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Background: HIV infection and its progression to AIDS depend on several factors
including host genetic factors. The immunological mechanisms of host
resistance to HIV infection greatly influence the prevalence of HIV in a given
region. Worldwide, Cameroon not exempted, the frequency of AIDS-associated
genes varies andmay influence this prevalence. The North and Far North Regions
of Cameroon have had the lowest HIV prevalence in the country for many years
despite risky behaviors associated with their customs and habits. In this work, we
seek to explore the contribution of host genes to the HIV low prevalence in
these regions.

Methodology: Five genes variants previously described as HIV AIDS related were
studied. These genes are: CCR5Δ32, CCR5promoter59029G, CCR2-64I, SDF1-
3ʹA and Trim5α(R136Q). A total of 384 consented participants were included in
this study. The HIV serological status was confirmed using national algorithm.
Genomic DNA was extracted from the buffy coats and used for genotyping. The
results obtained were compiled in Excel 2016, Epi Info 7.1 and snpStats software
and Chi two tests allowed us to compare the frequencies of the AIDS related
alleles in the North with those in other Regions of Cameroon and to measure the
impact of these ARGs on protection against HIV.

Results: The frequency of protective alleles CCR5Δ32, CCR5promoter59029G,
CCR2-64I, SDF1-3ʹA and Trim5α(R136Q) was the allelic frequencies should be
expressed as percentages i.e. 0.52%; 37.56%; 36.46%; 25.19% and 69.33%. These
allelic frequencies exhibited a significant difference when compared to those
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obtained in other regions of Cameroon (p < 0.01). Protective alleles were
predominant in the Northern region compared to others and were associated
with resistance to HIV [(p < 0.0001); OR = 2.02 CI, 95%].

Conclusion: The higher frequency of HIV-protective alleles in the northern regions
may be a contributing factor to the lower prevalence of HIV. Nevertheless, this
should be reinforced by other preventive and surveillance methods to guarantee
the sustained low prevalence. HIV can develop resistance through the process of
mutation, but the host targets themselves are genetically stable. The study of these
host genetic restriction factors is of great value in the design of a practical cure for
HIV infection or an effective vaccine.

KEYWORDS

AIDS restriction host genes, gene therapy, HIV, Northern Cameroon, risk factors,
surveillance

Introduction

Many years after its discovery, HIV/AIDS remains a major
public health problem worldwide. The pandemic has spread
rapidly around the world, with a peak in the number of
infections recorded in the mid-1990s (Lot, 2008). Today, HIV
pandemic is more or less under control, with an overall decline
in prevalence and new infections worldwide (UNAIDS, 2024).
Preventive measures, awareness raising and antiretroviral
treatments are helping to significantly reduce the number of new
infections each year. Current treatments aim to limit viral
replication and reduce the viral load to an undetectable level
(Ahmed et al., 2022; Abrahams et al., 2009); while controlling the
emergence of ARV drugs resistance. As a result, the life expectancy
of people living with HIV has improved significantly. Research into
HIV/AIDS has evolved, and today science already has the means to
control the infection with new-generation ARVs. While HIV/AIDS
awareness and prevention in communities have produced
satisfactory results, research into a definitive vaccine remains a
challenge for researchers. In the HIV infection process,
chemokine co-receptors (CCR5 or CXCR4) interact with
gp120 to fuse with the membrane and integrate the target cell.
Several genes have been correlated with the evolution of HIV within
populations. Antiretroviral treatment has brought many advances in
the fight against HIV, as well as improving the life expectancy of
seropositive people (Burgoyne and Tan, 2008). However, with the
emergence of resistance to ARVs, the search for new curative
technologies remains a challenge. Resistance to ARVs increases
the risk of transmission of the virus with anticipated rapid
progression of the disease to the AIDS stage because the virus
has become resistant to the treatment (Sayan et al., 2016). In
fact, studies show a mutation in the selection of viral tropism
from R5 to the more virulent R4 (Yandrapally et al., 2021). HIV-
associated genes remain a real mine of research because they
influence the mechanisms of infection in the primary stages,
pathogenesis and response to antiretroviral treatment.

In the history of HIV/AIDS, two cases of remission have been
recorded: one in Berlin and the other in London (Gupta et al., 2019;
Gupta et al., 2020a). These two patients have received through
transplantation HIV-associated resistance gene, CCR5Δ32, which has
been associated for many years as host gene for resistance to infection.
In host cell infection mechanisms, HIV recruits in addition to the

