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Abstract

Background: Children with HIV continue to be at a higher risk of non-
communicable diseases (NCDs), even with improvements in the treatment
of prenatal exposure to HIV-1 infection. This study aimed to identify genetic
variations associated with HIV-1 and their potential influence on the risk of
NCDs in offspring exposed during pregnancy.

Methods: We conduct a genome-wide association study (GWAS) on a cohort
of 689 participants from Cameroon, employing a case-control design and a
genomic epidemiology approach. Of these, 421 were HIV-infected and 268
were not. Single nucleotide polymorphisms (SNPs) were performed using
[llumina BeadChips.

Results: Twenty SNPs in all were found, and the majority of the alterations
were silent or synonymous. Those linked to HIV rapid progression include
rs1422884 (GRIA1, Chr5) and exm665143 (TRPV6, Chr7) 7.9x10-6,
with OR = 0.01, rs4915847 (Clorf87, Chrl), rs7578597, and exm189601
(THADA, Chr 2). The NCD-related SNPs rs1693687 (Chr10) 8.4x10-7 with
OD=0.04 and rs7175885 (Chr15) showed significant associations with slow
progression in HIV-infected individuals: THADA (rs7578597, exm189601,
Chr2) was linked to type 2 diabetes and metabolic disorders. Both TENM?2
(rs10057680, Chr5) and RBFOX1 (rs9302839, Chr16) have been associated
with neurocognitive impairment. rs1693687 (Chr10) and rs10231785 (Chr7)
were linked to cardiovascular diseases (CVDs). PHLPP1 (rs692916, Chr18)
and ZNF208 (rs10426971, Chr19) have been connected to cancer risk and
immune response.

Conclusion: The genetic variations linked to protective effects against HIV-
1's rapid development as well as other variants with possible genetic resistance
mechanisms are highlighted in this work. Additionally, several SNPs overlap
with risk factors for NCDs, indicating that there may be common genetic
processes. These results highlight the value of precision medicine strategies
in HIV care.
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Complex host-parasite interactions are influenced by both extrinsic and
intrinsic factors that affect host adaptation and susceptibility. HIV-1 infection
remains a significant global health burden despite global efforts to eradicate
it, especially in sub-Saharan Africa, where environmental factors and genetic
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diversity contribute to the variability in treatment outcomes
and disease progression [1]. Although antiretroviral therapy
(ART) has greatly raised survival rates, persons living with
HIV (PLWHIV) are still particularly concerned about long-
term consequences including non-communicable diseases
(NCDs) [2, 3]. Managing HIV/AIDS in low- and middle-
income countries (LMICs) such as Cameroon is more difficult.
According to a study, some regions/areas of the country have
observed stable HIV prevalence over time at around 5% despite
widespread ARV use [4]. While it is difficult to determine
why the prevalence stays high within communities, several
factors could be speculated, including host genetic variables
known to be important in determining HIV susceptibility,
disease progression, and ART response [5-7]. However,
despite Africa's enormous genetic variety, the majority of
genomic research has been done on people in North America
and Europe, with very few studies being carried out in African
locales [8,9]. The phenotypic heterogeneity seen in exposed
people is one of the main obstacles to comprehending HIV-1
infection. Following infection, some people develop quickly,
slowly, or do not progress for a long time [6], while others
resist HIV-1 infection even after several exposures [10]. A
complex interaction between viral, environmental, and host
genetic variables influences this diversity in virus acquisition,
disease development, and responsiveness to treatment [11].
Through candidate gene techniques and genome-wide
association studies (GWAS), host genetic research has
played a significant role in identifying genetic variations
linked to HIV susceptibility and disease progression over
the years [12]. The majority of this research, however, has
concentrated on people with European ancestry, which
limits their relevance to communities in Africa, which have
the highest genetic variety in the world [8, 13, 14]. Due to
population-specific genetic variants and structural variations,
genome-wide association studies (GWAS) have found
multiple SNPs (single nucleotide polymorphisms) linked to
HIV-1 progression; however, these findings frequently do
not replicate in African populations [13, 15]. Furthermore,
while GWAS has mostly focused on HIV-related immune
response genes, accumulating data suggests that many of
these variations also overlap with genes connected to NCDs,
including cancer, metabolic diseases, and neurocognitive
deficits [16]. Given the increasing burden of NCDs among
PLWHIV, it s crucial to examine genetic risk factors that may
contribute to both HIV progression and NCD susceptibility.

Only candidate gene studies, which concentrate on genes
linked to HIV progression, resistance, and mother-to-child
transmission, have been conducted in Cameroon on children
and adolescents exposed to HIV-1 [17-19]. Expanding
research to find genetic variants linked to HIV infection as
well as metabolic, cardiovascular, and neurodevelopmental
disorders that may develop as a result of prolonged exposure to
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antiretroviral therapy (ART) and host genetic predisposition is
imperative given the rising burden of NCDs among PLWHIV
[2, 19]. Although important single nucleotide polymorphisms
(SNPs) linked to diabetes, cancer, and other NCDs have been
identified by studies conducted in developed countries, little
is known about these findings in African contexts [16,20].
Non-communicable diseases (NCDs) are recognized as one
of the primary causes of morbidity and mortality worldwide,
particularly for people living with HIV (PLWHIV) [3]. By
performing a genome-wide association study (GWAS) on
Black African children and adolescents who were exposed
to HIV-1 at birth and those who were not, this study secks
to close this gap by examining the genetic variability of the
participants and finding correlations with variants linked to
both HIV-1 susceptibility and NCD risk. This study is an
important step in understanding host genetic factors that
contribute to HIV-related health disparities and the increasing
burden of non-communicable diseases in PLWHIV,
especially considering the high genetic diversity of African
populations and the limited funding available for large-scale
genomic research in LMICs. In order to contribute to precision
medicine techniques that are specifically designed for African
populations, this research aims to offer new insights into the
genetic drivers of disease susceptibility and progression by
utilizing genome-wide methodologies [15, 21].

Materials and Methods
Study design, setting and population

This study was done at the Chantal Biya International
Reference Center and the BiOmics unit of the Pasteur
Institute of Paris. A total of 689 participants were recruited
after obtaining a proxy consent form, signed by parents
before enrollment. The classification was done according to
their profile at the time of the inclusion, focusing on their
records files and their biological parameters such as their
CD4" T cells count and viral load (VL) values, together with
clinical parameters and their status regarding the treatment
as described by Dambaya and colleagues (2019). Among
the participants, 268 were HIV-1 negative and 421 were
HIV-1 positive. We obtained ethical clearance from the
Cameroon National Ethics Committee for research of Human
health (CNERSH) under N°2013/11/374/L/CNERSH/SP/
and an administrative authorization from the Ministry of
Public Health of Cameroon under the N0631-05.14/AAR/
MINSANTE/SG/DROS/CRC/ZAMC. As well, this study
was conducted following the Declaration of Helsinki.

Data sources, Analytical processes and measurement

Blood collection: five millilitres of blood were collected
from each participant included in the study at each
appointment. Part of whole blood was used for CD4 count
and the rest was centrifuged at 1,000 g for 10 minutes, plasma
was aliquoted and stored at -20°C for further analyses.
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Determination of CD4 counts: CD4 cell counts were
quantified using a FACScalibur flow cytometer (Becton-
Dickinson, Immunocytometry System, San Jose, CA, USA).

Determination of viral load: HIV-1 viral load was
determined from plasma by Abbott m2000rt Real-Time
HIV-1 assay (Abbott Molecular Diagnostics, Wiesbaden,
Germany), using the 200 and 600 pl of plasma protocol with
a detection limit of 160 copies/ml (1.8log) and 40 copies/ml
(1.6log) respectively.

DNA extraction: this was done according to the Qlamp
DNA Mini and the Blood Mini Handbook, from 200ul of
whole human blood or from dried blood spot (DBS), three
puncher-out circles from a DBS were used.

