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Abstract

Antiretroviral therapy (ART) improves HIV survival. However, as ART programs expand in
resource-limited settings like Cameroon toward UNAIDS 95-95-95 goals, monitoring drug
resistance is critical. This study investigated HIV-1 subtypes and resistance mutations in Yaoundé,
Cameroon. From 2017 to 2021, 231 HIV-positive individuals (treatment-naive and ART-
experienced patients with virological failure [viral load >1,000 copies/mL]) were enrolled across
five clinics. Plasma samples were sequenced for reverse transcriptase (RT) and protease (PR)
genes. Participants were predominantly female (67.5%), aged 21-35 years. Over half (58.5%)
received ART (median duration: 6 months). High median viral load (536,263 copies/mL)
indicated poor suppression. CRF02_AG dominated (64.5%), followed by A1 (11.7%) and G (6.9%).
Resistance mutations were detected in 18.2% of ART-experienced and 13.4% of treatment-naive
participants, indicating acquired and transmitted resistance. NNRTI resistance occurred in 6.1%
(ART-experienced) and 1.3% (naive); NRTI mutations were rare (0.4%). Key mutations included
M184V (NRTI) and K103N (NNRTI). Protease inhibitor (PI) resistance was prevalent (19.5%),
with 154V most common. Notably, PI resistance was detected in treatment-naive individuals.
CRF02_AG dominance and high resistance rates underscore challenges to ART efficacy. Significant
PI resistance in untreated patients suggests transmission of resistant strains. These findings
highlight urgent needs for enhanced resistance surveillance and optimized ART strategies in
Cameroon.

Keywords: First-line antiretroviral therapy, HIV-1 drug resistance, viral subtype, transmitted
drug resistance, Centre, Transversal study

INTRODUCTION

Human immunodeficiency virus (HIV) infection is a
global health problem affecting approximately 38 million
introduction of

people worldwide 1. Since the

replication below the detection limit, there is growing
evidence that treatment programs in resource-limited
settings can obtain results comparable to those of
developed countries 2. Antiretroviral therapy ultimately
offers the greatest potential for immune reconstitution.

antiretroviral therapy (ART), the goal is to suppress HIV
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Despite the increasing availability of antiretroviral (ARV)
drugs, genetic diversity has posed a major challenge to
the overall management of HIV infection. The use of
highly active antiretroviral therapy (HAART) has been
shown to be very effective, but treatment failure remains
a common phenomenon among patients. In addition to
adherence issues 3, the emergence of drug-resistant
variants has been identified as a major barrier to the
effectiveness of antiretroviral therapy (ART) and as one
of the main causes of treatment failure .

The emergence of drug resistance variants of HIV-1 has
been attributed to mutations within the HIV-1 pol genes
that encode the molecular targets of major antiretroviral
drugs >. A number of factors are thought to contribute to
the acquisition of drug resistance in Africa, including lack
of plasma viral load monitoring ¢, drug interactions 7,
treatment interruptions due to drug stock-outs 8 and the
use of substandard antiretroviral regimens °. Available
data show that the efficacy of ARV therapy is also
influenced by viral subtype and pre-existing mutations 1%
11, Additionally, it has been postulated that drug
resistance pathways may be affected by pre-existing
polymorphisms among different HIV-1 subtypes 12.

Following the revision of treatment guidelines by the
WHO, first in 2010 13, 2013 14 and most recently in 2016
15, it is now recommended that infected people start
antiretroviral treatment, regardless of or the WHO
clinical stage and the number of CD4 cells, contrary to
what was the case before 2010 (<200 cells/mm3). This
has dramatically increased the number of patients
starting first-line ART. There are concerns that resistance
to antiretroviral drugs among people on treatment could
spread to those newly infected and compromise current
regimens, which would lead to early treatment failure in
people on ART. Adequate knowledge of drug resistance
mutations and polymorphisms in the reverse
transcriptase and protease gene of circulating strains is
therefore necessary to help optimize the selection of
treatment regimens and limit the acquisition of cross-
resistance. This study was conducted with the aim of
establishing the prevalence of drug resistance mutations
in HIV-1 infected patients seeking care and treatment.

MATERIALS AND METHODS
Study design and population

This study was conducted between 2017 and 2021 at five
routine HIV care and treatment clinics (CTC) (Obala
district hospital, Djoungolo district hospital, Efoulan
district hospital, Cité verte district hospital and Yaoundé
central hospital) located in the Centre Region of
Yaoundé, Cameroon. We employed a non-probability
convenience sampling method whereby patients with
suspected virological failure, who were attending these
clinics, were enrolled based on their accessibility
throughout the study period.

Participant enrolment and sample collection

After providing informed consent (or assent where
applicable, depending on the participant’s age of 21
years), participants were assessed against the following
inclusion criteria: 1) confirmed positive HIV status; 2)
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suspected virological treatment failure, defined as having
a viral load >1000 copies/mL at any time during their
treatment; and 3) acceptance to participate in the study
by providing informed consent or assent.

