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Abstract. Acquired drug resistance (ADR) is common 
among adolescents living with perinatal HIV (APHI) in 
sub‑Saharan Africa (SSA). Personalized management has 
the potential to improve pediatric antiretroviral therapy 
(ART), even in the presence of long‑term treatment and 
HIV‑1 subtype diversity. We sought to evaluate the effect 
of HIV‑1 mutational profiling on immuno‑virological 
response and ADR among APHI. A cohort‑study was 
conducted from 2018‑2020 among 311 APHI receiving 
ART in Cameroon. Clinical, immunological and virological 
responses were measured at enrolment (T1), 6‑months 
(T2) and 12‑months (T3). Immunological failure (IF: CD4 
<250  cells/mm3), VF (viremia ≥1,000 copies/ml), and ADR 
were analyzed, with P<0.05 considered significant. Mean 

age was 15(±3) years; male‑female ratio was 1:1; median 
[IQR] ART‑duration was 36[21‑81] months. At T1, T2, and 
T3 respectively, adherence‑level was 66.4, 58.3 and 66.5%; 
14 viral clades were found, driven by CRF02_AG (58.6%); 
ADR‑mutations favored increased switch to second‑line 
ART (16.1, 31.2, and 41.9%, P<0.0001). From T1‑T3 respec-
tively, there were declining rates of IF (25.5,  18.9,  and 
9.83%, P<0.0001), VF (39.7, 39.9,  and  28.2%, P=0.007), 
and HIVDR (96.4, 91.7, and 85.0%, P=0.099). Predictors 
of ADR were being on first‑line ART (P=0.045), high 
vi remia at enrolment (AOR=12.56, P= 0.059), and 
IF (AOR=5.86, P=0.010). Of note, optimized ART 
guided by mutational profile (AOR=0.05, P=0.002) 
was protective. Moreover, full Tenofovir+Lamivudine+ 
Dolutegravir efficacy was predicted in 77 and 62% of APHI 
respectively after first‑ and second‑line failure. Among 
APHI in this SSA setting, viral mutational profiling prompts 
the use of optimized Dolutegravir‑based ART regimens, 
leading to improved immuno‑virological response and 
declining ADR burdens. Thus, implementing personalized 
HIV medicine in this vulnerable population would substan-
tially improve ART response and the achievement of the 
95‑95‑95 goals in these underserved populations.

Introduction

Over the last decade, the global AIDS prevention and control 
strategy has registered significant progress towards reducing 
AIDS‑related mortality (1,2). Despite frequent advancement 
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to a chronic state, the specifics of HIV progression from 
person‑person may vary significantly and therefore manifest 
differently in each affected individual. This variability is 
alarming, posing the question whether a standard‑fixed treat-
ment regimen is optimal for everybody (3,4). The fact that 
the genetic and physiological make‑up of an individual may 
permit them to benefit from a drug or high dosing regimen 
while being tolerant to severe side effects, and the availability 
of multiple ART regimens suggests that customization of treat-
ment to specific individuals or groups of individuals might be 
envisioned (3,4).

HIV prevalence in Cameroon as of 2018 was 2.7% (5), 
the country being one of the 15 highest burden countries 
in terms of HIV infection among adolescents (6). The high 
rate of virological failure in children and limited laboratory 
monitoring, result in delayed detection of treatment failure, 
leading to accumulation of HIVDR at rates as high as 90% 
among APHI in virological failure, which jeopardizes treat-
ment outcomes (7). 

The global scale‑up of combination antiretroviral therapy 
under the public health approach of standardized and simpli-
fied regimens and the implementation of the WHO test and 
treat strategy, has led to improved access to treatment for 
millions of people, a reduction in new infections as well as 
HIV‑associated morbidity and mortality (2). However, current 
evidence suggests that children and adolescents infected with 
HIV face increased risks of developing HIVDR (7). This 
may be due to their acquisition of drug‑resistant HIV strains 
during the perinatal period, or exposure to antiretroviral 
drugs (ARVs) with low genetic barriers to resistance for 
prolonged periods, frequent ARV stockouts, and suboptimal 
adherence to ART (7,8). Additionally, the limited availability 
of therapeutic options in Cameroon, with only three treat-
ment regimens available  (9), coupled with the scarcity of 
options for salvage therapies and limited laboratory moni-
toring, lead to delayed detection of treatment failure. As a 
result, the accumulation of HIV drug‑resistance mutations 
becomes more likely.

