health. Nature. 
586:741–748. doi: 10.1038/s41586-020-2859-7. 



Mupepe et al. – APOL1 variants in a sleeping sickness endemic area    J Infect Dev Ctries 2024; 18(10):1610-1616. 

1616 

19. Salas A, Carracedo A, Richards M, Macaulay V (2005) 
Charting the ancestry of African Americans. Am J Hum Genet 
77: 676–680. doi: 10.1086/491675. 

20. Tishkoff SA, Reed FA, Friedlaender FR, Ehret C, Ranciaro A, 
Froment A, Hirbo JB, Awomoyi AA, Bodo JM, Doumbo O, 
Ibrahim M, Juma AT, Kotze MJ, Lema G, Moore JH, 
Mortensen H, Nyambo TB, Omar SA, Powell K, Pretorius GS, 
Smith MW, Thera MA, Wambebe C, Weber JL, Williams SM 
(2009) The genetic structure and history of Africans and 
African Americans. Science 324: 1035–1044. doi: 
10.1126/science.1172257. 

21. Ulasi II, Tzur S, Wasser WG, Shemer R, Kruzel E, Feigin E, 
Ijoma CK, Onodugo OD, Okoye JU, Arodiwe EB, Ifebunandu 
NA, Chukwuka CJ, Onyedum CC, Ijoma UN, Nna E, Onuigbo 
M, Rosset S, Skorecki K (2013) High population frequencies 
of APOL1 risk variants are associated with increased 
prevalence of non-diabetic chronic kidney disease in the Igbo 
people from south-eastern Nigeria. Nephron Clin Pract 123: 
123–128. doi: 10.1159/000353223. 

22. Kimuda MP, Noyes H, Mulindwa J, Enyaru J, Alibu VP, Sidibe 
I, Mumba Ngoyi D, Hertz-Fowler C, MacLeod A, Tastan 
Bishop Ö, Matovu E, TrypanoGEN Research Group as 
members of The H3Africa Consortium (2018) No evidence for 
association between APOL1 kidney disease risk alleles and 
human African trypanosomiasis in two Ugandan populations. 
PLoS Negl Trop Dis 12: e0006300. doi: 
10.1371/journal.pntd.0006300. 

23. Daneshpajouhnejad P, Kopp JB, Winkler CA, Rosenberg AZ 
(2022) The evolving story of apolipoprotein L1 nephropathy: 
the end of the beginning. Nat Rev Nephrol 18: 307–320. doi: 
10.1038/s41581-022-00538-3. 

24. Vanhamme L, Paturiaux-Hanocq F, Poelvoorde P, Nolan DP, 
Lins L, Van Den Abbeele J, Pays A, Tebabi P, Van Xong H, 

Jacquet A, Moguilevsky N, Dieu M, Kane JP, De Baetselier P, 
Brasseur R, Pays E (2003) Apolipoprotein L1 is the 
trypanosome lytic factor of human serum. Nature 422: 83–87. 
doi: 10.1038/nature01461. 

25. Raychaudhuri S (2011) Mapping rare and common causal 
alleles for complex human diseases. Cell 147: 57–69. doi: 
10.1016/j.cell.2011.09.011. 

26. Alves I, Coelho M, Gignoux C, Damasceno A, Prista A, Rocha 
J (2011) Genetic homogeneity across Bantu-speaking groups 
from Mozambique and Angola challenges early split scenarios 
between East and West Bantu populations. Hum Biol 83: 13–
38. doi: 10.1353/hub.2011.a427991. 

27. Nielsen R, Akey JM, Jakobsson M, Pritchard JK, Tishkoff S, 
Willerslev E (2017) Tracing the peopling of the world through 
genomics. Nature 541: 302–310. doi: 10.1038/nature21347. 

28. MacLean L, Chisi JE, Odiit M, Gibson WC, Ferris V, Picozzi 
K, Sternberg JM. (2004) Severity of human African 
trypanosomiasis in East Africa is associated with geographic 
location, parasite genotype, and host inflammatory cytokine 
response profile. Infect Immun 72: 7040–7044. doi: 
10.1128/IAI.72.12.7040-7044.2004. 

 
Corresponding author 
Dominique M. Mupepe, MD. 
Division of Cardiology, Department of Internal Medicine, 
University Hospital of Kinshasa,   
Kimwenza’s road Avenue, Municipality of Lemba, Po Box 123 
Kinshasa XI, The Democratic Republic of the Congo (DRC).  
Tel: +243 998853128 
Email: docmupepe@gmail.com 
 
Conflict of interests: No conflict of interests is declared. 

 


	Introduction
	Methodology
	Study design and sampling
	Clinical and paraclinical assessment
	Assessment of APOL1 renal risk alleles
	Ethics approval
	Statistical analysis

	Results
	Characteristics of the study population
	Association between APOL1 risk variants and susceptibility to T. b. gambiense infection
	Association between APOL1 risk variants and T. b. gambiense infection outcome

	Discussion
	Prevalence of APOL1 risk variants
	Association between APOL1 risk variants and susceptibility of T. b. gambiense infection
	Association between APOL1 risk variants and T. b. gambiense infection outcome

	Conclusions
	Acknowledgements
	Author contributions
	References
	Corresponding author