CD4 receptor, a CCR5 coreceptor to fuse with the host membrane. A
particular mutation of the CCR5 gene co-receptor to CCR5Δ32
characterized by a deletion of 32 base pairs in its coding region
prevent the virus from infecting the cell (Agrawal et al., 2004). After
biosynthesis, this mutation produces a truncated receptor that is
incapable of being recruited by HIV, so there is no infection. SDF-1
(stromal derived factor-1) is the only known ligand for CXCR4 (Sadri
et al., 2022). Binding of SDF1 to CXCR4 leads to internalization of the
receptor (Arenzana-Seisdedos, 2015). Thus, the virus with “R4″ tropism
cannot bind the receptor and therefore penetrate the target cell. In the
homozygous state, SDF1-3′A/A delays the onset of acquired
immunodeficiency syndrome (AIDS), according to a genetic
association analysis of 2,857 patients enrolled in five AIDS cohort
studies (Winkler et al., 1998). The recessive protective effect of SDF1-
3′Awas increasingly pronounced in individuals infected withHIV-1 for
longer periods, was twice as strong as the dominant genetic restriction
of AIDS conferred by CCR5 and CCR2 chemokine receptor variants in
these populations, and was complementary with these mutations in
delaying the onset of AIDS (Winkler et al., 1998). The mechanism of
resistance to HIV infection would probably be due to the blockage of
R5 tomore aggressive R4HIV-1 receptor switching leading to the AIDS
stage (Brambilla et al., 2000). Studies have shown that the SDF1-3′A
polymorphism has been associated with high plasma levels of SDF1
(Brambilla et al., 2000; Signoret et al., 1997). SDF1 induces
internalisation of CXCR4 receptors, thereby preventing the selection
mutation fromR5 to R4 tropism (Yandrapally et al., 2021; Soriano et al.,
2002). CCR2 is one of the most extensively studied genetic factors
confirmed to be linked to host resistance to HIV-1 infection. A CCR2-
64I point mutation (rs1799864) characterized by guanine substitution
leads to the replacement of the amino acid valine (V) by isoleucine (I) at
position 64 in the first transmembrane domain of CCR2. CCR2 can
also, under certain conditions, be used as a co-receptor byHIV (Soriano
et al., 2002). Numerous studies have reported that the CCR2-64I
polymorphism delays the progression of HIV-1 to AIDS by
maintaining a stable HIV viral load and a slow decline in CD4 cells
(Ammaranond et al., 2011; Juhász et al., 2012). The mechanism of
CCR2-64I protection can be explained by a direct modification of
the kinetics of infection, or by an indirect effect of the
physiological concentration of CCR2 on the availability of
CCR5 on the surface of target cells, or by a regulatory binding
imbalance in the regulatory or promotion region of this gene
(Metodiev, 2012). In addition, studies have shown that the CCR2-
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64I mutant allele forms heterodimers with CXCR4, and may
therefore impair the function of CXCR4 as a co-receptor for
X4 viruses (Burton et al., 2005). Thus, individuals in various
populations harboring CCR2-64I (Angela Covino et al., 2016),
CCR5Δ32 (Gupta and Padh, 2012), and CCR5 promoter A/G (Jang
et al., 2008) mutations are less susceptible to HIV-1 infection and
progress much more slowly to AIDS. The CCR5 polymorphism
results in the absence of cell surface CCR5 expression, whereas
the CCR2-64I gene variant confers resistance to AIDS
progression, probably due to the ability of this mutant
receptor to heterodimerize with the CCR5 and
CXCR4 receptors (Mellado et al., 1999).

Trim5α play a critical role in the primate anti-viral defence
system. Trim5α in the Rhesus monkey completely blocks HIV-1
infection whereas human Trim5α mediates a low level inhibition to
HIV-1 replication (Kim et al., 2019; Chan et al., 2014). The
mechanism of HIV-1 restriction is not fully understood.
Proposed models include binding of a multimer of Trim5α to the
incoming viral capsid that leads to premature uncoating of the
capsid or by interaction between Trim5α and the capsid with other
undefined cofactors (Sokolskaja and Luban, 2006). Using an in vitro
assay system, cells were transduced with different Trim5α missense
polymorphisms; R136Q enhanced HIV restriction while H43Y,
V112F, and G110E relaxed restriction on HIV replication or had
no effect (G249D, H419Y) (Nakajima et al., 2009; Javanbakht et al.,
2006; Goldschmidt et al., 2006; Sawyer et al., 2006).

This implies that there is a combination of genes that play a role
in the resistance to HIV infection and that these genes must be
addressed collectively.

HIV prevalence in Cameroon was estimated at 3.7% in 2018
(DHS cameroon, 2018). However, infection is unevenly
distributed across the country. The North and Far North
Regions of Cameroon have the lowest seroprevalence rates in
Cameroon, at 1.6% and 1.5% respectively (DHS cameroon, 2018)
for a national incidence rate of 0.24%. The low prevalence of HIV
infection in this region is thought to be due to genetic factors that
protect the population against infection. Cameroon is known for
its ethnic and genetic diversity (Spínola et al., 2011). AIDS-
Related Genes (ARG) genotyping studies have been conducted
in the Central and Western Regions of Cameroon, revealing
important information about the disease progression.
(Nkenfou et al., 2013; Dambaya et al., 2019; Ma et al., 2005).
However, these ARG genotyping studies have not yet been
carried out in these two northern regions of Cameroon. In
order to understand the uneven distribution of HIV
seroprevalence in Cameroon, we will compare the distribution
of ARGs and susceptibility to HIV infection in the Northern
Regions and the Central and Western Regions of Cameroon.