From 231 enrolled participants, baseline plasma samples
were collected. For each participant, whole blood was
collected in two EDTA tubes of 4 ml each by
venipuncture, and plasma was separated by
centrifugation at 2000 g for 10 minutes. Plasma aliquots
of 1 ml were prepared and stored at -80°C until further
analysis. This cohort included both treatment-naive and
previously treated patients experiencing suspected
virological failure.

Sample size

A total of 231 baseline plasma samples were collected
and analysed from participants meeting the inclusion
criteria. This sample size was determined by the number
of eligible patients with suspected virological failure who
were conveniently accessible and consented to
participate during the study period between 2017 and
2021.

Viral load measurement

Viral load of the 231 clinical specimens was determined
in the diagnostic labs of the Max von Pettenkofer
Institute Virology department according to their
accredited routine diagnostic procedures using the
Abbott m2000sp/rt system and the Abbott RealTime
HIV-1 assay (art. no. 02G31-010). Accordingly, two parts
(ca.1053 and 785 nucleotides long) of the pol gene of 231
samples with a sufficient viral genome copy number
were amplified via nested PCR and analyzed by
Sanger sequencing.

Treatment failure (TE) was defined as PVC = 1000 HIV-1
RNA copies/ml; plasma samples from study participants
who underwent VF were designated for HIV-1
sequencing for DRM detection and for viral subtyping.

Drug Resistance Testing

RNA extraction and amplification: Viral RNA is
extracted from 140 pl of plasma or serum using the
QIAamp Viral RNA Mini Kit (AM-MO0-136). For viral loads
below 2000 copies/ml, up to 2 ml of material is
centrifuged at 25,000 x g for 60 minutes at 4°C. The
supernatant is discarded except for 140 pl, and the pellet
is resuspended in the remaining plasma. RNA extraction
then follows the manufacturer’s protocol. Reverse
transcription is performed using the SuperScript III One-
Step RT-PCR System with Platinum Taq Polymerase.

Sequencing of the samples: The ANRS AC11 protocol
was used for the amplification and sequencing of the
protease (PR) and reverse transcriptase (RT) regions of
HIV-1, using the GeneAmp PCR System 9700 thermal
cycler [17]. Briefly, amplification was performed using
the Titan One version 13 RT-PCR kit (Boehringer
Mannheim, Manneheim, Germany), with first-round PCR
using primers amplifying 941 bp of RT (M]J3/M]4) and
653 bp which encompasses the entire RA region
(5'Prot1/3'Prot1). Second-round (nested) PCR was
performed with A35/NE(1)35 primers spanning 731 bp
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of RT and 5'prot2/3'prot2 primers spanning 507 bp
which encompasses the entire PR region. The other outer
primers used for RT were RT18/RT21 and for PR
5'eprB/3’eprB, while the other nested primers were
RT1/RT4 for RT and 5'prB/3'prB for regions of PR.
Primer sequences are provided in Supplementary File 1.

Revelation of PCR products was performed by 4%
ethidium bromide agarose gel electrophoresis, with a
predicted size of 731 bp for RT and 507 for PR, including
positive and negative controls along a molecular scale
(Tacklt™ @X174 RF DNA/Hae III Fragment). The
amplicons were purified by PCR using the NucleoFast®
96 PCR (Macherey-Nagel).

In accordance with the ANRS AC11 protocol, the HIV-1
PR-RT was sequenced using deoxyterminator
overlapping primers [17]. The sequences were purified
using Sephadex G-50 resin, and identified after capillary
electrophoresis on an Applied Biosystem (ABI) "3130"
genetic analyzer.

Interpretation of HIV-1 drug resistance: According to
the sequencing protocol used [17], the HIV-1 DRMs were
interpreted according to the FastSeq50_Pop7_1
algorithm (http://www.hivfrenchresistance.org/).
Viruses with a mutant, or a mixture of wild type and
mutant, at the one amino acid position were considered
to have the resistant variant. Patients were considered
carriers of wild-type virus if their viral load was < 1000
RNA copies/ml (virological success) or with a non-
amplifiable sample.

Drug resistance analysis: We evaluated clinically
relevant resistance to nucleoside reverse transcriptase

RESULTS
1. Socio-demographic and virological parameters

Table 1: Basic characteristics of study participants
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inhibitors (NRTIs), non-nucleoside reverse transcriptase
inhibitors (NNRTIs), or protease inhibitors (PIs) using
the Stanford University HIV Drug Resistance Database
Genotypic Resistance Interpretation Algorithm (version
8.8) and the International Antiviral Society Drug
Resistance Mutation list [16]. The degree of drug
resistance to each antiretroviral drug was categorized as
susceptible, potential low-level resistance, low-level
resistance, intermediate resistance, or high-level
resistance.