With this perspective in mind, this study aimed at 
providing evidence‑based recommendations to improve the 
long‑term management, and antiretroviral treatment outcomes 
of adolescents living with HIV in rural and urban contexts 
of the Centre region of Cameroon. We evaluated therapeutic 
response to first‑ and second‑line ART regimens, HIV‑1 drug 
resistance profiles, and genotypes in urban and rural settings 
of the Centre Region of Cameroon over a one‑year follow‑up 
period.

Materials and methods

A prospective cohort‑study was conducted from 2018‑2020 
among 311 APHI receiving ART in one of the selected health 
facilities within the ‘Resistance Evolution among Adolescents 
in Yaoundé and its surroundings’ (READY‑study) in the Centre 
region of Cameroon. Participants were recruited following 
exhaustive sampling, and follow‑up was performed at enroll-
ment (T1), 6 months (T2), and 12 months (T3).

Sampling method and eligibility criteria. Consecutive and 
exhaustive following eligibility criteria.

Eligibility criteria
Inclusion criteria. APHI with documented infection route; 
aged 10‑19 years; receiving a standard reverse transcriptase 
inhibitor‑based (RTI‑based) first‑ or Ritonavir‑boosted 
protease inhibitor‑based (PI/r‑based) second‑line ART 
regimen for at least 6‑months; having provided written assent, 
and informed consent from their legal guardian(s).

Non‑inclusion criteria. Not formally registered in any ART 
monitoring system; reported to be ART‑naïve; on a drug regimen 
not included in the national guidelines; on treatment interruption.

Exclusion criteria. Participants who freely withdrew from 
the study and transferred out of a study site before mid‑ or 
endpoint. 

Clinical and laboratory procedures. CD4 cell count was 
performed using the Pima CD4 (Abbott/Pantech (Pty) Ltd, 
Westville, South‑Africa) automatic test, and plasma viral load 
measurement using the Abbott Applied Biosystem platform 
(Real Time PCR AB m2000RT), with a detection threshold of 
40 copies/ml (lower) and 10,000,000 copies/ml (upper).

Genotypic resistance testing (GRT) was carried out at 
each time point among participants with plasma viral load 
(PVL) ≥1,000 RNA copies/ml using an in‑house protocol 
as previously described by our working group  (10) using 
blood samples stored at ‑80˚C. The sequences obtained were 
assembled and edited using Recall CDC Atlanta GA USA 
software and drug resistance mutations (DRMs) interpreted 
using Stanford HIVdb.v8.8; Subtyping was done using MEGA 
v10 for molecular phylogeny. 

Data interpretation. The major outcomes were the trends of 
immune‑virological failure among APHI, HIVDR profile, and 
viral genetic diversity. Adequate immunological status was 
defined as CD4 ≥250 cells/mm3 and Immunological failure 
(IF) as <250 CD4 cells/mm3 (11); virological success as PVL 
<50 RNA copies/ml; virological suppression (VS) as PVL 
<1,000 HIV‑1 RNA copies/ml, and virological failure (VF) as 
PVL ≥1,000 RNA copies/ml (12). Self‑reported adherence was 
evaluated, with poor adherence defined as > one missed ARV 
dose within 30 days preceding sample collection. Moreover, 
adequate ART exposure was defined as being on an active 
HAART regimen as per efficacy scores from the Stanford 
HIV database v8.8, and respect to previous genotypic resis-
tance test (GRT)‑guided switch of ART recommendation was 
also assessed.

Statistical analysis. Data were analyzed using SPSS v22 with 
P<0.05 considered statistically significant. Chi‑square and 
Fisher's exact tests were used for determining associations, 
multivariate logistic regression models to identify indepen-
dently associated factors, and Kaplan Meier curves to examine 
time to immunological failure and VF, with the use of a 
log‑rank test to test the significance of observed differences 
between groups.