Material and methods

Study framework and context

The study was carried out in the Garoua and Maroua Regional
Hospitals located respectively in the North and Far North Regions of
Cameroon. Samples will be collected between 15 June 2022 and 30 July
2022, following ethical approval and consent from participants.

Sample size

The epi Info 7 calculation “STATCALC” software was used to
calculate the population size (https://www.epivf.fr/calcul_nsn.html
accessed July 2024) (Lwanga et al., 1991). We assumed that, given
the low prevalence of HIV, the population had a high frequency of
allelic ARGs of 50%, with an acceptable margin of error of 5%, 80%
of power and a confidence level of 95%.

The population size is given by the following formula:

n � z2xp 1-p( )/e2 / 1 + z2 x p 1-p( )/e2N[ ]

Where n is the sample size.

N is the estimated size of the total population.
z is the 95% confidence level,
p is 50%, the estimated proportion of ARGs in this population.
e the tolerated margin of error 5%.
That’s 384 participants enrolled.

Sampling

Inclusion criteria
-People aged between 18 and 70 of both sexes who present at the
hospital during the study;
-People who have been living in the North and Far North Regions
and are native of these regions,
-Volunteers who have signed the informed consent form.

Eclusion criteria
Individuals whose data were incomplete, whose samples could

not be analyzed due to insufficient quantity or quality, as well as
those whose HIV status was indeterminate, were excluded from
the study.

384 participants were enrolled after listening to/reading and
signing the consent form to take part in the study and completing a
questionnaire. Subsequently, 5 mL of blood in EDTA tubes was
collected from each subject, and the buffy coat was separated after
centrifuging the blood samples at maximum speed for 1 minute and
pipetting the thin whitish layer on top of the red blood cells for the
purpose of performing ARG genotyping. HIV serology tests were
carried out using the national algorithm (parallel two tests). Reactive
Determine HIV ½ tests were repeated using “KHB” test.

DNA extraction and polymerase
Chain reaction

The Buffy coats were used as a source of genomic DNA, that was
extracted using QiaAmp DNA mini kit (Qiagen S.A. Three Avenue
du Canada, LP 809, 91,974 Courtaboeuf Cedex, France), according
to the manufacturer’s instructions. DNA concentration was
measured by a nanodrop spectrophotometer (Thermo fisher,
3,411 Silverside Road Tatnall Building, Suite 100 Wilmington,
DE 19810 U.S.A.).

The CCR5Δ32, CCR5 promoter, CCR2-64I, SDF1-3ʹA and Trim
5α genetic variants in participants were determined by PCR followed
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by RFLP detection using the specific primers and restriction
endonucleases as described previously. Nevertheless, this original
protocol was optimized during our study (Nkenfou et al., 2013; Ma
et al., 2005; Kristiansen et al., 2001; Manen et al., 2008).

The amplification ofCCR5was done as follows: one cycle for 30 s at
94°C, followed by 40 cycles of 30 s, 30 s, and 1 min at 94°C, 50°C, and
72°C, respectively, followed by a final extension of 10 min at 72°C.
CCR5-promoter gene amplification was done as follows: 3 min at 94°C,
followed by 40 cycles of 30 s, 30 s, and 45 s at 94°C, 60°C, and 72°C,
respectively, and a final extension of 10 min at 72°C. CCR2 gene was
amplified in one cycle of 30 s at 94°C, followed by 40 cycles of 30 s, 30 s,
and 30 s at 95°C, 63°C, and 72°C, respectively, and a final extension of
10 min at 72°C. To detect SDF-1 gene, the amplification started with a
denaturation step of one cycle of 3 min at 94°C, followed by 40 cycles of
30, 30, and 30 s at 94°C, 58°C, and 72°C, respectively, and a final
extension of 10 min at 72°C. The amplification of Trim 5α gene
fragment was done using the following conditions: one cycle of
3 min at 94°C, followed by 40 cycles of 30 s, 30 s and 1 min at
94°C, 50°C and 72°C, respectively, and a final extension of 10 min at
72°C (Sawyer et al., 2006; DHS cameroon, 2018).

The amplified fragments were run in agarose gel with variable
percentage (1%–1.5%) depending on the fragment size, previously

stained with ethidium bromide, and visualized under ultraviolet
light. The above-mentioned gene fragments size and their specific
primers are presented in (Table 1).

Genotypic analyses
Genotyping was carried out with the use of restriction fragment

length polymorphism (RFLP) method except for the CCR5-Δ32
deletion based on the respective restriction enzyme sites in the four
amplified (PCRs) products of CCR5 promoter, Trim 5α, CCR2 and
SDF1 as described previously, (Table 1). The restriction enzymes
used in this work were purchased from Thermo Fischer and used
according to manufacturer instructions.