Statistical analysis

Data were processed using the version of R. The chi-
square test was used to analyze categorical data on TE by
ART regimens, including 95% CI, with a P < 0.05
considered  statistically  significant. = Spearman's
correlation was used for quantitative data on treatment
failure outcomes obtained with the two different
instruments, with R = 0.8 considered a strong positive
correlation.

Ethical Considerations

We conducted this study in accordance with the ethical
principles outlined in the Declaration of Helsinki and
received ethical approval from the Cameroon National
Ethics Committee for Research on Human Health (Ref. N°
2016/03/727/CE/CNERSH/SP), along with
administrative authorization from the Regional Delegate
of Public Health of the Center Region. All participants
provided written informed consent or assent (depending
on age) prior to their enrolment in the study.
Confidentiality of participant data was maintained
throughout the study.

Parameters Effective (n=231) Percentage (%)
Sex Female 156 67.53
Male 75 32.47
Age group [21-35] 116 50.21
[36-51] 91 39.39
[52-66] 23 9.95
>67 1 0.45
Marital status married 113 48.91
single 79 34.19
Widower 39 16.9
Mode of contamination Sharp object 13 5.62
unknown 99 42.85
sexual 119 51.51
Therapeutic problem Adherence 8 3.46%
Education 94 40.69
Financial constraint 17 7.35
None 35 15.15
Social stigma 17 7.35
Supply 60 29.46
Treatment none 96 41.55
AZT-3TC-EFV 52 22.51
AZT-3TC-NVP 42 18.18
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TDF-3TC-EFV 27 11.68
TDF-3TC-NVP 14 6.08

Mean duration on ART (month) 6

Subtypes Al 27 11.68
CRF02_AG 149 64.50
CRF09_cpx 3 1.29
CRF11_cpx 3 1.29
CRF13_cpx 4 1.73
CRF45_cpx 1 0.43
CRF49_cpx 1 0.43
D 9 3.89
F2 9 3.89
G 16 6.92
] 6 2.66
0 3 1.29

Median viral load (copies/mm3) 536262,2913

Demographic Profile

The cohort of 231 participants was predominantly
female (67.53%), aligning with global trends where
women in sub-Saharan Africa are disproportionately
affected by HIV due to biological, social, and economic
vulnerabilities. This imbalance may also reflect
healthcare-seeking behavior, as women are more likely
to access testing and treatment services. The majority of
participants were aged 21-51 years (89.6%),
highlighting HIV'’s burden on the economically
productive population. This underscores the need for
workplace-based interventions and youth-focused
prevention programs. Nearly half (48.91%) were
married, suggesting potential transmission risks within
marital partnerships and the importance of couple-
centered testing and counseling.

Transmission Dynamics

Sexual contact was the primary reported route (51.51%),
emphasizing the urgency of scaling up condom
distribution, pre-exposure prophylaxis (PrEP), and
sexual health education. The high proportion of
"unknown" transmission (42.85%) signals gaps in
patient education or stigma-related underreporting.

Therapeutic Challenges

Only 0.02% reported adherence issues, which likely
underestimates the true burden given the high viral load
(median: 536,262 copies/mm?®). The dominant
therapeutic problems—Ilack of education (40.69%) and

Table 2: Mutation and drug resistance frequencies

drug supply shortages (29.46%)—suggest systemic
healthcare barriers, including poor patient counseling
and stockouts of antiretrovirals (ARVs). 41.55% were not
on ART, reflecting gaps in treatment access or linkage to
care. This is alarming given Cameroon’s "Treat All" policy
and risks perpetuating transmission.

Treatment Regimens

First-Line ART including AZT-3TC-EFV (22.51%) and
AZT-3TC-NVP (18.18%) were most common, consistent
with Cameroon’s national guidelines. However, the low
uptake of TDF-based regimens (17.76% combined) may
reflect regional prescribing preferences or cost barriers.
The median ART duration of 6 months suggests many
participants were recently initiated, potentially
impacting long-term adherence and resistance patterns.

Virological and Genetic Insights

HIV-1 Subtypes CRFO2_AG (64.50%) dominated, as seen
in West/Central Africa. Subtypes Al (11.68%) and G
(6.92%) indicate genetic diversity, which may influence
drug resistance pathways and vaccine development
efforts. The median viral load of 536,262 copies/mm?
reflects poor virological control, likely due to delayed
ART initiation, suboptimal adherence, or pre-existing
resistance.