Ethical considerations. Ethical clearance was obtained from 
the National ethics committee for Research on human subjects 
№ 2018/01/981/CE/CNERSH/SP. A research authorization 
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was obtained from the Chantal Biya international reference 
center (CIRCB) directorate and administrative authorizations 
from the study sites. Written informed consent and assent were 
obtained from the parents or legal guardians and from the 
participants respectively. Confidentiality and core ethical values 
were respected. Participants were assigned unique identifiers 
at enrolment, consent and assent forms were stored in locked 
cabinets, and data were transcribed into password‑protected 
computers. Laboratory results were freely delivered to each 
participant for improved clinical management.

Results

Overall, 311 APHI were included at the enrolment phase (T1) 
with 272 followed‑up at 6‑months (T2), and 243 at 12‑months 
(T3). Majority (53.9, 54.4, and 56.2%) of participants were 
females from T1‑T3 respectively, with mean age of 15 (±3) 
years; and median [IQR] ART‑duration of 36 [21‑81] months 
(Table  Ia). Median [IQR] CD4 count was [565 (250‑85), 
504 (305‑776), and 586 (387‑811) cells/mm3)] from T1 to T3 
respectively, while median [IQR] PVL was [60(40‑24730), 
92 (40‑13808) and 51 (40‑2622) RNA copies/ml]. There was 
a statistically significant decline in immunological and viro-
logical failure across time points (P<0.0001 and P=0.007 
respectively) (Fig. 1a and b). Elsewhere, there was a decreasing 
median [IQR] duration on first‑line reverse transcriptase 
inhibitor‑based (RTI) ART [36.0 (21.0‑81.0), 31.0 (10.0‑55.5), 
and 23.5 (9.0‑60.0) months], with a corresponding increased 
rate of switch to second‑line ART, with P<0.0001 (Table Ib).

Factors influencing immunological failure. At enrolment, 
younger adolescents were approximately three‑times more 
likely to experience IF (OR=2.90, P=0.0002), with adolescents 
in early clinical stages having five‑times increased odds of IF 
(OR=5.02, P=0.0013). Moreover, participants in VF had about 
9‑fold higher odds of IF (OR=8.73, P=0.0001) (Table IIa). At 
6‑months follow‑up, early clinical stages I/II were protective 
against IF (OR=0.29, P=0.002), with first‑line participants 

having decreased odds of experiencing IF (OR=0.49, P=0.026). 
In addition, participants experiencing VF were more likely to 
experience IF (OR=3.96, P=0.0001). IF at enrolment at enrol-
ment was strongly associated to subsequent IF at 6‑months 
(OR=10.90, P=0.0001), as well as high viremia at enrolment 
>5log (OR=4.71, P=0.0001). Finally, at 12‑months follow‑up, 
VF was a strong predictor of IF (OR=4.88, P=0.0002), 
meanwhile, IF at enrolment at enrolment appeared protective 
(OR=0.21, P=0.0003).

After multivariate analysis, younger age adolescence; 
early clinical stages (I/II), and VF were independent risk 
factors to IF at T1, with VF, follow‑up in rural sites, and 
CD4 <250 cells/mm3 at enrolment being independent predic-
tors of IF at T2 (Table IIb), and finally, VF and IF at enrolment 
(T1) being an independent risk factor, and a protective factor 
respectively of IF at T3.

Factors influencing virological failure. As concerns VF, at 
enrolment, younger adolescents were 1.60‑times more likely 
to experience VF (OR=1.60, P=0.047), participants in early 
clinical stages and those in immunological failure had 3.49 
and 8.73‑fold increased risks of VF respectively (P=0.017 
and 0.0001 respectively) (Table IIc). At 6‑months follow‑up, 
participants from rural study sites were 2‑times more likely 
to experience VF (OR=2.08, P=0.008). Those in early clinical 
stages I/II were less likely to experience VF (OR=0.21, 
P=0.0003), on the contrary, those on first‑line ART were 
1.83‑times more likely to experience VF (OR=1.83, P=0.0345). 
Furthermore, good adherence to ART decreased the likelihood 
of experiencing VF, (OR=0.56, P=0.025). IF increased the odds 
of experiencing VF (OR=3.96, P=0.0001). Participants who 
were in IF at enrolment had increased odds of VF, (OR=2.02, 
P=0.023) as well as those with viremia at enrolment ≥5 log 
(OR=5.01, P=0.0001) (Table IIc). At 12‑months follow‑up, 
participants with good adherence were two‑times more likely 
to experience VF (OR=2.19, P=0.008). Likewise, participants 
with IF had a 4.88 increase in likelihood of experiencing VF 
(OR=4.88, P=0.0002).