Statistical analyses
Allele and genotype frequencies and the Hardy-Weinberg

equilibrium (HWE) were evaluated using SNPstats software (snpStats).
All alleles achieved HWE. The differences in the allele frequency of each
genetic variant between and within the distinct groups of HIV-1
seronegative and HIV-1 seropositive individuals in Northern and
Central, West, and other Cameroon regions were determined by Chi-
square or Fisher exact test when indicated. To estimate the association
between ARG polymorphisms and participants’ serology, we used several
inheritancemodels (codominant, dominant, recessive, overdominant and
additive). For each ARG, odds ratios (OR) and 95% confidence intervals
(CI) were calculated using logistic regression analysis.

p-values were calculated, and p < 0.05 was considered
statistically significant.

Ethical considerations
TheNational Ethics Committee reviewed the protocol for ethical

consideration and approval was given under N°2021/06/85/CE/
CNERSH/SP. Informed consent or assent/parental consent form
was signed when applicable by all the participants before enrolment.
As well, this study was conducted in accordance with the
Declaration of Helsinki (WMA).

Results

A total of 384 participants were enrolled, regardless of
gender, with a mean age of 31.25 years and a standard

TABLE 1 Primers used and expected fragments size of studied genes.

Gene variants Primers’ sequences AS (pb)
(ESED (bp))

Enzymes References

CCR5Δ32 5′-CTTCATCATCCTCCTGACAATCG-3′
5′-GACCAGCCCCAAGTTGACTATC-3′

262 or 230 (NA) None Kristiansen et al. (2001), Köksal et al. (2021)

CCR2-64I 5′-GGATTGAACAAGGACGCATTTCCCC-3′
5′-TTGCACATTGCATTCCCAAAGACCC-3′

380 (380, 215, 165) Fok I Nkenfou et al. (2013), Köksal et al. (2021)

SDF1-3′A 5′-CAGTCAACCTGGGCAAAGCC-3′
5′-AGCTTTGGTCCTGAGAGTCC-3′

302 (302, 202, 100) Msp I Nkenfou et al. (2013), Kristiansen et al. (2001)

Trim5α(138Q) 5′-ATGGCTTCTGGAATCCTGGTTAATG-3′
5′-CCCGGGTCTCAGGTCTATCATG-3′

526 (526, 405, 121) Ava I Dambaya et al. (2019)

CCR5proA/G 5′-TGGGGTGGGATAGGGGATACTGTATT-3′
5′-GAAGGCGAAAAGAATCAG-3′

498 (498, 435, 45) Bsp 1286 I Nkenfou et al. (2013), Nkenfou et al. (2021)

AS, is amplicon size; ESED, expected size after enzyme digestion.

TABLE 2 Socio-demographic characteristics of the study population.

Men Women p-value

Participants 181 (47.14) 203 (52,86%) 0.8

Average age 31.74 30.84 0.77

Religion
• Muslim
• Christian

65
116

66
137

> 0.42

Level of education
• University
• Secondary
• Primary/Coranic
• Illiterate

91
58
29
3

93
70
30
10

> 0.5

Marital status
• Married
• Single
• Divorced/widowed
• Cohabitation

79
01
04
97

98
15
09
81

0.7
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deviation of 10.2 years. Table 2 presents the sociodemographic
characteristics of the study population. The most common age
group was between 18 and 35 years. Females comprised n = 203
(52.86%) of the subjects in our study population compared to n =
181 (47.14%) males, a ratio of 1.1 in favor of females. The overall
HIV prevalence in this study population was 1.63%. Some
participants admitted to having had a sexually transmitted
infection such as syphilis (n = 21), gonorrhea (n = 37) and
chlamydia (n = 12).

Distribution of the five genes variants in the
study population

In the overall population, CCR5Δ32 double mutation
(homozygote mutants) was completely absent in the study
population and 1.04% for heterozygous genotype. The double
mutation G/G of CCR5 promoter was frequent at 66.93%, with
20.83% for heterozygous genotype.

SDF1-3ʹA double mutation was 2.08%, and the heterozygous
genotype was present at 97.92%.

Homozygous wild type for SDF1-3ʹA were absent. The double
mutation of Trim5α Q136 was 61.72% (Table 3).

The heterozygous genotype for the CCR5-Δ32 mutation was
present in our study population although rare or absent in Africa
according to several data. This genotype was found in theMoundang
(n = 3) and in a Massa (n = 1) tribes in our study population. These
two ethnic groups share the same department of origin. It is
therefore possible that the homozygous CCR5-Δ32 mutation is
present in this locality.

Distribution of genetic variants according to
serological HIV status in the study
population

The most represented alleles for CCR5 variant was the wild type
(wt), for CCR5p59029 variant it was CCR5p-59029A; for Trim5α, it

was Trim5α (136Q); for CCR2 variant the major allele was CCR2-64I
and for SDF1 it was SDF1-3′A.