2. Detected HIV Drug Resistance Mutations

2.1. Mutation and drug resistance frequencies

Number (n=231) NAIVE TREATMENT-EXPERIENCED | TOTAL

Classes of ARV drugs frequency P value Frequency P value Frequency
Pl/r 26(11.25%) 0,002 19(8.23%) 0.05 45(19.48%)
NRTI 0(0%) / 1(0.43%) 0.45 1(0.43%)
NNRTI 3(1.30%) 0,001 14(6.06%) 0.42 17(7.36%)
PI/r+ NNRTI 1(0.43%) 0,001 0(0%) 0.001 1(0.43%)
NNRTI+NRTI 1(0.43%) 0,001 4(1.73%) 0.47 5(2.16%)
PI/r+ NNRTI+NRTI 0(0%) / 4(1.73%) 0.28 4(1.73%)
TOTAL 31(13.41%) 42(18.18%) 73(31.59%)
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Table 2 underscores a dual challenge in
Cameroon: transmitted resistance in untreated
populations and acquired resistance under suboptimal
treatment adherence. The overall resistance burden was
31.59% (73/231) of participants harbored resistance
mutations (Table 2), highlighting a significant public
health challenge in Cameroon. Resistance was higher in
treated patients (18.18%) than naive individuals
(13.41%), reflecting accumulated resistance under
treatment pressure. However, the substantial rate in
naive patients signals transmitted drug resistance (TDR),
likely due to incomplete viral suppression in the
community.

Protease inhibitors (PI/r) resistance showed highest
prevalence: 19.48% (45/231), with 11.25% in naive
patients (P=0.002) and 8.23% in treated patients
(P=0.05) (Table 2). The high PI/r resistance in naive
patients may stem from natural polymorphisms in HIV-1
subtypes (CRF02_AG) or undiagnosed prior ARV
exposure such as PMTCT. The significant (P=0.002)
resistance suggests either transmitted resistance or
subtype-associated polymorphisms such as CRF02_AG
that may harbor Pl-associated mutations without prior
PI exposure.

Journal of Drug Delivery & Therapeutics. 2025; 15(5):86-99

NNRTIs resistance was found in 7.36% (17/231), with
6.06% in treated patients and 1.30% in naive (P=0.001)
(Table 2). NNRTI resistance is widespread due to
historical reliance on efavirenz/nevirapine. Highly
significant (P=0.001) resistance in naive patients aligns
with global TDR trends, driven by prolonged NNRTI use
in first-line regimens. The significant TDR underscores
the need for baseline resistance testing before initiating
NNRTI-based regimens. Higher NNRTI (6.06%) and PI/r
(8.23%) resistance in treated patients reflect adherence
challenges and regimen-specific selective pressure

NRTIs was the rare resistance (0.43%, 1/231), limited to
treated patients (P=0.45) (Table 2). Lamivudine/
tenofovir retain efficacy, but vigilance is needed to
prevent emerging resistance.

Multi-Class  Resistance was also found with
NNRTI+NRTI: 2.16% (5/231), predominantly in treated
patients (1.73%, P=0.47); PI/r+NNRTI+NRTI: 1.73%
(4/231), exclusively in treated patients (P=0.28) (Table
2). The multi-class resistance complicates treatment
options, necessitating costly second-line regimens
(boosted PIs or integrase inhibitors).

=PI =NRTI -NNRTI

Figure 1: Prevalence and Distribution of HIV-1 Drug Resistance Mutations in Yaoundé, Cameroon. Frequency of drug
resistance mutations across codon positions in the HIV-1 reverse transcriptase (RT) and protease (PR) genes among
ART-experienced and treatment-naive patients in Yaoundé, Cameroon. Mutations are annotated by codon position
(M184V, K103N, 154V), with bar heights indicating their prevalence in the cohort. Key resistance-associated mutations
to nucleoside reverse transcriptase inhibitors (NRTIs), non-nucleoside reverse transcriptase inhibitors (NNRTIs), and
protease inhibitors (PIs) are highlighted. Data derived from sequencing of plasma viral RNA (2017-2021) in 231
participants.
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Protease inhibitor mutation frequencies

The data presented in Figure 1 strongly suggest that the
[54V mutation is the primary driver of resistance to the
protease inhibitor(s) in this population. The high
frequency of this mutation indicates that it is likely to
confer a significant advantage to the virus in the presence
of the inhibitor, leading to its selection and dominance.
The presence of the F53Y/154V combination at a notable
frequency (10%) also highlights its importance in
resistance. It is possible that the F53Y mutation, when
occurring in combination with 154V, further enhances
resistance or arises through a specific evolutionary
pathway. The very low frequencies of the other
individual mutations (F53Y, G73C, L90M, N83D, N88S,
V82L) imply that they are either less effective in
conferring resistance to this particular protease
inhibitor(s) or are less likely to emerge in this specific
viral context.

Nucleotide reverse transcriptase inhibitor mutation
frequency

Figure 1 illustrates the frequencies of different
nucleotide reverse transcriptase inhibitor (NRTI)
mutations. The data in Figure 2 suggests that multiple
NRTI mutations are prevalent, indicating that resistance
to these inhibitors can arise through various genetic
pathways. The high frequency of K65R/M184],
K70E/M184V, and M184V (all at 20%) suggests that
these mutations are particularly effective in conferring
resistance to the specific NRTI(s) being studied. The
M184V mutation is frequently observed in the context of
resistance to lamivudine (3TC) and emtricitabine (FTC),
which are NRTIs. The presence of combinations like
K65R/M1841 and K70E/M184V further emphasizes the
complexity of resistance development. The mutations
occurring at a frequency of 10% (D67N, K219E, K219N,
M184I, M41L/M184V/T215F) also contribute to NRTI
resistance, although they appear to be less dominant
than the 20% frequency group in this specific dataset.

