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ORIGINAL RESEARCH

Alarming rates of virological failure and HIV-1 drug
resistance amongst adolescents living with perinatal HIV in
both urban and rural settings: evidence from the EDCTP
READY-study in Cameroon
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Objectives

Adolescents living with perinatal HIV infection (ALPHI) experience persistently high mortality
rates, particularly in resource-limited settings. It is therefore clinically important for us to
understand the therapeutic response, acquired HIV drug resistance (HIVDR) and associated factors
among ALPHI, according to geographical location.

Methods

A study was conducted among consenting ALPHI in two urban and two rural health facilities in the
Centre Region of Cameroon. World Health Organization (WHO) clinical staging, self-reported
adherence, HIVDR early warning indicators (EWIs), immunological status (CD4 count) and plasma viral
load (VL) were assessed. For those experiencing virological failure (VF, VL > 1000 copies/mL), HIVDR
testing was performed and interpreted using the Stanford HIV Drug Resistance Database v.8.9-1.

Results

Of the 270 participants, most were on nonnucleoside reverse transcriptase inhibitor (NNRTI)-based
regimens (61.7% urban vs. 82.2% rural), and about one-third were poorly adherent (30.1% vs. 35.1%).
Clinical failure rates (WHO-stage III/IV) in both settings were < 15%. In urban settings, the
immunological failure (IF) rate (CD, < 250 cells/uL) was 15.8%, statistically associated with late
adolescence, female gender and poor adherence. The VF rate was 34.20%, statistically associated with poor
adherence and NNRTI-based antiretroviral therapy. In the rural context, the IF rate was 26.9% and the VF
rate was 52.7%, both statistically associated with advanced clinical stages. HIVDR rate was over 90% in
both settings. EWIs were delayed drug pick-up, drug stock-outs and suboptimal viral suppression.
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Conclusions

Poor adherence, late adolescent age, female gender and advanced clinical staging worsen IF. The
VF rate is high and consistent with the presence of HIVDR in both settings, driven by poor
adherence, NNRTI-based regimen and advanced clinical staging.

Keywords: adherence, adolescents, antiretroviral therapy, Cameroon, CD4 count, HIV drug

resistance, viral load
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Introduction

Since its discovery in 1983, over 70 million people have
been infected with HIV and over 35 million deaths have
been reported. By the end of 2017, over 36.9 million peo-
ple were found to be living with HIV, and there were
about 940 000 deaths during that same year [1-4]. The
greatest burden of disease is borne by sub-Saharan Africa
(SSA), accounting for c. 70% of the global infection [5].
It is notable that West and Central Africa account for
21% of the world’s new HIV infections and 30% of global
deaths from AIDS-related illness, and this includes
Cameroon [6]. In 2019, the prevalence of HIV in Camer-
oon was 2.7%, with a high rate of new infections among
adolescents and young people.

Antiretoviral therapy (ART) coverage for treating HIV
infection was estimated at 21.7 million worldwide by the
end of 2017. ART is a key element of the ambitious 90—
90-90% strategy put in place by the Joint United Nations
Program on HIV/AIDS (UNAIDS) with the goal of ending
the AIDS epidemic by 2030, indicating that 90% of peo-
ple living with HIV (PLHIV) should know their status,
90% of those diagnosed should be on ART and 90% of
these should be on virological suppression (VS) [6]. By
the end of 2018 in Cameroon, among 520 069 PLHIV
nationwide, 72.2% (337 862) were tested for HIV infec-
tion, 66.7% (281 083) of those tested were receiving ART,
57.2% (119 708) of those receiving ART were tested for
viral load (VL) and 77.8% (93 139) of those tested for VL
had viral suppression (< 1000 RNA copies/mL) [7-10]. In
spite of this progress, there are challenges in meeting the
desirbale target performance, of which HIV drug resis-
tance (HIVDR) is part of the bottleneck [10].

HIV drug resistance emergence and transmission are of
greater concern in SSA due to other programmatic fac-
tors, such as inappropriate prescribing practices, drug
supply, poor retention in care and limited access to refer-
ence laboratory monitoring assays (genotyping, VL, CD4,
etc.) [11].