Trim5α(136Q) (OR = 3.3 [CI, 95%; 2.74–3.85]), SDF1-3ʹA (OR =
2.2 [CI, 95%; 1.52–2.87]) and CCR5p-59029A (OR = 2.6 [CI, 95%;
1.98–3.22]) may be strongly associated with resistance to HIV
infection. Meanwhile, CCR2-64I (OR = 1.7 [CI 95%; 0.93–2.47])
and CCR5Δ32 (OR = 1.3 [ 95% CI; 0.42–2.18]) were less strongly
associated with HIV infection (Table 4).

The search for a simple association between the presence of an
ARG and the onset of HIV using SNPstats online software enabled
us to show the protective effect of Trim 5α(136Q) (p < 0.0001)
CCR5 Promoter 59029 G (p < 0.001), CCR2-64I (p = 0.022) and
SDF1-3ʹA (p < 0.001). In addition, the combination of these ARGs
showed a more pronounced protective effect against HIV
acquisition (p < 0.00001).

ARG frequency comparison between
northern regions and other regions
of Cameroon

Multitude of studies on ARGs have been conducted in various
regions of Cameroon. It was important to compare the allelic
frequencies of the ARGs studied to those of other regions, as in
Cameroon HIV prevalence va ries according to regions (see
Figure 1). The study revealed a significantly higher prevalence of
protective gene variants in the study region compared to other
regions in Cameroon. Table 5 presents the distribution of ARG
frequencies in other parts of the country in comparison to the
northern Regions of Cameroon.

Hardy-weinberg equilibrium
The overall analysis of genotype data did not show any deviation

from the Hardy-Weinberg expected frequency, the χ2 tests showed
that all genes’ loci in HIV infected or uninfected are in equilibrium
(p = 0.48). The observed genotype frequencies had no significant
difference from the frequencies expected in each group, indicating
that the five alleles are effectively in genetic equilibrium.

TABLE 3Distribution of genotypes and frequencies of ARGs protective allele (CCR5Δ32, CCR2-64I, SDF1-3ʹA, CCR5 Promoter 59029G and Trim 5α(138Q)) in
the study population.

Gene variants Genotypes N Genotypes frequencies (%) Frequency of protective allele (%)

CCR5 Δ32 Wt/wt
Wt/Δ32
Δ32/Δ32

380
04
00

98.96
1.04
0.0

0.52

CCR2-64I 64V/64 V
64V/64I
64I/64I

49
260
75

12.76
67.71
19.53

36.46

SDF1-3′A 3′G/3′G
3′G/3′A
3′A/3′A

42
327
15

10.94
85.16
3.9

25.19

CCR5promoter59029G A/A
A/G
G/G

47
257
80

12.24
66.93
20.83

37.56

Trim5α (136Q) R136/R136
R136/Q136
Q136/Q136

12
141
231

3.12
36.72
60.16

69.33

Abbreviations: wt, wild type: The allelic frequencies calculated here are for the protective allele (CCR5-Δ32, CCR5 promoter 59029G, CCR2-64I, SDF1-3ʹA and Trim5α (136Q).
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Discussion

The overall prevalence of HIV infection in this study was 1.82%.
This prevalence was not statistically different from that published by
the DHS in 2018 (p = 0.88), namely, 1.5% and 1.6% for the North
and Far North regions of Cameroon (DHS cameroon, 2018). The
northern regions have a high proportion of Muslims, and polygamy
is permitted within this religious tradition. In light of the resurgence
of other sexually transmitted infections (STIs) in Cameroon
(Nkenfou et al., 2018), which are known to be risk factors for
HIV, there is a potential for an increase in the transmission of HIV.

This contributes to the elevated prevalence of hepatitis B in these
regions, which can be attributed to customary practices of sharing
food items, such as eating from the same dish. Furthermore, a
comparable study conducted by Mboppi and colleagues in a district
of southern Cameroon indicated that muslim religion was associated
with a high prevalence of sexually transmitted infections (STIs) and
HIV infection (Mbopi-Keou et al., 2014). It is likely that these
factors, including polygamy, early marriage, low rates of condom
use, and poverty, may contribute to the high prevalence of STIs and
HIV in this region. In addition, our study was carried out in hospital
settings and not in the community. In addition, these regions have
been subjected to armed conflict for an extended period, resulting in
an influx of refugees (BANQUE MONDIALE). This could
potentially compromise the resilience of the health system and
contribute to an increase in HIV cases (Mishra et al., 2021).

The genotypes for the mutant CCR5Δ32 gene were 98.96%,
1.04% and 00% respectively for wild-type, heterozygous and
homozygous mutants, with an allelic frequency of the protective
gene of 0.52%. This distribution corroborates several studies
conducted in Cameroon and Africa where the Δ32 mutation is

TABLE 4 Distribution of the genotypes of the 5 AIDS related genes variants in the study population according to HIV status.