Quality control and quantification of DNA samples: we
used microarray-based genome-wide association studies
(GWAS) to identify disease associations. The experiment
was done at the time of sample collection and was undertaken
at the Genotype Eukaryotes unit of the Pasteur Institute of
Paris (France) actually named Biomic’s unit. This platform
at the time of this analysis used SNP genotyping on
Illumina beadchips. The genotyping chip technology was a
standardized and automated (using kits and robots) protocol.
From the 285 included subjects, we selected a total of 120
extracted DNA of good quality from the different involved
groups of participants. Genotyping clustering was performed
using the [llumina Genome studio program.

Quantification was done on the extracted DNA from the
whole blood or from the DBS. The PicoGreen assay was
useful for the quantification of the amount of double-stranded
DNA (dsDNA) that was present in a given sample in an ultra-
sensitive fluorescent nucleic acid stain because a specific
amount of DNA (at least 75 ng/ul) was required for SNP
identification. The measured amount of dsDNA was used
as a marker of the success of the genotyping process. The
samples were then separated on 1% agarose gel, for checking
the DNASs’ integrity (no smearing) and to verify the requested
amount of DNA needed. Quality control of the raw data was
done using the software PLINK which requires a computer
server Illumina BeadStudio v3.1 according to several
parameters. First of all the genotypes were assigned using a
classification provided by Illumina, generated on an African
population. We performed a common measure of relatedness
(or duplication) between pairs of samples, based on identity by
descent (IBD). When a link between samples was observed,
one of the two samples was excluded for further analysis.
In IBD estimation coefficient greater than 0.20 may suggest
relatedness, duplicates, or sample mixture. In the same way,
gender identity was also checked at this stage to confirm that
self-reported gender is consistent with the observed X and
Y chromosomes. After classification, individuals with a call
rate (percentage of genotyped SNPs per individual) of less
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than 97% were deleted. On the other hand, SNPs with a "call
frequency" (percentage of individuals genotyped by SNP) of
less than 99% were re-classified. Finally, SNPs with a call
frequency of less than 98% (i.e. a missing data rate >2%)
were excluded. All of these steps ensure reliable genotyping
data with little missing data. Finally, only 96 DNA were
genotyped using Illumina Human core exome analysis
beadchips. The deviation of the Hardy-Weinberg equilibrium
was evaluated for each SNP in each group by comparing the
distribution of observed genotype frequencies and theoretical
genotypic frequencies using an exact statistical test [21]. The
realization of multiple tests has been taken into account by
applying the corrections of Bonferroni, one of the simplest
approaches to correct for multiple testing.

Genome-wide association analysis

We research the association between HIV status (positive
infant vs negative participants) and HIV progression and,
the association between the different groups of infected
individuals with logistic regression, using PLINK.

Statistical methods

In this GWAS study, we used bead chips containing
more than 240,000 SNPs, so the statistical significance
of the SNP association has been set at 2.08 e¢”. In order to
identify additional signals while controlling the risk of false
discoveries, we also calculated the FDR (False-Discovery
Rate) g-value for each p-value: the g-value estimates the
proportion of false positives below a threshold of p-value
[22]. The local estimation FDR has been applied in this study
with a threshold of 25%. For each SNP passing the statistical
threshold of significance, the quality control was individually
re-verified. Then, for each identified signal, we verified that
the allelic frequency in an HIV-positive population was
similar to that of the population control, to confirm that the
observed association accurately reflects progression to AIDS
and not HIV-1 infection. For the identification of population
stratification, case and control genotypes were analyzed
using the EIGENSTRAT method which allows detecting
and correcting the stratification of our study population. This
method, based on a principal component analysis, allows to
modelling of the ancestral differences according to continuous
axes of variation.

Results

Summary Participant enrolment, Classification,
and Genomic Sample Processed in the CBIRC HIV
Pediatric Cohort (2010-2015) involved in the GWAS
analysis

A total of 689 infants were recruited at the Chantal Biya
International Reference Center (CBIRC), from October 2010
to April 2015. Among them, 268(38.9%) were HIV-negative

Citation: Béatrice Dambaya, Georges Teto, Marcel Tongo, Laure Lemee, Elise Elong Lobe, Charlotte Tangimpundu, Guy Benoit Lekeufack,
Céline Nguefeu Nkenfou, Flobert Njiokou, Vittorio Colizzi, Simon Eyongabane Ako and Alexis Ndjolo. Genetic Variants Linked to HIV-1
Exposure in Cameroonian Children and Adolescents and Their Association to Non-Communicable Diseases. Fortune Journal of

Health Sciences 8 (2025): 903-916.



Dambaya, et al, Fortune J Health Sci 2025
DOI:10.26502/fjhs.352

Journals

cases, 68 (25.4%) were HIV-exposed uninfected (HEU), and
200 (74.6%) were HIV non-exposed uninfected (HNEU). The
group of positive participants was composed of 15 enrolled
LTNP (3.6%), 80 SP (19%) and 42 RP (9.9%). The rest, 284
(67.5%) participants were excluded because of not respect
any criteria of classification of these three different groups.
From the 285 extracted genomic materials to be genotyped
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in the genomic laboratory of the Pasteur Institute of Paris,
only 120 passed the initial quality control filtering. Five
individuals have been removed from the study for gender
misclassification. Finally, principal component association
(PCA) was performed on 96 samples to assess population
stratification. After this correction, these participants were
then considered for further analysis (Figure 1).

Enrolled Individuals

Total DNA extracted
(n=285)

Quality control and
quantification passed
=120}

GWAS performed
[n=96]

(n=689)
HIV-L positive HIV-I negatve
[n_im (=268)
" HIV-1 exposed HIV-1 unexposed
LINP s RP \ ”,‘f‘, ) (n=68] (1=200)
_ _ ) classifie
[n=15) (n=80 [n=42) (0080
DNA DNA
DNA DA DNA extracted extracted
extracted extracted extracted (=) (1001
(n=15) (n=70) (n=39) - -

Figure 1: Participant Recruitment, Classification, and Genomic Sample Processing in the CBIRC HIV Pediatric Cohort (2010-2015) involved

in the GWAS analysis

Table 1: Socio-demographic and immune-virologic characteristics
of participants involved in the GWAS analysis

Groups (number; Mean Mean CD4 Mean Viral load
% male) age cells (%) copies (Log)
LTNP (9; 11%) 13.44 4772 (21) 145097° (4.06)
SP (33; 45%) 11.33 6082 (22) 44048° (3.6)
RP (21; 36%) 3.04 12432 (23) 38467° (4.2)
HEU (27; 38%) 5.53 / /
HNEU (6; 50%) 7.5 / /

LTNP: long term non progressor; SP: slow progressors; RP: rapid
progressors; HEU: HIV exposed uninfected; HNEU: HIV non-exposed
uninfected; a:p-value for mean CD4 cells (p=0.02); b:p-value for mean
Viral load copies (p =0.02)

Socio-demographic and immune-virologic characteristics
of participants involved in the GWAS analysis

Socio-demographic and immune-virologic characteristics
of participants involved in the GWAS analysis are resume in
table 1. From the 15 enrolled LTNP, 9 past the last quality
control analysis with 33 SP and 21 RP. Inside the group

of HIV-1 negative the majority, 82% were HIV-1 exposed
uninfected and the rest was non-exposed. Most of the
participants were originated from the Center South and West
regions of the country.

Sample relatedness
analysis (ancestry plot)

and principal component

Principle component analysis plot was used to identify
axes of genetic variation for each individual. The relatedness
of samples is shown in figure 2, each point represents an
individual (figure 3), and no patients and no control were
too different from others in terms of their genotypes (black
crosses and triangles are our HIV positive and controls
samples, next to their genotypic ancestry in green in the
figure 3). The differences appear clearly when the genetic
comparison is between our study population versus Asiatic
(Japanese and Chinese) shown in purple and located on the
upper left of figure 3, with the European population in red
located on the lower left part. All the samples (cases and
controls) completely match with African ancestry population
in green located on the upper right part of figure 3.
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Figure 2: Reladness in the participant’s ancestry sample. 4 plot of
the probability of sharing 1 allele (z1) identical by descent against
the probability of sharing zero allele (z0).