Table Ia. Socio‑demographic data of the study population.

	 Enrolment (T1)	 6‑months (T2)	 12‑months (T3)
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑  
	 Frequency	 Percentage	 Frequency	 Percentage	 Frequency 	 Percentage

Age (years)
  10‑14	 169	 54.3	 108	 39.7	 102	 42.3
  15‑19	 142	 45.7	 164	 60.3	 139	 57.7
Gender
  Male	 142	 46.1	 124	 45.6	 105	 43.8
  Female	 166	 53.9	 148	 54.4	 135	 56.2
Site group
  Urban (U)	 213	 68.5	 198	 72.8	 184	 75.7
  Rural (R)	 98	 31.5	 74	 27.2	 59	 24.3
Mean age (±SD)
  U	 15 (±3)	‑	  16 (±3)	‑	  15 (±3)	‑
  R	 13 (±3)	‑	  14 (±3)	‑	  15 (±3)	‑
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After multivariate analyses, IF was the lone predictor of 
VF at enrolment and at 12‑months follow‑up, while being 
on first‑line ART, IF, and viremia at enrolment >5log, were 
independent predictors of VF at 6‑months; with early clinical 
stages I/II, and good therapeutic adherence being protective 
factors (Table IId).

Despite absence of statistical significance, decreasing rates 
(95% CI) of overall HIVDR of 54/56, 96.4% (87.5‑99.6%); 
88/96, 91.7% (84.2‑96.3%); and 51/60, 85.0% (73.4‑92.9%) from 
T1‑T3 respectively were observed among participants in VF, 
with P=0.099 (Fig. 1c). According to antiretroviral drug classes, 
HIVDR was highest in primary NNRTIs, 96.4% (87.5‑99.6%), 

88.5% (80.4‑94.1%), and 85.0% (73.4‑92.9%) from T1‑T3 
respectively (Fig. 1d). Assessment of adequate ART exposure 
and respect of previous GRT‑based ART regimen recommenda-
tion showed that; 25.0% (16.7‑34.9%), and 36.7% (24.6‑50.1%) 
were on adequate ART regimen, with corresponding 34.4% 
(25.0‑44.8%) and 55.0% (41.6‑67.9%) being exposed to an ART 
regimen that respected previous GRT‑based ART regimen 
recommendation at T2 and T3 respectively.

Factors influencing HIVDR. At enrolment, being on first‑line 
ART was significantly associated to HIVDR (P=0.005). 
At 6‑months follow‑up, participants who experienced IF 

Table Ib. Clinical and Biological data of study population.

	 Enrolment (T1)	 6‑months (T2)	 12‑months (T3)
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑  
	 Frequency	 Percentage	 Frequency	 Percentage	 Frequency 	 Percentage	 P‑value

Clinical stage
  I/II	 286	 94.7	 245	 90.1	 199	 90.9	 0.092
  III/IV	 16	 5.3	 27	 9.9	 20	 9.1	
ART line
  First	 256	 83.9	 181	 68.8	 129	 58.1	 <0.0001
  Second	 49	 16.1	 82	 31.2	 93	 41.9	
Adherence
  Good	 196	 66.4	 158	 58.3	 153	 66.5	 0.076
  Poor	 99	 33.6	 113	 41.7	 77	 33.5	
CD4 classes
  ≥250	 202	 74.5	 215	 81.1	 211	 90.2	 <0.0001
  <250	 69	 25.5	 50	 18.9	 23	 9.8	
PVL classes
  ≥1,000	 121	 39.7	 105	 39.9	 68	 28.2	 0.007
  <1,000	 184	 60.3	 158	 60.1	 173	 71.8	

Figure 1b. Trends of virological failure. Orange line: declining prevalence 
of VF overtime.