Journal of Drug Delivery & Therapeutics. 2025; 15(5):86-99

The M41L, M184V, and T215F combination is a well-
known thymidine analog mutation (TAM) pattern
associated with resistance to drugs like zidovudine (AZT)
and stavudine (d4T).

Non-nucleotide reverse transcriptase
mutations

inhibitory

From this figure 1, it appears that the highest in NNRTIs
was K103N, followed by Y181C. We have two triple
mutations, and three double mutations. The data
presented in Figure 3 highlights that the K103N mutation
is the most dominant NNRTI resistance mutation in this
study population, occurring in a substantial proportion
of cases. This finding is consistent with previous research
that has identified K103N as a key mutation conferring
resistance to commonly used NNRTIs like efavirenz and
nevirapine. The significant frequency of the
K103N/Y181C/G190A combination (14.82%) suggests
that the accumulation of multiple resistance mutations
can lead to higher levels of drug resistance or may arise
under specific treatment pressures. The G190A mutation
also appears to be an important single mutation
contributing to NNRTI resistance. The lower frequencies
of other mutations indicate that while they can
contribute to resistance, they are less prevalent in this
specific context. The presence of various mutation
combinations suggests the complex evolutionary
pathways the virus can take to evade the effects of NNRTI
drugs.

2.6. Correlation between ARV regimens and the
emergence of drug resistance

Table 3 presents the correlation between specific
resistance mutations within different classes of
antiretroviral (ARV) drugs (Protease Inhibitors boosted
with ritonavir - PI/r, Nucleotide Reverse Transcriptase
Inhibitors - NRTI, and Non-Nucleotide Reverse
Transcriptase Inhibitors - NNRTI) and the first-line
treatment regimen received by individuals.

Table 3: Correlation between resistance type and treatment class

TREATMENT

Classes of ARV drugs AZT-3TC-EFV

AZT-3TC-NVP

TDF-3TC-EFV | TDF-3TC-NVP | R p

PI/r 154V 12

1

4 1

L90M

N88S

G73C

V82L

N83D

0.03 | 0.12

NRTI M184I1

M184V

K65R, M1841

K70E, M184V

o Rr| R| N R| o o ©of R| R

D67N

| O O O O] O r| k| o ©

= O R O O] »r| O] O ©o| ©
o O o o o] o o] o o ©

0.05 | 0.04
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K219E
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1 0

M41L, M184V, T215F

E138G

K103N

NNRTI | KL03N,G190A

K103N, P225H

K103N, Y188C, M230L

G190A

Y181C

K103N, Y181C, G190A

S| O Q| O R N R N =mR| O ©

K101E, G190A

S| O P N O] O O] Lt L] O ©

| | Rr| o o of o] Rr| ©

TOTAL

N
o)}

-
N

N O O ©o o] o o o] »r| ©

=
w

0.04 | 0.08

The columns labeled "R" and "P" likely represent the total
count of individuals with that mutation across all
treatment groups and the p-value associated with the
correlation between the mutation and the treatment
group, respectively.

The analysis of Table 3 reveals that the most significant
finding is the strong correlation between NRTI resistance
mutations and the first-line treatment regimen (p=0.04).
This suggests that the specific NRTI drugs used in the
regimen (AZT-3TC vs. TDF-3TC) significantly influence
the type of NRTI resistance mutations that emerge. While
the NNRTI class as a whole might not have a statistically
significant correlation as strong as NRTIs, specific
mutations like G190A (p=0.04) and Y181C (p=0.08)

show a statistically significant or borderline significant
association with the treatment regimens. G190A appears
to be more prevalent in the AZT-3TC-NVP group, while
Y181C is seen in both AZT-3TC-NVP and TDF-3TC-EFV
groups. The individual PI mutations listed do not show
strong statistically significant correlations with the
treatment regimens based on their p-values. The most
frequent PI mutation, 154V, has a p-value of 0.12,
indicating a lack of strong association with any specific
treatment group in this dataset. The total number of
resistance mutations observed is highest in the AZT-3TC-
EFV group (26), which could be due to various factors
such as the duration of treatment, virological failure
rates, or the specific resistance profiles associated with
this regimen.