Figure 3: Principal component ancestry of the overall perinatally
infected and uninfected children and adolescents compared to
Japanese and Chinese (JPT+CHB) European (CEU); and African

(YRI)

Table 2: List of the best SNP signal results and genes involved in the overall study population of infected and uninfected participants

SNPs name CHR Allele Gene symbol Characteristic Mutation
rs1693687 10 [T/C] / /
rs9302839 16 [A/G] RBFOX1 Silent
rs7175885 15 [T/C] / /
rs6140412 20 [T/C] / /
rs6136995 20 [T/G] C200rf26 Silent

rs10057680 5 [A/G] TENM2 Silent

rs10804512 3 [A/G] / /
rs6718327 2 [T/C] / /
rs1422884 5 [T/C] GRIA1 Silent
exm665143 7 [A/G] TRPV6 Exon variant Missense_M681T
rs4915847 1 [T/G] C1orf87 Silent
rs7578597 2 [T/C] THADA Exon variant Missense_T1187A
exm189601 2 [T/C] THADA Exon variant Missense_T1187A
rs12214839 6 [A/G] FUT9 Silent
rs9270986 6 [A/C] / /
rs5926263 X [A/G] LOC100873065 Silent

rs10231785 7 [A/G]

rs40428 12 [T/C] / /
rs692916 18 [T/C] PHLPP1 Silent
rs10426971 19 [A/G] ZNF208 Silent

Legend: CHR= chromosome number
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SNPs with best p values obtained in the overall study
population

We identified in overall 20 SNPs in our study population
which have the best p values as shown in table 2. Eleven genes
have been identified with only three missense mutations in
the overall study population. The majority of the SNPs were
located on chromosome 2 (with 4 SNPs), followed by 20
and 6 with 2 SNPs respectively. Most of the significant
SNPs (45% and 18%) were involved in cancer and type 2
diabetes respectively, the other SNPs were associated with
only one disease. Table 3 summarizes the different SNPs
identified in NCDs in our study group that were reported in
other studies.

Table 3: Identifier SNPs and their localization on genes involved
in some NCDs

Volume 8 * Issue 4 | 908

SNPs identified in perinatally HIV-1 infected
participants: impact on disease progression

Comparison between long-term non-progressors (LTNP)
versus Rapid Progressors (RP)

After accessing the genotype magnitude of SNPs between
LTNP and RP using a Manhattan plot (Figure 4), showing
many SNPs withlog10p values <10+, only 2 SNPs (rs1422884
and exm665143) emerge with an unadjusted p-value of
7.9x10 (Table 4). The odd ratio of r=0.01[0.0001-0.2010]
and the false discovery rate (FDR_BH) was 81%. Adjusted
value with Bonferroni correction indicates a p-value of
4.5x107 (upper horizontal blue line) located in chromosomes
5 and 7 respectively.

151422884 €xm665143

s Bonferroni
cut-off

1090(p)

1 2 3 4 586 7895 11 13 15 18 22 25

Chromosome

Gene symbol SNPs Role/Disease involved
Involved in Psychiatric
RBFOX1 (RNA Binding disorders, Autism,
Fox-1 Homolog 1) rs9302839 Epilepsy and Colorectal
Cancer. [23-25]
C200rf26 (chromosome Oxidoreductase activities
20 open reading frame | rs6136995 are involved in innate and
26) adaptative immunity [26]
TENM2 (Teneurin involved in cancer tissue,
Transmembrane rs10057680 | and chronic kidney
Protein 2) disease [27]
.GRIM (glutamate Intellectual development
ionotropic receptor rs1422884 disorder [28]
AMPA type subunit 1)
TRPV6 (Transient
Receptor Potential Hyperparathyroidism,
cation channel exm665143 Breast cancer [29-31]
subfamily V member 6)
Gtorer vmosons
1 open reading frame rs4915847 : ’
87) spinal muscular atrophy
[32]
THADA (Thyroid A_ssouated with type 2
. exm189601 diabetes and polycystic
Adenoma Associated)
ovary syndrome [33-35]
Associated with
Susceptibility to
FUT9 placeptal malaria
(Fucosyltransferase 9) rs12214839 | infection, Intellectual
y Developmental Disorder,
and Colorectal cancer
[36,37]
Cancer, autism and
LOC100873065 rs5926263 autoimmune disease
[38,39]
PHLPP1 (PH domain Involved in multiple types
and Leucine-rich repeat | rs692916 of cancer, obesity and
Protein Phosphatase) type 2 diabetes [40]
ZNF?OS (Zinc finger 110426971 Bind DNA aqd regulate
protein) gene transcription [41,42]

Figure 4: Allelic association plotted as -logl0 p-values for a
genome-wide association study in LTNP and RP HIV-infected
children and adolescents for 22 autosomes and the X chromosome.
Each dot corresponds to an SNP, with its chromosomal position
(x-axis)

Comparison between long-term non-progressor (LTNP)
and Slow Progressor (SP)

When we compared LTNP and SP as shown in red
colour in figure 5, 3 SNPs appeared above p<10- rs1693687,
rs9302839 and rs7175885. The best statistical signiﬁcances
were observed with 1s1693687 (p=8.4x107) and rs9302839
(p=9.8x10°) located respectively on chromosomes 10 and 16.
As shown in table 5 the odds ratios were not significant. The
FDR-BH of only rs1693687 was below the threshold of 25%
and above for the 2 other SNPs (86%).

Comparison between Rapid Progressor (RP) and Slow
Progressor (SP)

By comparing RP and SP (Table 6) and considering their
unadjusted p values, 8 SNPs showed a signal with a p-value
between 0.00024 and 10°¢, 3 of them located on chromosomes
1, and 2 and could be involved in rapid disease progression
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Table 4: Association analysis results between LTNP and RP

OR

CHR Gene SNP BP A1 F_A F_U A2 CHIsQ p-value

FDR-BH

0.01

5 GRIA1 rs1422884 153009489 T 0.05 0.727 C 19.95 7.90E-06
0.81
0.01

7 TPV6 exm665143 142569596 A 0.05 0.727 G 19.95 7.90E-06
0.81

CHR: chromosome; SNP: single nucleotide polymorphism; BP: base-pair location; A1 minor allele; A2 major allele; F_A & F_U frequency of the
minor allele in LTNP and RP respectively; CHISQ: Chi-square probability value; Nominal P unadjusted asymptotic probability value; OR odds
ratio; the level of significance is 10E”7. FDR_BH = False Discovery Rate Benjamin-Hochberg; G= Guanine; C= Cytosine; A=Adenine; T=Thymine

rs1693687-

rs9302839

~logy(p)

rs6718327

1 2 3 4

5 6

rs7175885

T8 9 14

Chromosome

13 15

18

22 25

Bonferroni
cut-off

Figure 5: Association plotted as -log 10 p-values for a genome-wide association study in LTNP
and SP HIV-infected children and adolescents for 22 autosomes and the X chromosome. Each dot
corresponds to an SNP, with its chromosomal position (x-axis)

Table 5: Association analysis results for SNPs identified in LTNP and SP

OR

CHR Gene SNP BP A1 F_A F_ U A2 CHISQ p-value

FDR-BH

0.044

10 / rs1693687 123438113 T 0.105 0.727 C 24.26 8.4x107
0.24
0.027

16 RBFOX1 rs9302839 7187784 A 0.026 0.5 G 19.54 9.8x10°¢
0.86
0.08

15 / rs7175885 25055302 C 0.05 0.4 T 13.46 1.3x10°
0.86

CHR: chromosome; SNP: single nucleotide polymorphism; BP: base-pair location; A1 minor allele; A2 major allele; F_A & F_U frequency of the
minor allele in RP and SP respectively; CHISQ: Chi-square probability value; Nominal P unadjusted asymptotic probability value; OR odds ratio;
the level of significance is 10E7. FDR_BH = False Discovery Rate Benjamin-Hochberg; G= Guanine; C= Cytosine; T=Thymine
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if we consider the odds ratio value as shown in table 6. The
most significant SNPs are rs4915847 located on the Clorf87
gene, exm189601 and rs75785997 on the gene THADA. By
calculating the FDR-BH of the 3 SNPs, all of them were
above the threshold (36%).