Figure 1a. Trends of Immunological failure. Blue line: decreasing preva-
lence of IF overtime.
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(P=0.037), and high viremia (OR=12.56, P=0.0004) at at 
enrolmentwere more likely to experience HIVDR. Conversely, 
good adherence to ART (P=0.031), adequate ART regimen 
(P<0.0001), and GRT‑guided switch (P<0.0001), were 
protective factors against HIVDR. At 12‑months follow‑up, 
participants on first line ART had five‑times higher odds 
of experiencing HIVDR (OR=5.29, P=0.021); with those in 
IF having five‑times increased risk of HIVDR (OR=5.86, 
P=0.021). Meanwhile, being on adequate ART (OR=0.05, 

P=0.0004), and respect of previous GRT‑guided ART switch 
(OR=0.12, P=0.027), decreased the odds of experiencing 
HIVDR (Table III).

Following multivariate analyses, being on first‑line ART 
(P=0.045) at enrolment remained an independent predictor 
of HIVDR. At 6‑months, adequate ART (P=0.00002) was 
protective against HIVDR. At 12‑months follow‑up, being on 
first‑line ART (P=0.007), and IF (P=0.010) were independent 
predictors of HIVDR while adequate ART (P=0.002) was a 
protective factor.

HIV‑1 genetic diversity. We observed a great diversity of 
HIV‑1 genotypes with CRF02_AG predominance from 
T1‑T3 with respective proportions of 69.1% (38/55), 59.4% 
(57/96), and 58.3% (35/60), followed by the pure subtypes 
F2 (7.3, 9.4, and 11.7%), A/A1 (9.1, 6.3, and 10.0%), and G 
(5.5, 6.3, and 6.7%).

Distribution of time to end‑point events. The median (95% 
CI) survival times from ART initiation to the identification 
of virological failure (PVL ≥1,000 RNA copies/ml) and 
immunological failure (<250 cells/mm3) by Kaplan‑Meier 
plot were 69.00 (56.96‑81.04), and 58.00 (52.81‑63.18) months 
respectively; with P=0.017 (Fig. 2a).

Predictive efficacy of TLD. Considered effective were ARVs 
with susceptibility scores <30 according to the Stanford 
HIVDR database. For participants on 1st line RTI‑based regi-
mens, TDF showed 76.6% (95% CI: 67.5‑84.3) efficacy; AZT 
preserved 58.9% (48.9‑68.3) efficacy; ABC preserved 41.1% 
(31.7‑51.1) efficacy, and 3TC conserved 14.0% (8.1‑22.1) effi-
cacy. All PI/r preserved high levels of efficacy, that is, 98.1% 
(93.4‑99.8) for LPV/r and ATV/r; and finally 96.3% (90.7‑98.9) 
for DRV/r. There was a similar distribution of drug efficacies 
among those on 2nd line PI/r based regimens, with 61.8% 
(43.6‑77.8) TDF and AZT efficacies, 52.9% (35.1‑70.2) and 
20.6% (8.7‑37.9) ABC and 3TC efficacies respectively. Similar 
high efficacy was observed with DRV/r 100% (89.7‑100.0), 
as well as LPV/r and ATV/r 88.2% (72.6‑96.7)%. Therefore, 
on account of the efficacy of TDF after first‑ and second‑line 
exposure (76.6 and 61.8% respectively), the presence of the 
3TC‑favored M184V mutation  that renders TDF hyperactive 
(hence 3TC is not contraindicated despite its low efficacy 
scores, 14.0 and 20.6%), and the non‑exposure to integrase 
strand transfer inhibitors (and thus potential full efficacy of 
Dolutegravir), full TLD efficacy was predicted in 77 and 62% 
of APHI respectively after RTI‑based first‑ and PI/r based 
second‑line exposure.

Proposal for follow‑up of APHIs. At the end of this evaluation; 
follow‑up in rural sites (OR=2.16, P=0.007), being on 1st line 
RTI‑based ART (OR=1.92, P=0.024), and IF (OR=4.51, P=0.0001) 
were risk factors of VF (Table IIe). Conversely, good adherence 
(OR=0.46, P=0.005), and early clinical stages I/II (OR=0.43, 
P=0.036) were protective against VF. Multivariate analyses 
confirmed IF [OR (95% CI)=5.41 (2.25‑12.91), P=0.0002], and 
follow‑up in rural sites [OR=2.65 (1.24‑5.68), P=0.012] were 
independent risk factors of VF, while being on 1st line RTI‑based 
ART [OR=1.94 (0.99‑3.75), P=0.05], and having a median dura-
tion on ART ≥50 months [OR=1.83 (0.97‑3.45), P=0.06] tended 

Figure 1c. Trends of HIVDR across time points. Blue line: decreasing trend 
of HIVDR overtime.