2.7. Correlation of viral load with resistance patterns in different drug classes

Table 4: Correlation of viral load with resistance type and subtypes

Parameters VL copies/mL
40-1000 1001-10000 | >10001 TOTAL R P.value
subtypes Al 1 1 6 8 0.001 | 0.71
D 1 0 2 3
F2 0 0 2 2
G 1 2 4 7
] 0 1 2 3
0 0 0 1 1
CRFO02_AG 4 6 36 46
CRF09_cpx 0 0 1 1
CRF11_cpx 0 0 1 1
CRF13_cpx 0 0 1 1
Pl/r F53Y, 154V 0 2 3 5 0.23 0,0001
154V 0 2 38 40
ISSN: 2250-1177 [92] CODEN (USA): JDDTAO
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Table 4 reveals significant correlations between viral
load and resistance to protease inhibitors and non-
nucleotide reverse transcriptase inhibitors. The highly
significant p-value (0.0001) for the PI mutation
combination F53Y, 154V suggests a strong association
with higher viral loads. This implies that individuals with
this specific PI resistance pattern tend to have poorer
viral control. The overall PI resistance also shows a
significant correlation with viral load. The significant p-
value (0.009) for the NNRTI mutation E138G suggests an
association with lower viral loads, as it is only found in
the 40-1000 copies/mL range. The overall NNRTI
resistance also shows a significant correlation with viral
load. The presence of Y181C exclusively in the highest
viral load category also points towards a potential
association. There is no statistically significant
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correlation between the HIV-1 subtypes and viral load in
this dataset. Similarly, individual NRTI mutations do not
show strong correlations with viral load, and the overall
NRTI resistance is not mentioned as significantly
correlated.

3. Resistance mutation distribution in treated and
untreated individuals

3.1 Summary of Resistance Profiles in Treated and
Untreated Individuals.

This table summarizes the distribution of resistance to
each drug class and the extent of multi-drug resistance in
the studied population, broken down by whether
individuals were on HIV drug treatment or not.
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Table 5: Summary of Resistance Profiles in Treated and Untreated Individuals

Drug Class HIVDT = Yes (n=42) HIVDT = No (n=31) Overall (n=73)
PI 22 (52.4%) 25 (80.6%) 47 (64.4%)
NRTI 7 (16.7%) 2 (6.5%) 9 (12.3%)
NNRTI 14 (33.3%) 7 (22.6%) 21 (28.8%)
Resistance to 2+ Classes 7 (16.7%) 3(9.7%) 10 (13.7%)
Resistance to 3 Classes 3(7.1%) 1 (3.2%) 4 (5.5%)
No Resistance 0 (0.0%) 5(16.1%) 5 (6.8%)

In this study, the distribution of antiretroviral resistance
revealed that a higher proportion of treatment-naive
individuals exhibited resistance to protease inhibitors
(80.6%) compared to those on treatment (52.4%), a
notable finding that warrants further investigation
within this context. As anticipated, resistance to
nucleotide and non-nucleotide reverse transcriptase
inhibitors was more prevalent in the treated group
(16.7% and 33.3% respectively) than in the untreated

group (6.5% and 22.6%), though the presence of NNRTI
resistance in some untreated individuals suggests
potential transmission of resistant strains in Cameroon.
Multi-drug resistance was also more common among
treated individuals, and importantly, no individual on
treatment showed complete susceptibility to all tested
drug classes, indicating that in this Cameroonian cohort,
treatment exposure was invariably associated with the
development of resistance.

3.2. Analysis of cross-mutation patterns and art implications in HIV-1 patients

Table 6: Distribution of resistance in population study

ID SUBTYPE HIVDT PI Major NRTI NNRTI
K10560 D Yes 154V None None

K10601 CRF02_AG Yes 154V M184V K103N, P225H
K10630 CRFO02_AG Yes 154V None None

K10646 CRF02_AG Yes None M1841 K103N, P225H
K10674 G Yes 154V None None

K10683 CRF02_AG Yes None None K103N
K10687 D Yes G73C None None

K10698 CRF02_AG Yes None None G190A
K10707 G Yes 154V None None

K10708 G Yes None None K103N
K10709 CRF09_cpx Yes None K70E, M184V K103N, G190A
K10721 CRF02_AG Yes 154V K65R, M1841 K103N, Y181C, G190A
K10728 CRF02_AG Yes None None K103N
K10737 CRF02_AG Yes None None G190A
K10740 G Yes None None K103N
K10744 CRF02_AG Yes 154V M184V K103N
K10761 CRFO02_AG Yes 154V None None

K10610 D Yes None None E138G
K10624 CRF02_AG Yes None D67N None

K10628 | Yes None None K103N
K10635 CRF02_AG Yes 154V None None

K10638 CRF13_cpx Yes 154V None None
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K10643 CRF02_AG Yes None None E138A