Gene variants Genotypes HIV status Odds ratios CI, 95%

HIV- HIV+

CCR5 Δ32 Wt/wt
Wt/Δ32
Δ32/Δ32

373
04
00

07
00
00

1.3 [0.42–2.18]

CCR2-64I 64V/64 V
64V/64I
64I/64I

47
256
74

02
04
01

1.7 [0.93–2.47]

SDF1-3′A 3′G/3′G
3′G/3′A
3′A/3′A

08
369
00

05
02
00

2.2 [1.52–2.87]

CCR5promoter 59029G A/A
A/G
G/G

41
256
80

04
03
00

2.6 [1.98–3.22]

Trim5α (136Q) R136/R136
R136/Q136
Q136/Q136

07
139
231

05
02
00

3.3 [2.74–3.85]

wt, wild type.

The odds ratio for HIV, infection is measured by taking into account the allelic frequency of the wild-type gene compared with mutant variants of the same gene. The greater the odds ratio

(greater than 1), the stronger the protective effect of the gene, and vice versa.

FIGURE 1
Cameroon map showing the distribution of HIV prevalence
according to regions in 2020. https://phia.icap.columbia.edu/wp-
content/uploads/2017/02/CAMPHIA-Summary-Sheet-EN_ARV-
adjusted_Feb2020.pdf.
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very rare or even absent (Nkenfou et al., 2013; Dambaya et al., 2019;
Ma et al., 2005; Nyambi et al., 2002). However, studies conducted in
Cameroon have demonstrated that this mutation is completely
absent in the Central, Western, and Eastern Regions. The
presence of the mutant and protective allele at a frequency of
0.5% in this region may explain the low HIV prevalence
observed. In host cell infection mechanisms, HIV recruits a
CCR5 coreceptor in addition to the CD4 receptor to fuse with
the host membrane (Kassaye et al., 2009; Weichseldorfer et al.,
2022). This specific mutation of the CCR5 co-receptor gene,
designated CCR5Δ32, is characterized by a deletion of 32 base
pairs in its coding region. This mutation results in the
production of a truncated receptor that is incapable of being
recruited by HIV, and hence of infection. The CCR5 Δ32
mutation confers strong host resistance to HIV infection (Angela
Covino et al., 2016). Indeed, the Berlin patient and London patient
have achieved long-term remission of HIV following bone marrow
transplants from donors with the CCR5Δ32 mutation
(homozygotes) (Gupta et al., 2019; Ding et al., 2021; Prator et al.,
2020; Jilg and Li, 2019; Gupta et al., 2020b). Given its role in the
pathogenesis of HIV infection, this mutation represents a target for
antiretroviral drugs. Additionally, there is hope of a vaccine (Ensoli
et al., 2021) or gene therapy (Li et al., 2022; Kaminski et al., 2016).
Although this mutation is rare or absent in Africa, it is generally
present in populations living in ethnically homogeneous
communities, such as Caucasian populations or the Vlachet
Gypsies of Hungary (Juhász et al., 2012; Ongadi et al., 2018).
This observation may provide an explanation for the presence of
this genotype in the Moudang and Massas, who live in ethnically
homogeneous communities.

CCR2-64I frequency was 12.76%, 67.71% and 19.53% for wild-
type, heterozygous and mutant genotypes respectively with an allelic
frequency of the protective mutation of 36.46% (Table 5). The allelic
frequency of the CCR2-64I genotype is statistically similar to those
studied in 7 ethnic groups in Cameroon, where the proportion
ranged from 10.8% to 31.3% (Ma et al., 2005). In a population of
children and adolescents living with HIV in the Central Region, the

heterozygous CCR2-64I genotype was found in 10.25%, 48.93%, and
80% of rapid progressors (RP), slow progressors (SP), and long-term
non-progressors (LTNP), respectively, with a significant difference
between rapid progressors and slow progressors (p = 0.0001) and
slow progressors and long-term non-progressors LTNP (p = 0.0002),
suggesting a protective effect of the mutant allele (DHS cameroon,
2018). The same study showed that the homozygous CCR2-64I
protective gene was present only in slow progressors at 2.12%
compared with 19.53% in our study (p = 0.003). Moreover, the
homozygous CCR2-64I protective gene was present at 17.6% in the
study conducted by Nkenfou et al., in 2013 in the West Cameroon
Region (Sawyer et al., 2006). Studies around the world have shown
the protective effects of this mutation in the acquisition or
progression to the AIDS stage certain populations (Köksal et al.,
2021; Apostolakis et al., 2005; Farissi et al., 2020). Nevertheless, a
study conducted in Korea demonstrated that this mutation is
associated with a rapid progression to AIDS or death, contingent
on the stage of HIV infection and interactions with other genetic
variants (Choi et al., 2007).