Figure 1d. Trends of HIV drug resistance with respect to antiretroviral drug 
classes.
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towards significance. Meanwhile, good adherence [OR=0.36 
(0.19‑0.67), P=0.002] was protective, and early clinical stages 
[OR=0.44 (0.17‑1.14), P=0.091] tended towards significance. 
Moreover, adequate ART [OR=0.07 (0.01‑0.61), P=0.016] was the 
lone independent protective factor against HIVDR.

Following our results, we propose the following algorithm 
for optimized management of adolescents in RLS (Fig. 2b).

Discussion

At the end of the 12‑months follow‑up, this study showed that 
at enrolment clinical status was acceptable (90% in a less 
advanced stage of disease), with improving immunological 
and virological responses [565 (250‑851) cells/mm3 and 
60 (40‑24730) copies/ml] from enrolment to 586[387‑811] 
cells/mm3 and 51[20‑2622] copies/ml across 6‑ and 12‑months' 

Figure 1. Kaplan‑Meier analysis of time to immunological failure (CD4 <250 cells/mm3) and virological failure (PVL ≥1,000 RNA copies/ml) in the study 
population.

Figure 2A.

Figure 2B.
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time points respectively. Moreover, there was a statistically 
significant increased rate of switch from RTI‑based first‑line 
to PI/r‑based second‑line ART following genotypic resistance 
testing (GRT) recommendations.

From T1‑T3, early adolescence, early clinical stages, viro-
logical failure, follow‑up in rural study sites, and experiencing 
IF during the enrolment phase of the study were all independent 
predictors of IF. This could be favored by adherence issues, 
non‑disclosure of HIV status or absence of rigorous follow‑up 
of the young adolescent by parents/counselors, which may 
be worsened by the long distances traveled to access ART 
services, limited knowledge on HIVDR, and limited resources 
in rural settings. In addition, despite the discordance with our 
current findings, poorer virological control correlates with 
lower CD4 counts and hence resulting in IF thus favoring the 
emergence of opportunistic infections, the severity of which 
classifies patients into more advanced clinical stages (7,13‑16). 
This discordance could be due to the characteristic poor 
adherence among adolescents which could explain the adverse 
association between early clinical stages with IF.

The high VF rate observed in our study was comparable with 
those observed in other studies on this population (7,15,17‑20). 
From enrolment to 12‑months follow‑up, Immunological 
failure and being on RTI‑based first line ART were risk factors 
for VF, whereas early clinical stages I and II, and good adher-
ence to ART were protective factors. These results are similar 
to those obtained in previous studies (7,18,21‑23). The main 
targets of HIV are CD4+ helper T cells, which are key regu-
lators of the humoral and cellular immune responses. Thus, 
their destruction or depletion by HIV‑1 mechanisms that are 
not exhaustively understood render the body unable to defend 
itself against opportunistic pathogens (13), this combined with 
ARVs that have a low genetic barrier to HIVDR favor VF. 
In this regard, the advent of Dolutegravir (DTG) based regi-
mens which have demonstrated high effectiveness even when 
combined with NRTIs to which DRMs have been selected 
has been regarded as salutary, with significant decreases in 
treatment failure (24,25). However, despite the high genetic 
barrier of DTG to resistance, care must be taken and adher-
ence reinforced with heavily treated patients who have had 
previous/current acquired drug resistance (ADR) to the NRTI 
backbone in a bid to secure long‑term treatment success (24).