K10657 CRF02_AG Yes 154V None None

K10681 CRF02_AG Yes None K65R, M1841 K103N, Y188C, M230L

K10696 CRF02_AG Yes 154V None None

K10847 Al Yes None None K103N

K10907 CRF02_AG Yes None None Y181C

K10917 Al NO 154V None None

K10928 CRF02_AG Yes 154V None None

K10949 CRF02_AG Yes LOOM None None

K11087 J Yes None None K103N

K10908 CRF02_AG NO None None K103N

K10837 Al Yes None None K103N

K10150 F2 NO 154V None None

K10199 CRF02_AG NO 154V None None

K10204 CRF02_AG NO F53Y, 154V None None

K10207 CRF02_AG NO F53Y, 154V None None

K10214 CRF02_AG NO 154V None None

K10225 Al NO 154V None None

K10228 CRF02_AG NO 154V None None

K10236 CRF02_AG NO 154V None None
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K10247 CRF02_AG NO None None G190A
K10248 CRF02_AG NO 154V None None
K10250 CRF02_AG NO 154V None None
K10251 CRF02_AG NO 154V None None
K10259 CRF02_AG NO 154V None None
K10264 G NO 154V None None
K10267 CRF02_AG NO 154V None None
K10271 CRF02_AG NO 154V None None
K10284 Al NO 154V None None
K10288 CRF02_AG NO F53Y, [54V None K103N

This study highlights critical trends in HIV-1 drug
resistance among patients in Yaoundé, Cameroon,
emphasizing the interplay between protease inhibitor
(PI), nucleoside reverse transcriptase inhibitor (NRTI),
and non-nucleoside reverse transcriptase inhibitor
(NNRTI) mutations. Table 5 reveals a significant
prevalence of antiretroviral resistance in the studied
population, with 42 individuals on treatment and 31 not
on treatment exhibiting resistance mutations.

The most prevalent PI mutation, 54V, was identified
in37% of patients, often co-occurring with F53Y,
suggesting a propensity for PI resistance in this
population. Among NRTIs, M184V/I (11.3% prevalence)
dominated, linked to lamivudine/emtricitabine
resistance, while NNRTI resistance was driven
by K103N (24.2%) and G190A, which compromise first-
line regimens like efavirenz and nevirapine.

Notably, cross-class resistance was observed in several
patients, reflecting complex treatment challenges. For
example, patient K10601 harbored 154V (PI) + M184V
(NRTI) + K103N/P225H (NNRTI), a combination that
undermines both boosted PIs and first-line NRTI/NNRTI
regimens. Similarly, K10721 exhibited a multi-drug-
resistant  profile  (I54V + K65R/M1841 +
K103N/Y181C/G190A), indicative of advanced
virological failure. These patterns underscore the risk of
accumulating resistance mutations in settings with
limited regimen options.

Subtype analysis revealed CRFO02_AG as the dominant
strain, associated with the highest mutation diversity.
This subtype  accounted for most cases
of 54V and K103N, including in treatment-naive
individuals, suggesting potential subtype-specific
resistance transmission. For instance, six untreated
patients (43% of naive cases) carried [54V,
signaling transmitted PI resistance—a rare but alarming
finding with implications for pre-ART genotyping.

The comparison between treatment-experienced
(HIVDT=Yes) and naive (HIVDT=No) patients further
emphasized public health concerns. While NNRTI
mutations like K103N and G190A were prevalent in both
groups, PI resistance in naive patients (e.g, 154V in
untreated individuals) highlights gaps in resistance
surveillance. This underscores the need for baseline
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genotype testing to guide regimen selection, particularly
as Cameroon transitions to dolutegravir-based regimens.

Clinical and public health priorities include phasing out
NNRTIs, adopting integrase inhibitors, and enhancing
resistance  monitoring. The  high  prevalence
of K103N (24.2%) aligns with WHO recommendations to
prioritize dolutegravir, which has a higher genetic
barrier to resistance. Additionally, the detection of multi-
class resistance in CRFO2_AG underscores the urgency of
subtype-tailored strategies to mitigate treatment failure.

In conclusion, these findings reveal a pressing need for
updated guidelines, robust surveillance, and targeted
interventions to address cross-class resistance and
transmitted mutations. Strengthening laboratory
capacity for genotyping and prioritizing newer
antiretrovirals will be vital to sustaining ART efficacy in
Cameroon’s HIV response.

DISCUSSION

In this study, we reported on a large cohort of 231
patients infected with HIV-1 followed in health facilities
in the central region, including 135 patients on first-line
antiretroviral treatment and 96 who were not on any
antiretroviral treatment. This study provides a
comprehensive analysis of HIV-1 drug resistance
patterns in Cameroon’s Centre Region, contextualizing
genetic diversity, treatment outcomes, and public health
challenges in a resource-limited setting. Below, we
expand on the implications of our findings, integrating
regional and global perspectives to inform future
interventions.

The dominance of the CRF02_AG subtype (64.5%) aligns
with its established prevalence in West and Central
Africa, where recombination events between subtypes A
and G have driven its dissemination. However, the
secondary predominance of subtypes A1 (11.68%) and G
(6.92%) contrasts with studies from Cameroon’s
Northwest and Southwest regions, where subtypes G and
F are more common !¢ 17, This geographical
heterogeneity may reflect differences in viral
introduction events, population mobility, or founder
effects. For instance, urban centers like Yaoundé, with
high population density and migration, could act as hubs
for CRF02_AG transmission. Such variability underscores

the need for decentralized surveillance systems to track
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subtype-specific trends, as viral diversity can influence
disease progression, vaccine efficacy, and drug resistance
pathways.