Although the number of AIDS-related deaths has
decreased by 300 for all ages, the exception is the ado-
lescent age group (10-19 years old), who experienced a
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50% increase in the same period [12-18]. Notably, cur-
rent uptakes in Prevention of Mother-to-Child Transmis-
sion (PMTCT) and universal ART for children suggest that
any infected child stands at high risk of initial HIVDR,
related to varying PMTCT practices over time, use of
drugs with low genetic barrier to resistance, frequent
drug stock-outs and poor adherence. Coupled with high
viraemia in children and limited laboratory monitoring,
detection of treatment failure is often delayed, leading to
accumulation of HIVDR at rates as high as 80%, which
jeopardizes treatment outcomes in adolescence [16-17].
In such a context, strategies for optimal sequencing of
ART regimens would maximize long-term treatment suc-
cess and reduce AIDS-related morbidity and mortality for
adolescents living with HIV (ALHIV) as they grow
towards adulthood [18-19]. When evaluating the efficacy
of first- and second-line paediatric ART regimens in
resource-limited settings (RLSs), Boerma et al. [2]
reported the necessity to set up salvage paediatric thera-
pies that could be affordable in RLSs, which entails an
eventual need for newer second-line or third-line ART. In
the Central African Republic, an assessment of virological
response and drug resistance mutations (DRMs) revealed
349% of children in need of a second-line ART after first-
line failure, while 47% of those under second/third-line
ART were experiencing virological failure (VF) with at
least one major DRM, thus calling for improved paedi-
atric ART and monitoring strategies. Among Cameroo-
nian children (aged up to 12 years), a high rate of HIVDR
(c. 90%) was reported at first-line failure, after a median
time on ART of 2 years only; second-line ART guided by
genotyping showed c. 70% with undetectable viraemia
and c. 90% with viraemia < 1000 RNA copies/mL; and
CRF02_AG was the main viral clade [20]. As these chil-
dren grow older in Cameroon, evidence-based strategies
are needed to limit VF and HIVDR at adolescence, thus
ensuring long-term ART success and an effective transi-
tioning to adult care.

Our goal was to generate
improved recommendations for a successful long-term
management of adolescents living with perinatal HIV
infection (ALPHI) in SSA in general, and Cameroon in
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particular, with adequate and affordable transition poli-
cies from paediatric to adult regimens. To achieve this,
we assessed the therapeutic response to first- and second-
line regimens, drug resistance profiles and genotypes in
HIV-1 in the urban and rural settings of the Centre
Region of Cameroon. Specifically, we sought to determine
the proportion of these patients with clinical and
immunovirological failure; evaluated DRMs and circulat-
ing subtypes among those experiencing VF; determined
potentially active antiretroviral drugs for those with mul-
tiple DRMs having multi-drug resistance (MDR); and
evaluated HIVDR early warning indicators (EWIs) in the
study population.

Methods
Study design and target population

An analytical and cross-sectional study was carried out
from December 2018 to May 2019 among ALPHI aged
10-19 years and 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.
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Description of study sites

The study sites were from both urban and rural
settings of the Centre region of Cameroon, classified
as follows:

e two health facilities from the referral treatment centres
specialized in paediatric care, the Mother-Child Centre
of the Chantal BIYA foundation, (MCC-FCB), and the
National Social Welfare Hospital (NSWH), both in
Yaoundé (Fig. 1);

e two health facilities from the management units
located 30-50 km (Fig. 1) from the urban settings, the
Mbalmayo District Hospital, (HDMB), Mbalmayo, and
the Mfou District hospital, (HDMF), Mfou, with the
Nkomo Integrated Health Centre (NTHC) and the Bikop
Catholic Health Centre (BCHC) as satellite sites (Fig. 1)
in the Center Region of Cameroon.