Majority of our study participants were on first line 
RTI‑based ART, with good adherence and median duration 
on ART of 36[21‑81] months. There was a high preva-
lence of HIVDR (>90%) among participants failing ART 
mainly driven by resistance to NNRTIs. Similar results 
were observed in other studies in Sub‑Saharan Africa 
(SSA) (7,18,21‑23,26,27). Of note, sequencing was performed 
in participants experiencing VF, which has HIVDR as one 
of its main causal factors. Independent risk factors favoring 
HIVDR were being on first line RTI‑based ART and expe-
riencing IF. On the other hand, good adherence to ART, 
and adequate ART (exposure to a functional tri‑therapy) 
were protective factors. The high resistance to RTI‑based 
regimens could be because fixed dose combination of 
NRTIs (such as d4T, 3TC) and NNRTIs (such as NVP) were 
widely used during early ARV rollout in the Cameroonian 
HIV programme and these guidelines were only renewed 
as recently as January 2021, with the use of the highly 
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effective integrase strand transfer inhibitor DTG in both 
first‑ and third‑line ART regimens, in combination with an 
NRTI‑backbone. Prolonged exposure to these ARVs with low 
genetic barriers to resistance in our study participants favored 
the accumulation of drug resistance mutations (DRMs), espe-
cially to NRTIs that play a key role in HIV tri‑therapy in the 
current treatment guidelines (28,29). Ritonavir‑boosted PIs 
(PI/r), and Dolutegravir‑based regimens on the other hand, 
in surplus to their high genetic barriers to resistance, also 
have a high degree of tolerance to poor observance, low cost, 
easy dosage, and potency. Despite the minimal impact on 
therapy effectiveness of DTG acquired resistance mutations 
in combination with accumulated resistance mutations to the 
NRTI backbone, there is only limited knowledge regarding 
the clinical implications of this in an intention‑to‑treat 
approach (24). 

Moreover, in the absence of resistance testing at ART 
initiation, patients infected with resistant HIV strains (trans-
mitted resistance) are likely to receive a suboptimal ART 
regimen and will most likely accumulate more DRMs. Our 
results, therefore, underscore the importance of viral load 
measurement as the primary marker of treatment efficacy 
and suggest the importance of switching ART regimens 
when there is evidence of virologic failure, following geno-
typic resistance testing, to prevent the accumulation of HIV 
acquired drug resistance. Our results show a statistically 
significant decrease in median time required to achieve 
favorable immune‑virological responses, thus indicating 
that close individualized monitoring, and careful selection 
of proper HAART regimens can improve both effective-
ness and sustainability of ART. This is especially crucial 
in a public health scale‑up of ART‑context, wherein large 
numbers of patients are on the same regimens with fewer 
monitoring resources for follow‑up of individuals and for 
community‑wide assessments. In terms of HIV‑1 genetic 
variability, a variety of pure subtypes and genetic variants or 
recombinants were observed in this study upon sequencing 
of the HIV‑1 polymerase and reverse transcriptase gene 
regions. Among these, the most prevalent viral clade consec-
utively was CRF02_AG. This rich genetic diversity and 
CRF02_AG predominance agree with multiple other studies 
carried out in Cameroon (21,30‑32). Worthy of note, HIV‑1 
subtypes display clade‑specific substitutions in positions 
relevant to drug resistance that could result in the acceler-
ated emergence of drug‑resistant viruses, alter or induce 
alternative pathways of resistance, influence viral replica-
tive capacity in vitro, impair the interpretation of genotypic 
resistance algorithms, and alter drug binding affinity (33). 
It is therefore imperative to carryout molecular epidemio-
logical surveillance especially in hotspots like Cameroon. 
One of the major limitations of this study was that due to its 
longitudinal design, loss to follow‑up of participants by the 
end of the study made it difficult to enroll the entire sample 
population, which may have had an impact on the statistical 
significance of the study results and the overall impact of 
the study findings on the target population. Furthermore, 
limiting sequencing only to those samples that had PVL 
≥1,000 RNA copies/ml led to an underestimation of drug 
resistance mutations as it is possible that samples with lower 
viral load also carry DRMs.
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Conclusions

In the population of APHI within this SSA setting, there is a 
significant decline in immuno‑virological failure following 
personalized monitoring. Of note, virological failure and HIVDR 
were independently associated with immunological failure and 
being on first line RTI‑based ART, while optimized ART was a 
protective factor. Moreover, immunological failure was associ-
ated with early age adolescence, early clinical stages, virological 
failure, follow‑up in rural study sites, and experiencing immuno-
logical failure at enrolment. Henceforth, promoting personalized 
ART management and optimized GRT‑informed Dolutegravir 
ART will improve therapeutic outcome. 
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