The overall prevalence of resistance mutations (31.59%)
exceeds rates reported in Kenya (23.1% 8) and mirrors
rising resistance trends across sub-Saharan Africa. This
escalation is likely multifactorial such as irregular
treatment follow-up (reported by 40.69% of
participants) and limited health literacy delay the
detection of virological failure, allowing resistance to
accumulate. As well, the high prevalence of NNRTI
resistance (7.36%) reflects Cameroon’s historical
reliance on nevirapine/efavirenz-based first-line
regimens, which have low genetic barriers to resistance.
Similarly, the M184V mutation (NRTI) is strongly
associated with lamivudine, a backbone drug in national
protocols. Surprisingly, 13.41% of treatment-naive
individuals harbored major mutations, particularly PI-
associated 154V (11.25%). Natural polymorphisms,
amplified by HIV-1’s error-prone replication 22, may seed
these mutations. This poses a critical challenge: initiating
ART in naive patients with pre-existing resistance risks
rapid regimen failure, especially if PI-based therapies are
introduced without baseline resistance testing.

The high PI resistance rate (19.48%)—far exceeding
earlier Cameroonian reports (1.3%)1°—signals a shifting
landscape. While PIs are not yet widely used in first-line
regimens in Cameroon, their increasing adoption in
second-line therapy may explain this trend. Notably, the
predominance of I154V—a major PI resistance
mutation—in untreated patients (39/50 sequences)
suggests transmission of resistant strains or de novo
mutagenesis. This mirrors global concerns about
“hidden” resistance in ART-naive populations,
documented in regions like East Africa and Southeast
Asia. The persistence of such mutations, even at low
frequencies, could undermine future PI-based regimens,
as suboptimal adherence may allow resistant
quasispecies to dominate.

The strong association between NRTI use and resistance
(p=0.04) highlights the impact of long-term
lamivudine/tenofovir exposure in driving M184V and
K65R mutations. Similarly, the link between high viral
loads and PI/NNRTI resistance (p<0.01) underscores the
role of wuncontrolled replication in accelerating
mutagenesis. These findings align with studies
demonstrating that viral loads >100,000 copies/mL
correlate with accelerated resistance development. In
resource-limited settings, where viral load monitoring is
often delayed or unavailable, this creates a vicious cycle:
poor adherence — viral rebound — resistance —
treatment failure.

The high NNRTI resistance rates (7.36%) support
Cameroon’s ongoing shift to dolutegravir, an integrase
inhibitor with a higher genetic barrier. However,
baseline resistance testing for PIs and NRTIs remains
critical to pre-empt cross-resistance. Scaling up point-of-
care viral load testing and training healthcare workers to
interpret results could reduce delays in detecting
virological failure. Partnering with community
organizations to address stigma, improve health literacy,
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and provide socioeconomic support such as
transportation subsidies may enhance adherence.
Establishing a national HIV drug resistance database
would enable real-time tracking of emerging mutations
and guide regimen updates.

While this study offers critical insights, its cross-sectional
design limits causal inferences. Longitudinal cohorts are
needed to evaluate how pre-treatment resistance
impacts clinical outcomes. Overrepresentation of women
(67.53%) and wurban populations may limit
generalizability. Precludes causal inferences about
factors driving low adherence or high viral loads. Risk of
recall bias, especially for transmission routes and
adherence. Additionally, the focus on pol gene mutations
overlooks resistance mechanisms
in integrase or envelope regions, which may gain
relevance as dolutegravir becomes widespread. Future
work should also explore socio-cultural barriers to
adherence through mixed-methods research.

CONCLUSION

In summary, CRF02 was the most common HIV subtype
(64.5%). Drug resistance mutations were detected in
18.18% of ART-experienced and 13.41% of treatment-
naive patients. NRTI mutations were infrequent (0.43%),
while NNRTI mutations were more prevalent (7.36%),
with M184V and K103N being the most frequent.
Protease inhibitor mutations, predominantly 154V, were
found in 19.48% of sequences. ART and treatment failure
increase the risk of resistance. Viral diversity, pre-
treatment resistance, and adherence challenges in
Cameroon necessitate precision public health strategies
including resistance testing, optimized regimens, and
addressing gaps in care to curb rising HIV drug resistance
and improve progress towards UNAIDS 95-95-95 targets.
Global partnerships and funding are crucial to support
these efforts. The data highlight the need for: (1) baseline
resistance testing to guide treatment for newly
diagnosed patients due to high transmitted NNRTI and PI
resistance; (2) accelerated adoption of dolutegravir-
based regimens given the observed NNRTI resistance
and dolutegravir's higher resistance barrier; (3)
addressing educational gaps to improve adherence and
reduce virological failure; and (4) continuous
surveillance to monitor circulating subtypes like
CRF02_AG and detect subtype-specific resistance
patterns.
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