The frequencies observed for the SDF1 genotypes were 10.94%,
85.16%, and 3.9%, respectively, for wildtype, heterozygous, and
mutant genotypes. The allelic frequency of the SDF1-3′A
protective mutation was 25.19%, which was significantly higher
than in studies carried out in the Western and Central Regions or in
seven ethnic groups in Cameroon (p < 0.001) (Nakajima et al., 2009;
Javanbakht et al., 2006; Goldschmidt et al., 2006). SDF1 codes for a
ligand of the CXCR4 receptor, and its presence is linked to either
delayed progression of AIDS or rapid progression of the disease and
death. Additionally, it has been shown to influence the onset of
known neurodegenerative diseases (Guerini et al., 2008). SDF1 is a
ligand of the CXCR4 receptor that has been demonstrated to
influence the progression to the AIDS stage. The SDF-1 gene is
distinguished by the substitution of guanine for adenine at position
801 at the 3′untranslated end of the SDF-1 gene (Agrawal et al.,
2004). The global, regional, and ethnic frequency distributions of
SDF1 genotypes and the SDF1-3′-A allele exhibit considerable
variability (Reiche et al., 2006; Modi et al., 2005; Ding et al.,

TABLE 5 Comparison of ARG frequencies between the Northern Regions and other Regions of Cameroon.

ARG genes
variants

Alleles Allelic frequencies in some Regions of Cameroon (%) p-value

West
N = 179
(Nkenfou et al.,
2013)

Other Regions
N = 570
(Dambaya et al.,
2019)

Adamawa
N = 217
Unpublished
data

Center
N = 96
Nkenfou
et al. (2021)

Northern
N = 384

CCR5 Δ32 Δ32 00 00 00 00 0.52 <0.01x,y,z,t

CCR2-64I 64I 17.6 1.78 4.15 15.30 36.46 <0.01x,y,z,t

SDF1-3′A 3′A 27.93 5.35 15.66 24.71 25.19 <0.01 y,z; =
0.22xt

CCR5pro59029G G 49.7 20.84 NA 26.30 37.56 = 0.83a; =
0.03y; 0.019t

Trim5α (136Q) 136 Q NA 42.26 NA NA 69.33 <0.0001 y

a,y,z,t represents the p-value comparing frequencies in West, others Regions within Northern, Adamawa and Center versus Northern Cameroon. statistically, genes associated with resistance to

HIV, infection such as Trim5α (Q136/Q136); SDF1-(3′A/3′A); CCR2(64I/64I); CCR5(Wt/Δ32) were significantly more frequent in northern Cameroon. The Adamawa region shares the most

cultural and geographical similarities with the other two regions of northern Cameroon. however, the prevalence rates in the regions of northern Cameroon compared to Adamawa are

statistically higher p < 0.001. The frequency of ARGs, could explain this seroprevalence.

NA: Not available.
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2018). Although this mutation rate is significant, it is within the
range found in most studies conducted in Africa and around the
world over the years (Su et al., 1999; Tan et al., 2010).

The frequencies of 59029 A/G CCR5 promoter genotypes were
12.24%; 66.93%; 20.83% for wildtype, heterozygous andmutant. The
mutated promoter gene, with an allele frequency of 37.56%, was
significantly higher than that observed in other studies in Cameroon
(p < 0.08). The CCR5-G59029 allele is characterized by a substitution
of A-G in the promoter region, resulting in decreased promoter
activity and reduced coreceptor expression (Mehlotra et al., 2015).
Individuals homozygous for the CCR5-G59029 gene progress to
AIDS on average 3.8 years slower than individuals heterozygous for
CCR5A59029 (Gornalusse et al., 2015). In fact, some recent data
show regulation of CD4+ T lymphocyte apoptosis induced by
expression of genes for this co-receptor in patients infected with
HIV (Joshi et al., 2017). More specifically, the CCR5-A59029
mutation has been shown to slow down chemokine co-receptor
gene expression by inhibiting the recruitment of transcription
factors (Jiang et al., 2011) or insensitive to transcriptional
activation by HIV (Gornalusse et al., 2015). The presence of this
mutation could perhaps explain the low prevalence of HIV in these
two regions of Cameroon, in line with other studies conducted
worldwide (Mehlotra et al., 2015; Rathore et al., 2009; Coloccini
et al., 2014).

The frequency of genotypes of Trim5α gene was 3.12%,
36.72%, and 60.16% for wild-type, heterozygous, and mutant
genotypes, respectively, with an allelic frequency of 69.33%. This
mutation was significantly higher in the northern population
compared to the central population where the allelic frequency
was 42.26% (p < 0.001) (Javanbakht et al., 2006). The tripartite
interaction motif 5α (Trim5α) is recognized as an inhibitory
factor blocking infections by retroviruses such as HIV. It is a
factor that can interact with RNA just after decapsidation,
forming an addressed proteasome capable of being recognized
and digested (Kim et al., 2019; Anderson et al., 2006). This
genotype has been identified in several studies as an innate
factor restricting HIV infection (Gupta and Padh, 2012; Jang
et al., 2008). This mutation could also be associated with the low
prevalence of HIV in these two regions of Cameroon.