SNPs identified in HIV-1 perinatally
participants: impact on disease acquisition

infected

We identified 7 genome-wide SNPs with unadjusted
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p-values not greater than 10 log when comparing HIV-1
infected participants (LTNP, SP, and RP) versus negative
controls (HEU). Only 2 SNPs, rs40428 and rs692916 of the
PHLPPI1 gene located respectively on chromosomes 12 and
18 have a p-value of 10 log without significant odd ratio as
shown in table 7. The unadjusted p-value gives a value of
6.6x10%and 9.6x10, respectively for rs40428 and rs692916.
The FDR-BH was above the threshold for both of them.

Table 6: Association analysis results for SNPs identified in rapid progressors and slow progressors participants

CHR Gene SNP BP A1
1 C1orf87 rs4915847 60461958 G
2 THADA exm189601 43732823 C
2 THADA rs7578597 43732823 C

OR
F_A F_ U A2 CHISQ p-value
FDR-BH
21.67
0.65 0.078 T 21.39 3.7x10%
0.36
27
0.6 0.052 T 21.44 3.7x10%
0.36
27
0.6 0.052 T 21.44 3.7x10%
0.36

CHR: chromosome; SNP: single nucleotide polymorphism; BP: base-pair location; A1 minor allele; A2 major allele; F_A & F_U frequency of the
minor allele in RP and SP respectively; CHISQ: Chi-square probability value; Nominal P unadjusted asymptotic probability value; OR odds ratio;
FDR_BH = False Discovery Rate Benjamin-Hochberg; the level of significance is 10E7. G= Guanine; C= Cytosine; T=Thymine

Table 7: SNPs potentially associated with HIV-1 virus acquisition

CHR SNP A1 FreLt:!ru;:cy A2

12 rs40428 T 0 c
SP

18 r$692916 A 0.2105 G

Frequency OR
HEU CHISQ p-value FDR-BH
0
0.6154 20.31 6.6x10
0.84
HEU
0.08
0.7692 19.58 9.6 x10®
0.86

Legend: CHR=chromosome,; OR= odds ratio and frequency is given for the A1 allele where OR > 1 indicates a protective effect; FDR_BH = False
Discovery Rate Benjamin-Hochberg; CHISQ= Chi-square; G= Guanine; C= Cytosine; A=Adenine; T=Thymine

Discussion

In this study, we identified in overall 20 SNPs with the best
signals, with some potentially associated with some profiles
and/or clinical status of participants. Limited studies have
observed these SNPs in such a pediatric context related to the
use of genome-wide association studies (GWAS). Missense
or non-synonymous mutations which are characterized by
changes in protein sequence, were few represented compared
to the majority of the identified SNPs who were synonymous.
Those synonymous SNPs also termed silent mutations [43]
occur at the non-coding region of the gene [44] and naturally
do not affect the gene product. However, they could also be
found in the coding region because each amino acid is coded
by more than one codon. In most cases, they were previously
not considered important. However, recent studies show
that synonymous SNPs affect gene function and expression

by changing the expression of neighbouring genes. Many
studies have demonstrated silent mutation could also affect
the function of the cell by altering the gene’s expression and
regulation [45]. Some research reveals that they can have
disease-driving effects, this impact of silent mutation has been
demonstrated in some NCDs such as cancer development
[46-48]. Thus, missense or silent SNPs observed in our study
population need to be more investigated.

Concerning SNPs potentially involved in disease
progression only 2 SNPs with p value of 7.9x10°¢, emerged
when comparing LTNP to RP. The same comparison done
between RP versus SP brings out 3 other SNPs with p
values not greater than 10 with a higher odd ratio. These
five SNPs were more represented in the RP participants and
therefore need to be more investigate in order to effectively
characterize their role in rapid disease progression. To the
best of our knowledge, these SNPs with the best signals
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have never been identified in GWAS studies regarding HIV
disease progression. These new signals such as those found
by other researchers will help to better understand host
genetic variability in the progression of the disease [49-51].
On the contrary, only 2 SNPs also require further research
related to slow disease progression as they have presented
the best p values when comparing LTNP to SP. Nevertheless,
this finding is controversial since those 2 SNPs were more
distributed inside the SP group instead of LTNP. These results
can be attributed to our poor sample size especially referring
to the LTNP group of participants. The same explanation can
be made referring to the poor number of SNPs with a very
low odd ratio, observed when assessing the SNPs involved
in HIV-1 disease acquisition. Overall, when considering
the significant signal (p=2.08x107), needed to consider the
significant impact of an SNP in this study, we observed that
only one SNP has a p-value above this threshold. Moreover,
by assessing the adjusted p values and using false discovery
values, no SNP passed this significant signal. Referring to
the fact that a wide significance threshold is usually set in
the region between p< 107 and p<10%#[52-55], we can realize
that our GWAS results globally are not enough statistically
significant to make a clear conclusion. This poor genome-
wide significance can be justified by many reasons, among
them, the low sample size mentioned above. It was difficult
for us due to the lack of technical and financial reasons, to
ascertain and analyze more samples in both cases and controls
in order to obtain adequate power for a typical genome-wide
association study. In case samples, the number of LTNP
analyzed was not enough compared to the sample size usually
involved in genome-wide association studies all over the
world. Regarding the number of SNPs which did not pass the
quality control, it could be attributed to the genotyping tools
especially the beadchips used in our analysis, in addition to
the high genetic variability of the African population. African
populations are genetically more diverse than European
and Asian populations [56-58], the fundamental reason has
always been the challenge of how to develop an appropriate
methodology for GWAS in Africa in order to search for
significant associations for a better exploitation of the results
[59,60]. This methodology was economically challenging for
us, and our experience just explained one of the reasons why
GWAS is very rare in African countries. If some GWAS have
been already conducted in some African countries, they are
still rare and this has to be improved because GWAS studies
might provide important insights into the development of
more effective therapeutics public health interventions,
and even vaccines. This is by looking for the molecular
mechanisms involved in the resistance and susceptibility to
disease. To the best of our knowledge, no GWAS study has
ever been conducted in Cameroon, especially in a pediatric
setting of HIV infection and this explorative GWAS study
can serve as an indicator.
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Our poor sample size may also have limited our ability
to detect statistically high significant associations in some
regions of interest, in particular for small effects. However,
this study provides some new insights into the genetics of
HIV-MTCT and aims to facilitate future genetic studies for
this phenotype. Apart from the SNP identified on FUT9
which is associated both with placental malaria infection
[35] and colon cancer [36], the observed signals were mostly
associated with non-communicable diseases, such as cancer,
epilepsy, type 2 diabetes, hyperparathyroidism, intellectual
development disorder, and spinal muscular atrophy. These
findings corroborate those of Auslander et al. (2017)
who predict a variant seen in FUT9, which catalyzes the
biosynthesis of Ley glycolipids, as a driver of advanced-stage
colon cancer. The variant 1s9302839 of RBFOXI1 found in
this study like those previously reported by other authors, are
causal factors of psychiatric disorders, autism, epilepsy and
colorectal cancer [22-24]. Overall the majority of variants
with the best signals found on TENM2, Clorf87, PHLPP1
and TRPV6 genes were associated with different types of
cancer [26,28,29,31,39,]. In HIV-1 infection tat gene have
been associated with neurogenerative disorder (HAND) by
acting on brain cells and neurons, even in the absence of
active HIV-1 replication [61-65]. These results bring out the
importance of the exploration of the whole human genome
in order to anticipate and ameliorate the follow-up of the
patients.

Conclusions

In this study, we focused on children and adolescents
who were exposed to HIV-1 by conducting a GWAS in a
Cameroonian population. Our findings offer new insights into
host genetic determinants impacting HI'V disease progression
and the potential risk of NCDs in PLWHIV. Twenty SNPs
with the strongest associated signals were found by our
analysis; many of these had not been previously documented
in pediatric HIV investigations. The majority of SNPs were
synonymous (silent) mutations. Five SNPs were also found
to be strongly linked to the progression of HIV disease; rapid
progressors (RP) had the largest proportion of these SNPs
when compared to slow progressors (SP) and long-term non-
progressors (LTNP). Furthermore, two SNPs were linked to
slow illness development. Notably, several SNPs identified in
our study, including variants in FUT9, RBFOX1, THADA,
TRPV6, and TENM2 have been linked in the past to a
number of NCDs, including epilepsy, hyperparathyroidism,
type 2 diabetes, intellectual developmental abnormalities,
and many cancers. These results highlight the significance
of incorporating genomic insights into HIV care regimens
by indicating that some genetic variations may have a dual
function in HIV progression and NCD vulnerability.
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Recommendation

This work emphasizes how urgently larger-scale genetic
research in African populations is needed to further precision
medicine strategies for HIV treatment. It will be essential to
comprehend how genetic variants affect HIV progression and
NCD risk in order to create tailored therapies and enhance the
long-term health of people living with HIV in sub-Saharan
Africa.

Acknowledgements

We would like to thank all the participants who gave
their consent for the present study to take place. We would
also like to thank Beatrice Regnault and Laure Lemee of the
Pasteur Institute of Paris for their helpful technical support,
comments and feedback. We are also grateful to the University
of Yaounde I-Cameroon, for providing the administrative
facilities needed for our internship at the Pasteur Institute of
Paris.

Limitations of the Study

The limited financial facility received did not give rise
to analysing more samples as a genetic association study
required in order to draw reliable conclusions.

Funding

This study was supported by the HIV Trust Research
Grant Program and the Chantal Biya International Reference
Centre.

Conflict of interest

The authors declare no conflict of interest.

References

1. UNAIDS. (2024). Global HIV & AIDS statistics Fact
sheet 2024 - Latest global and regional HIV statistics Joint
United Nations Programme on HIV/AIDS. https://www.
unaids.org/sites/default/files/media_asset/UNAIDS
FactSheet en.pdf

2. Deeks, S. G., Lewin, S. R., & Havlir, D. V. (2013). The
end of AIDS: HIV infection as a chronic disease. Lancet,
382(9903), 1525-1533.

3. WHO. (2023). Integration of noncommunicable
diseases into HIV service packages: technical brief.|

Technical document. https://www.who.int/publications/i/
item/9789240073470

4. Ngoume, Y. F., Teagho, U. C., Eselacha, B., Goni, O.
H., Kenfack, D., Tchakoute, M., & Tongo, M. (2025).
Differences in HIV infection trends in two regions of
Cameroon with a longstanding HIV epidemic: Insights
from 2012 and 2022. Frontiers in Public Health, 13,

Volume 8 * Issue 4 | 912

1517213. https://doi.org/10.3389/fpubh.2025.1517213

5. Saksena, N. K., Rodes, B., Wang, B., & Soriano, V.

(2007). HIV reservoirs in vivo and new strategies for
possible eradication of HIV from the reservoir sites. HIV
Medicine, 8(4), 211-222.

6. McLaren PJ, Ripke S, Pelak K, Weintrob AC,

Patsopoulos NA, Jia X, Erlich RL, Lennon NJ, Kadie CM,
Heckerman D, Gupta N, Haas DW, Deeks SG, Pereyra
F, Walker BD, de Bakker PI (2012); International HIV
Controllers Study. Fine-mapping classical HLA variation
associated with durable host control of HIV-1 infection
in African Americans. Hum Mol Genet. 21(19):4334-
47. doi: 10.1093/hmg/dds226. Epub 2012 Jun 19. PMID:
22718199; PMCID: PMC3441117.

7. Martinez-Sanz J, Ron R, Moreno E, Sanchez-Conde

M, Muriel A, Lépez Cortés LF, Blanco JR, Pineda JA,
Mena A, Calzado Isbert S, Moreno S, Serrano-Villar S.
(2022).Similar CD4/CDS Ratio Recovery After Initiation
of Dolutegravir Plus Lamivudine Versus Dolutegravir or
Bictegravir-Based Three-Drug Regimens in Naive Adults
With HIV. Front Immunol. 13:873408. doi: 10.3389/
fimmu.2022.873408. PMID: 35432298; PMCID:
PMC9009371.

8. Gurdasani, D., Carstensen, T., Pagani, L., Tachmazidou,

L., Hatzikotoulas, K., Karthikeyan, S., Iles, L., Pollard, M.
0., Choudhury, A., Ritchie, G. R., Xue, Y., Asimit, J.,
Nsubuga, R. N., Young, E. H., Pomilla, C., Kivinen, K.,
Rockett, K., Kamali, A., Doumatey, A. P., Sandhu, M.
S. (2014). The African Genome Variation Project shapes
medical genetics in Africa. Nature, 517(7534), 327-
332. https://doi.org/10.1038/nature13997

9. Fatumo S, Chikowore T, Choudhury A, Ayub M, Martin

AR, Kuchenbaecker K. (2022). A roadmap to increase
diversity in genomic studies. Nat Med. 28(2):243-250.
doi: 10.1038/s41591-021-01672-4. Epub 2022 Feb 10.
PMID: 35145307; PMCID: PMC7614889.

10. Clerici M, Shearer GM. (1996). Correlates of protection
in HIV infection and the progression of HIV infection to
AIDS. Immunol Lett. 51(1-2):69-73. doi: 10.1016/0165-
2478(96)02557-6. PMID: 8811347.

11. Chatterjee K. (2010). Host genetic factors in susceptibility
to HIV-1 infection and progression to AIDS. J Genet
;89(1):109-16. doi: 10.1007/s12041-010-0003-4. PMID:
20505255.

12. Fellay J, Shianna KV, Telenti A, Goldstein DB. (2010).
Host Genetics and HIV-1: The Final Phase? PLoS
Pathog 6(10): e1001033. https://doi.org/10.1371/journal.
ppat.1001033.

13.Rotger M, Dang KK, Fellay J, Heinzen EL, Feng S,

Citation: Béatrice Dambaya, Georges Teto, Marcel Tongo, Laure Lemee, Elise Elong Lobe, Charlotte Tangimpundu, Guy Benoit Lekeufack,
Céline Nguefeu Nkenfou, Flobert Njiokou, Vittorio Colizzi, Simon Eyongabane Ako and Alexis Ndjolo. Genetic Variants Linked to HIV-1
Exposure in Cameroonian Children and Adolescents and Their Association to Non-Communicable Diseases. Fortune Journal of

Health Sciences 8 (2025): 903-916.


https://doi.org/10.1038/nature13997

14.

15.

16.

17.

18

19.

Dambaya, et al, Fortune J Health Sci 2025
DOI:10.26502/fjhs.352

Journals

et al. (2010). Genome-wide mRNA expression correlates
of viral control in CD4+ T-cells from HIV-I-infected
individuals. PLoS Pathog 6: e1000781.

Power RA, Davaniah S, Derache A, Wilkinson E,
Tanser F, Gupta RK, Pillay D, de Oliveira T. (2016).
Genome-Wide Association Study of HIV Whole Genome
Sequences Validated using Drug Resistance. PLoS
One;11(9):¢0163746.doi: 10.1371/journal.pone.0163746.
PMID: 27677172; PMCID: PMC5038937.

H3Africa Consortium; Rotimi C, Abayomi A, Abimiku
A, Adabayeri VM, Adebamowo C, Adebiyi E, Ademola
AD, Adeyemo A, Adu D, Affolabi D, Agongo G, Ajayi S,
Akarolo-Anthony S, Akinyemi R, Akpalu A, Alberts M,
Alonso Betancourt O, Alzohairy AM, Ameni G, Amodu O,
Anabwani G,et al. (2014). Research capacity. Enabling the
genomic revolution in Africa. Science.;344(6190):1346-8.
doi:  10.1126/science.1251546. PMID: 24948725;
PMCID: PMC4138491.