Overall, protective ARGs interact directly with HIV during the
early stages of infection. Their natural antiviral activities are more
effective when these genes are present in the majority of individuals
in a given population. While homozygous CCR5Δ32 individuals are
protected against viral infection, heterozygotes progress very slowly
towards the AIDS stage. So the more an individual has a variety of
protective genes, the more the infection is inhibited and the
progression of the disease to AIDS is slowed.

The slow progression of infection to the final stage has
implications for the rate of spread and prevalence of HIV. In
fact, the rapid progression of HIV to the final stage has been
associated with an increase in virulence and pathogenicity
(Coloccini et al., 2014; Anderson et al., 2006). In HIV + patients
in the AIDS stage, viral tropism has evolved from R5 to R4 or both,
meaning that the virus can infect a wide range of immune cells with
an increased viral load (Naif, 2013), which favors transmission. HIV
transmission depends on donor viral load, viral tropism, and host
immunity, among other factors (Anderson et al., 2006; Fraser et al.,
2014). Thus, a more virulent transmitted virus will evolve more

rapidly in a population that does not have strong immunogenic
resistance.

It is important to consider the potential implications of
conducting a gene therapy clinical trial in a population that does
not have a high frequency of protective genes (ARGs) (Casado et al.,
2020). This could result in immunological pressure on the virus,
which may lead to viral escape through a change in tropism, from
R5 to R4 or R5/R4, or even CCR2 (Islam et al., 2021). Indeed, the
potential for viral escape has implications beyond mere therapeutic
failure. More significantly, it could result in the selection of
pathogenic and virulent mutations (Arif et al., 2017; Johnson
et al., 2022). It is therefore suggested to conduct a clinical trial
on a population with a high allelic frequency of protective genes. The
current HIV treatments are designed to limit viral replication;
however, stopping them immediately results in a rebound in viral
replication (Bailón et al., 2022; De Scheerder et al., 2019). Gene
therapy, as evidenced by the London and Berlin patients, mimicking
this using the CRISPR-Cas9 system in a population that is already
resistant to HIV infection, could prove to be a viable solution.

The data provided by ARGs are of interest for gene therapy
planning because it would be more interesting and effective to
conduct clinical trials in a population with a high frequency of
protective genes. Modern gene therapies use gene-editing molecular
scissors such as the CRISPR-Cas9 system (Bhowmik and Chaubey,
2022; Akram et al., 2023) or ZFN (Didigu et al., 2014; Ishida, 2020).
These molecular scissors can be used to induce CCR5Δ32 or
CCR5proA/G mutations in a population at risk but with a high
frequency of other protective genes. However, given the security
problems that have prevailed in these regions of northern Cameroon
for several years, the influx of refugees (BANQUE MONDIALE)
could affect the gene pool by altering the Harding-Weinberg
equilibrium of protective ARGs. Three hypotheses may be
posited regarding the potential impact of the influx of refugees
on the genetic structure of ARGs in these regions. The initial
hypothesis is that the refugees will reduce the allelic frequency of
the ARGs prior to the commencement of a clinical trial. The
consequence would be a high probability of viral escape,
therapeutic failure, and, at worst, a selection mutation. The
second desirable scenario would be to carry out the same study
in refugee populations, to measure the allele frequency of ARG genes
before a clinical trial. The third hypothesis is probable that the
genetic impact of refugees will be insignificant, given that they
exhibited comparable socio-cultural traits to those of the
northern Cameroon.

The therapeutic potential of gene therapy will be the subject of
several studies over the coming years. The objective is to describe the
genetic structure of the entire target population and the associated
immuno-genetic mechanisms in several scenarios.

Limits of the study

The size of our study population was not large enough. A larger
study would yield more conclusive results by incorporating ethnicity
as a variable.

HLA-B gene variants, particularly HLA-B27 and HLA-B57
(Loffredo et al., 2009), have been demonstrated to exhibit
resistance to HIV in individuals who possess these variants.
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Further investigation into the role of additional genetic factors, such
as HLA genes, as well as defensins gene (Lafferty et al., 2017), KIR
(Carr et al., 2007), APOBEC3′A (McDonnell et al., 2021), and others
(He andWu, 2019) (miRNA through epigenetics), in HIV resistance
would be of significant interest.

Conclusion

The aim of this study was to understand the low prevalence of
HIV in the North and Far North regions of Cameroon. It seems that
the five genes associated with HIV infection (CCR5Δ32, CCR2-64I,
SDF1-3ʹA, CCR5 promoter 59029 A/G and TRIM 5α138Q) could
explain the low prevalence of HIV infection in these two regions.
These genes were found at a higher frequency in these two regions
compared to the other regions of Cameroon and can explain the low
prevalence of HIV in the North of Cameroon. Knowing that HIV
infection is the result of a combination of factors, monitoring of the
epidemic should be continuous and even intensified, given the
frequent displacement of refugees due to political insecurity,
which can weaken the health system and jeopardize efforts to
eliminate HIV.

In the perspectives of our work where we will be looking for
mutation CCR5Δ32 in Moudang and Massa ethnic groups.
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