Tekola-Ayele, F., Doumatey, A. P., Shriner, D., Bentley,
A. R., Chen, G., Zhou, J., Fasanmade, O., Johnson, T.,
Oli, J., Okafor, G., Eghan, B. A., Agyenim-Boateng,
K., Adebamowo, C., Amoah, A., Acheampong, J.,
Adeyemo, A., & Rotimi, C. N. (2015). Genome-wide
association study identifies African-ancestry specific
variants for metabolic syndrome. Molecular Genetics and
Metabolism, 116(4), 305-313. https://doi.org/10.1016/j.
ymgme.2015.10.008

Mekue LM, Nkenfou CN, Dambaya B, Fotso I, Nguefack
F, Fainguem N, Lobé¢ EE, Kuiaté JR, Ndjolo A. (2018).
Implication of five aids related genes in mother-to-child
transmission and acquisition of human immunodeficiency
virus 1 in Cameroon. Afr J Infect Dis. 13(1):1-10. doi:

10.21010/ajid.v13i1.1. PMID: 30596191; PMCID:
PMC6305080.
.Dambaya Béatrice, Nkenfou Nguefeu Céline, Mekue

Linda, Této Georges, Ngoufack Nicole Ambada Georgia,
Njiokou Flobert, Colizzi Vittorio, Ndjolo Alexis. (2019).
TRIMS5a 136Q, CCRS5 promoter 59029G and CCR2641
alleles impact the progression of HIV in children and
adolescents. The Application of Clinical Genetics:12
203-211.

Nkenfou CN, Ngoufack MN, Nguefack-Tsague G,
Atogho BT, Tchakounte C, Bongwong BT, Nguefeu-
Tchinda CN, Elong E, Yatchou LH, Kameni JK, Tiga
A, Mbacham WF, Ndjolo A. (2023). Maternal Socio-
Demographic Factors and Mother-to-Child Transmission
of HIV in the North Region of Cameroon. Int ] MCH
AIDS.12(1):e593. doi: 10.21106/ijma.593. Epub 2023
Jan 18. PMID: 36683650; PMCID: PMC9853474.

20.

21.

22.

23.

24.

25.

Volume 8 * Issue 4 | 913

Adeyemi O, Lyons M, Njim T, Okebe J, Birungi J, Nana
K, Claude Mbanya J, Mfinanga S, Ramaiya K, Jaffar
S, Garrib A. (2021). Integration of non-communicable
disease and HIV/AIDS management: a review of
healthcare policies and plans in East Africa. BMJ Glob
Health. 6(5):004669. doi: 10.1136/bmjgh-2020-004669.
PMID: 33947706; PMCID: PMC8098934.

Mulder NJ, Adebiyi E, Adebiyi M, Adeyemi S, Ahmed
A, Ahmed R, Akanle B, Alibi M, Armstrong DL, Aron
S, Ashano E, Baichoo S, Benkahla A, Brown DK,
Chimusa ER, Fadlelmola FM, Falola D, Fatumo S,
Ghedira K, Ghouila A, Hazelhurst S, Isewon I, Jung S,
Kassim SK, Kayondo JK, Mbiyavanga M, Meintjes A,
Mohammed S, Mosaku A, Moussa A, Muhammd M,
Mungloo-Dilmohamud Z, Nashiru O, Odia T, Okafor A,
Oladipo O, Osamor V, Oyelade J, Sadki K, Salifu SP,
Soyemi J, Panji S, Radouani F, Souiai O, Tastan Bishop
0. (2017). H3ABioNet Consortium, as members of the
H3Africa Consortium. Development of Bioinformatics
Infrastructure for Genomics Research. Glob Heart.
12(2):91-98. doi: 10.1016/j.gheart.2017.01.005. Epub
2017 Mar 13. PMID: 28302555; PMCID: PMC5582980.

Benjamini Y, Hochberg Y. (1995) Controlling the false
discovery rate: a practical and powerful approach to
multiple testing. J R Stat Soc Ser B 57:289-300.

Zhao WW. (2013). Intragenic deletion of RBFOXI
associated with neurodevelopmental/ neuropsychiatric
disorders and possibly other clinical presentations. Mol
Cytogenet 6, 26. https://doi.org/10.1186/1755-8166-6-26.

Lee JA, Damianov A, Lin CH, Fontes M, Parikshak NN,

Anderson ES, Geschwind DH, Black DL, Martin KC.
(2016). Cytoplasmic Rbfox1 Regulates the Expression of
Synaptic and Autism-Related Genes. Neuron. 89(1):113-
28. doi: 10.1016/j.neuron.2015.11.025. Epub 2015 Dec
10. PMID: 26687839; PMCID: PMC4858412.

O'Leary A, Fernandez-Castillo N, Gan G, Yang Y, Yotova
AY, Kranz TM, Griinewald L, Freudenberg F, Anton-
Galindo E, Cabana-Dominguez J, Harneit A, Schweiger
JI, Schwarz K, Ma R, Chen J, Schwarz E, Rietschel M,
Tost H, Meyer-Lindenberg A, Pané-Farré CA, Kircher T,
Hamm AO, Burguera D, Mota NR, Franke B, Schweiger S,
Winter J, Heinz A, Erk S, Romanczuk-Seiferth N, Walter
H, Stréhle A, Fehm L, Fydrich T, Lueken U, Weber H,
Lang T, Gerlach AL, Nothen MM, Alpers GW, Arolt V,
Witt S, Richter J, Straube B, Cormand B, Slattery DA, Reif
A. (2022). Behavioural and functional evidence revealing
the role of RBFOXI1 variation in multiple psychiatric
disorders and traits. Mol Psychiatry. 27(11):4464-4473.
doi: 10.1038/s41380-022-01722-4. Epub 2022 Aug 10.
PMID: 35948661; PMCID: PMC9734045.

Citation: Béatrice Dambaya, Georges Teto, Marcel Tongo, Laure Lemee, Elise Elong Lobe, Charlotte Tangimpundu, Guy Benoit Lekeufack,
Céline Nguefeu Nkenfou, Flobert Njiokou, Vittorio Colizzi, Simon Eyongabane Ako and Alexis Ndjolo. Genetic Variants Linked to HIV-1
Exposure in Cameroonian Children and Adolescents and Their Association to Non-Communicable Diseases. Fortune Journal of

Health Sciences 8 (2025): 903-916.


https://doi.org/10.1016/j.ymgme.2015.10.008
https://doi.org/10.1016/j.ymgme.2015.10.008

Dambaya, et al, Fortune J Health Sci 2025
Journals DOI:10.26502/fjhs.352

26. Cheng M, Zhang X, Yu H, Du P, Plumas J, Chaperot L, Su
L, Zhang L. (2015). Characterization of species-specific
genes regulated by E2-2 in human plasmacytoid dendritic
cells. Sci Rep. Jul 17;5:10752. doi: 10.1038/srep10752.
PMID: 26182859; PMCID: PMC4505321.

27.Sandholm Niina, Cole Joanne B., Viji Nair, Xin Sheng
Hongbo, Emma Ahlqvist Natalie van Zuydam Emma H.
Dahlstrom, Damian Fermin, Laura J. Smyth, Rany M.
Salem, Carol Forsblom, Erkka Valo, et al. for the GENIE
(2022). Consortium Genome-wide meta-analysis and
omics integration identifies novelgenes associated with
diabetic kidney disease. Diabetologia 65:1495-1509
https://doi.org/10.1007/s00125-022-05735-0.

28.Vardha Ismail, Linda G. Zachariassen, Anniec Godwin,
Mane Sahakian, Sian Ellard, Karen L. Stals, Emma
Baple, Kate Tatton Brown, Nicola Foulds, Gabrielle
Wheway, Matthew O. Parker, Signe M. Lyngby, Miriam
G. Pedersen, Julie Desir, Allan Bayat, Maria Musgaard,
Matthew Guille, Anders S. Kristensen, Diana Baralle.
(2022). Identification and functional evaluation of GRIA1
missense and truncation variants in individuals with
ID: An emerging neurodevelopmental syndrome, The
American Journal of Human Genetics, Volume 109, Issue
7, 2022, Pages 1217-1241,ISSN 0002-9297 https://doi.
org/10.1016/j.ajhg.2022.05.009.

29. Katrin A., Matthias A. H., Christopher P. L. (2008).
Article on TRPV6 in Breast Cancer. Molecular Cancer
Therapeutics 7(4):1000. DOI: 10.1158/1535-7163.MCT-
7-4-COR .

30. V’yacheslav L., Maylis R., and Natalia P. (2012).
The role of the TRPV6 channel in cancer J Physiol.
2012 Mar 15; 590(Pt 6): 1369-1376. doi: 10.1113/
jphysiol.2011.225862.

31.Wang Y, Deng X, Zhang R, Lyu H, Xiao S, Guo D,
Ali DW, Michalak M, Zhou C, Chen X-Z, et al. (2024).
The TRPV6 Calcium Channel and Its Relationship with
Cancer. Biology.; 13(3):168. https://doi.org/10.3390/
biology13030168.

32.LU, Weining Quintero-Rivera, Fabiola; Fan,
Yanli; Alkuraya, Fowzan S; Donovan, Diana J; Xi,
Qiongchao;Turbe-Doan,  Annick; Li, Qing-Gang;
Campbell, Craig G; Shanske, Alan L; Sherr, Elliott H et
al. NFIA. (2007). Haploinsufficiency is associated with
a CNS malformation syndrome and urinary tract defects.
In: PLOS genetics, 2007, vol. 3,n° 5, p. ¢80. doi: 10.1371/
journal.pgen.0030080.

33. Moraru A, Cakan-Akdogan G, Strassburger K, Males M,
Mueller S, Jabs M, Muelleder M, Frejno M, Braeckman
BP, Ralser M, Teleman AA. (2017). THADA Regulates

Volume 8 * Issue 4 | 914

the Organismal Balance between Energy Storage and
Heat Production. Dev Cell. 2017 Apr 10;41(1):72-81.
e6. doi: 10.1016/j.devcel.2017.03.016. Erratum in: Dev
Cell. 2017 May 22;41(4):450. PMID: 28399403; PMCID:
PMC5392496.

34. Alarcon-Granados MC, Moreno-Ortiz H, Esteban-
Pérez CI, Ferrebuz-Cardozo A, Camargo-Villalba GE,
Forero-Castro M. (2022). Assessment of THADA gene
polymorphisms in a sample of Colombian women with
polycystic ovary syndrome: A pilot study. Heliyon. 2022
Jun 6;8(6):09673. doi: 10.1016/j.heliyon.2022.e09673.
PMID: 35711992; PMCID: PMC9194581.

35.Zhang, Y., Han, S., Liu, C. et al. (2023). THADA
inhibition in mice protects against type 2 diabetes
mellitus by improving pancreatic B-cell function and
preserving B-cell mass. Nat Commun 14, 1020 https://doi.
org/10.1038/s41467-023-36680-0.

36. Sikora M, Ferrer-Admetlla A, Laayouni H, Menendez C,
Mayor A, Bardaji A, Sigauque B, Mandomando I, Alonso
PL, Bertranpetit J, Casals F. (2009). A variant in the gene
FUT9 is associated with susceptibility to placental malaria
infection. Hum Mol Genet. 2009 Aug 15;18(16):3136-44.
doi: 10.1093/hmg/ddp240. Epub 2009 May 21. PMID:
19460885.

37. Auslander N, Cunningham CE, Toosi BM, McEwen EJ,
Yizhak K, Vizeacoumar FS, Parameswaran S, Gonen N,
Freywald T, Bhanumathy KK, Freywald A, Vizeacoumar
FJ, Ruppin E. (2017). An integrated computational
and experimental study uncovers FUT9 as a metabolic
driver of colorectal cancer. Mol Syst Biol. 2017 Dec
1;13(12):956. doi: 10.15252/msb.20177739. PMID:
29196508; PMCID: PMC5740504.

38.Verma, D., Ekman, A., Bivik Eding, C., Enerback, C.,
(2018). Genome-Wide DNA Methylation Profiling
Identifies Differential Methylation in Uninvolved Psoriatic
Epidermis, Journal of Investigative Dermatology, 138(5),
1088-1093. https://doi.org/10.1016/j.jid.2017.11.036

39. Asselta R., Paraboschi E.M., Gerussi A. (2021). Cordell
Heather J, Mells George F., Sandford Richard N., Jones
David E., Nakamura Minoru. X chromosome contribution
to the genetic architecture of primary biliary cholangitis.
Gastroenterology 2021 ; 160 :2483-2495.

40.Yu Y, Dai M, Lu A, Yu E, Merlino G. (2018).
PHLPP! mediates melanoma metastasis suppression
through repressing AKT2 activation. Oncogene. 2018
Apr;37(17):2225-2236.  doi: 10.1038/s41388-017-
0061-7. Epub 2018 Feb 2. PMID: 29391600; PMCID:
PMC6450546.

41.Wang H, YuJ, Guo Y, Zhang Z, Liu G, Li J, Zhang X, Jin

Citation: Béatrice Dambaya, Georges Teto, Marcel Tongo, Laure Lemee, Elise Elong Lobe, Charlotte Tangimpundu, Guy Benoit Lekeufack,
Céline Nguefeu Nkenfou, Flobert Njiokou, Vittorio Colizzi, Simon Eyongabane Ako and Alexis Ndjolo. Genetic Variants Linked to HIV-1
Exposure in Cameroonian Children and Adolescents and Their Association to Non-Communicable Diseases. Fortune Journal of

Health Sciences 8 (2025): 903-916.


https://doi.org/10.1007/s00125-022-05735-0
https://www.researchgate.net/journal/Molecular-Cancer-Therapeutics-1538-8514?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoicHVibGljYXRpb24iLCJwb3NpdGlvbiI6InBhZ2VIZWFkZXIifX0
https://www.researchgate.net/journal/Molecular-Cancer-Therapeutics-1538-8514?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoicHVibGljYXRpb24iLCJwb3NpdGlvbiI6InBhZ2VIZWFkZXIifX0
http://dx.doi.org/10.1158/1535-7163.MCT-7-4-COR
http://dx.doi.org/10.1158/1535-7163.MCT-7-4-COR
https://doi.org/10.1113%2Fjphysiol.2011.225862
https://doi.org/10.1113%2Fjphysiol.2011.225862
https://doi.org/10.3390/biology13030168
https://doi.org/10.3390/biology13030168
https://doi.org/10.1038/s41467-023-36680-0
https://doi.org/10.1038/s41467-023-36680-0
https://doi.org/10.1016/j.jid.2017.11.036

Dambaya, et al, Fortune J Health Sci 2025
Journals DOI:10.26502/fjhs.352

T, Wang Z. (2016). Genetic variants in the ZNF208 gene
are associated with esophageal cancer in a Chinese Han
population. Oncotarget. 2016 Dec 27;7(52):86829-86835.
doi: 10.18632/oncotarget.13468. PMID: 27907911,
PMCID: PMC5349957.

42. Wang S, Wen X, Zhao R and Bai Y (2022) Genetic
Variation in the ZNF208 Gene at rs8103163 and
rs7248488 Is Associated With Laryngeal Cancer in
the Northwestern Chinese Han Male. Front. Genet.
13:813823. doi: 10.3389/fgene.2022.813823.

43.Strachan T., Read A.P. (1999). Human Molecular
Genetics. Wiley-Liss, United States. New York.

44. Hagmann M. (1999). Human genome. A good SNP may
be hard to find. Science. 285(5424): 21-22.

45. Shastry BS. (2009). SNPs: impact on gene function
and phenotype. Methods Mol Biol. 2009;578:3-22. doi:
10.1007/978-1-60327-411-1_1. PMID: 19768584.

46. Gowshall M, Taylor-Robinson SD. (2018). The increasing
prevalence of non-communicable diseases in low-middle
income countries: the view from Malawi. Int J Gen Med.
2018;11:255-264 https://doi.org/10.2147/1JGM.S157987.

47.Gorlova OY, Kimmel M, Tsavachidis S, Amos CI,
Gorlov IP. (2022). Identification of lung cancer drivers
by comparison of the observed and the expected numbers
of missense and nonsense mutations in individual human
genes. Oncotarget. 2022 May 25;13:756-767. doi:
10.18632/oncotarget.28231. PMID: 35634240; PMCID:
PMC9132259.

48. Kikutake, C., Suyama, M. (2023). Possible involvement
of silent mutations in cancer pathogenesis and evolution.
Sci Rep 13, 7593. https://doi.org/10.1038/s41598-023-
34452-w.

49. Fellay J, Shianna KV, Ge D, Colombo S, Ledergerber B,
Weale M, Zhang K, Gumbs C, Castagna A, Cossarizza
A, Cozzi-Lepri A, De Luca A, Easterbrook P, Francioli
P, Mallal S, Martinez-Picado J, Miro JM, Obel N, Smith
JP, Wyniger J, Descombes P, Antonarakis SE, Letvin
NL, McMichael AJ, Haynes BF, Telenti A, Goldstein
DB. (2007). A whole-genome association study of major
determinants for host control of HIV-1. Science. 2007 Aug
17;317(5840):944-7. doi: 10.1126/science.1143767. Epub
2007 Jul 19. PMID: 17641165; PMCID: PMC1991296.

50.Limou Sophie, Le Clerc Sigrid, Coulonges Cédric,
Carpentier Wassila, Dina Christian, Delameau Olivier,
Labib Taoufik, Taing Lieng, Sladek Rob, ANRS
Genomic Group, Deveau Christiane, Ratsimandresy
Rojo, Montes Matthieu, Spadoni Jean-Loius, Leli¢ Jean-
Daniel, Lévy Yves, Therwath Amu, Schéichter Francois,

Volume 8 * Issue 4 | 915

Matsuda Fumihiko, Gut Ivo, Froguel Philippe, Delfraissy
Jean-Frangois, Hercberg Serge, Zagury Jean-Francois,
Genomewide. (2009). Association Study of an AIDS-
Nonprogression Cohort Emphasizes the Role Played
by HLA Genes (ANRS Genomewide Association Study
02), The Journal of Infectious Diseases, Volume 199,
Issue 3, 1 February 2009, Pages 419426, https://doi.
0rg/10.1086/596067

51.LeClerc S. (2010). Analyse génome entier de la cohorte
GRIV de patients a profils extréme du SIDA. Ecole
Doctorale Arts et Metiers Chaire de Bioinformatique.
174p.

52.Chanock S.J., Manolio T., Boehnke M., Boerwinkle
E., Hunter D.J., Thomas G. (2007). Replicating
genotype-phenotype associations. Nature. 447: 655-660.
10.1038/447655a.

53.Dudbridge F., and Arief G. (2008). Estimation of
Significance Thresholds for Genomewide Association
Scans. Genetic Epidemiology. 32: 227-234. DOLIL:
10.1002/gepi.20297.

54.Pe’er 1., Yelensky R., Altshuler D., Daly M.J. (2008).
Estimation of the multiple testing burden for genomewide
association studies of nearly all common variants. Genetic
Epidemiology. 32: 381-385.

55.Hoggart C. J., Clark T. G., De Lorio M., Whittaker J. C.,
& Balding D. J. (2008). Genomewide significance for
dense SNP and resequencing data. Genetic Epidemiology.
32(2): 179-185.

56. Conrad D.F., Jakobsson M., Coop G., Wen X., Wall J.D.
(2006). A worldwide survey of haplotype variation and
linkage disequilibrium in the human genome. Nature
Genetics. 38:1251-1260.

57.Jakobsson M., Scholz S., Scheet P., Gibbs J., Jenna M.,
VanLiere Hon-Chung F. (2008). Genotype, haplotype and
copy-number variation in worldwide human populations.
Nature. Vol 451|121 February 2008|doi:10.1038/
nature06742.

58. 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. 2009 May 22;324(5930):1035-44. doi: 10.1126/
science.1172257. Epub 2009 Apr 30. PMID: 19407144;
PMCID: PM(C2947357.

59.Teo Y., Small K.S. & Kwiatkowski D.P. (2010).
Methodological challenges of genomewide association

Citation: Béatrice Dambaya, Georges Teto, Marcel Tongo, Laure Lemee, Elise Elong Lobe, Charlotte Tangimpundu, Guy Benoit Lekeufack,
Céline Nguefeu Nkenfou, Flobert Njiokou, Vittorio Colizzi, Simon Eyongabane Ako and Alexis Ndjolo. Genetic Variants Linked to HIV-1
Exposure in Cameroonian Children and Adolescents and Their Association to Non-Communicable Diseases. Fortune Journal of

Health Sciences 8 (2025): 903-916.


https://doi.org/10.2147/IJGM.S157987
https://doi.org/10.1086/596067
https://doi.org/10.1086/596067

Dambaya, et al, Fortune J Health Sci 2025
Journals DOI:10.26502/fjhs.352

analysis in Africa. Nature Reviews Genetics. 11: 149-60.

60. Bush W.S., Moore J.H. (2012). Genome-Wide Association
Studies. PLOS Computational Biology. 8(12): €1002822.
https://doi.org/10.1371/journal.pcbi. 1002822.

61.Heaton, R.K. and al. (2011). HIV-associated
neurocognitive disorders before and during the era of
combination antiretroviral therapy: differences in rates,
nature, and predictors. J. Neurovirol 17: 3—16.

62. Debaisieux, S., Rayne, F., Yezid, H. and Beaumelle, B.
(2012). The ins and outs of HIV-1 Tat. Traffic 13: 355-63.

63.El-Amine R, Germini D, Zakharova V V., Tsfasman T,
Sheval E V., Louzada RAN, Dupuy C, Bilhou-Nabera

Volume 8 * Issue 4 | 916

C, Hamade A, Najjar F, and al. (2018). HIV-1 Tat
protein induces DNA damage in human peripheral blood
B-lymphocytes via mitochondrial ROS production.
Redox Biol 15: 97-108.

64. Marino, J., Maubert, M., Mele, A., Spector, C., Wigdahl,
B. and Nonnemacher, M. (2020). Functional impact of
HIV-1 Tat on cells of the CNS and its role in HAND.
Cellular and Molecular Life Sciences. 24: 5079-5099.

65. Teto Georges, Tagomo Sob Sandra, Dambaya Beatrice,
Kamgaing Rachel, Pieme constant Anatole and Alexis
Ndjolo. (2024). The Human Immunodeficiency Virus
tat gene, its Pathogenesis and Treatment Implications.
Fortune Journal of Health Sciences. 7: 325-337.

@ This article is an open access article distributed under the terms and conditions of the
Creative Commons Attribution (CC-BY) license 4.0

Citation: Béatrice Dambaya, Georges Teto, Marcel Tongo, Laure Lemee, Elise Elong Lobe, Charlotte Tangimpundu, Guy Benoit Lekeufack,
Céline Nguefeu Nkenfou, Flobert Njiokou, Vittorio Colizzi, Simon Eyongabane Ako and Alexis Ndjolo. Genetic Variants Linked to HIV-1
Exposure in Cameroonian Children and Adolescents and Their Association to Non-Communicable Diseases. Fortune Journal of

Health Sciences 8 (2025): 903-916.


https://doi.org/10.1371/journal.pcbi.1002822

	Title 
	Abstract 
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Table 6
	Table 7
	Keywords
	Introduction
	Materials and Methods 
	Study design, setting and population 
	Data sources, Analytical processes and measurement  
	Genome-wide association analysis 
	Statistical methods 

	Results
	Summary Participant enrolment, Classification, and Genomic Sample Processed in the CBIRC HIV Pediatr
	Socio-demographic and immune-virologic characteristics of participants involved in the GWAS analysis
	Sample relatedness and principal component analysis (ancestry plot)  
	SNPs with best p values obtained in the overall study population 
	SNPs identified in perinatally HIV-1 infected participants: impact on disease progression  
	Comparison between long-term non-progressors (LTNP) versus Rapid Progressors (RP) 

	Comparison between long-term non-progressor (LTNP) and Slow Progressor (SP) 
	Comparison between Rapid Progressor (RP) and Slow Progressor (SP) 
	SNPs identified in HIV-1 perinatally infected participants: impact on disease acquisition 

	Discussion
	Conclusions
	Recommendation
	Acknowledgements
	Limitations of the Study  
	Funding
	Conflict of interest 
	References 