Based on classification of healthcare facilities, the two
urban sites were secondary and the three rural sites were ter-
tiary structures. All sites were affiliated to the public sector
except for the NSWH which was para-statal. First- and sec-
ond-line ART regimens were provided at all sites. ART regis-
ters and patient medical files were available at all sites.
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e
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Fig. 1 Distribution of study sites. [Colour figure can be viewed at wileyonlinelibrary.com]
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Sampling method and eligibility criteria

Site selection was on the basis of: (1) years of experience
in paediatric ART management (> 3 years); (2) availabil-
ity of first- and second-line ART regimens at the clinic
pharmacy; (3) conformity to national ART guidelines; (4)
availability of ART registers, patient medical files and/or
a database; (5) the number of adolescents on ART per site
(n > 15), and geographical location (urban vs. rural).

An exhaustive and non-randomized sampling method
was used for participant enrolment, following eligibility
criteria.

Eligibility criteria

Inclusion criteria

The study included every ALHIV who was aged 10—
19 years, who had been receiving a standard first- or sec-
ond-line ART regimen for at least 6 months at one of the
study sites, and who provided written assent and written
proxy-informed consent from their legal guardian(s).
ALHIV were enrolled irrespective of PMTCT antiretroviral
history (exposed, not exposed or unknown exposure).

Non-inclusion criteria

The following were not considered for enrolment: ALHIV
not found (i.e. not formally registered) in the ART moni-
toring system of a study site, as well as ALHIV reported
to be ART-naive, to be on a drug regimen not included
in the national guidelines, or to be on a structured treat-
ment interruption.

Exclusion criteria

Any participant who decided deliberately/freely to with-
draw during the course of the study, or who transferred
away from a study site before the mid- or endpoint was
excluded from the study.

Consecutive enrolment of adolescents on ART was per-
formed in every study site, until full sampling was
achieved. The minimal sample size required to carry out
this study was established following statistical calcula-
tions [21].

Sample size

Assuming the rate of VF at 40%, a 95% confidence inter-
val (CI) and 800 statistical power, the sample size was
174 patients. Adding 10% potential long-term follow-up
(LTFU) during the 1-year study period and 20% sequenc-
ing failure rate, the minimal sample size was 243 ALHIV,
rounded-up to 250, and then further stratified into 150
ALHIV in the referral centres (75 per site) and 100 in the
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rural HIV management unit settings (50 per site), as per
coverage in ART in these two geographical locations.
Effectively 270 participants were enrolled, 196 from
referral centres and 74 from management units.

Data collection, quality assurance and data validation

Participants who were on ART for > 6 months, attended
one of the study sites for their follow-up visits and
agreed to take part in this study were invited to sign an
informed assent and provide written proxy-informed con-
sent from their legal guardian(s). We administered a stan-
dardized questionnaire to all ALHIV,
sociodemographic data, treatment history,
level, as well as basic clinical and biological parameters.
In addition, data were collected from ART registers,

covering
adherence

patient medical files, and pharmacy records. Incoherent
data were resolved by retrieving additional source docu-
ments available at the clinic. Making use of the self-re-
ported method for assessing adherence, poor adherence
was defined as the number of missing doses during the
last 30 days.

To ensure reliability in collected data, a final-year
medical student and an MSc student were trained in
HIVDR, program quality indicators (PQIs) and ART pro-
gramme, as well as in the procedures for PQI data
abstraction following the WHO strategy [22-25]. Col-
lected data were proofread for consistency, and then data
validation was done by a supervisor (senior virologist)
with field experience of the collection, monitoring, evalu-
ation and reporting of data in the ART programme.

Clinical and laboratory procedures

From each participant, we collected 10 mL of whole
blood in the study sites and transported these within 6 h
to the Chantal Biya International Reference Centre for
research on HIV/AIDS prevention and management
(CIRCB), Yaoundé, Cameroon. From these, plasma aliquots
were obtained after centrifugation at 1600 rpm for
10 min and stored at —80°C for further analysis.

CD4 cell count was performed using the Pima CD4
(Abbott/Pantech (Pty) Ltd, Westville, South-Africa) auto-
matic test as per the manufacturer’s instructions. Plasma
VL measurement was performed using the Abbott Applied
Biosystem platform (Real Time PCR AB m2000RT) as-per
the manufacturer’s instructions (Abbott Laboratories, Des
Plaines, IL, USA), with a detection threshold of 40 copies/
mL (lower) and 10 000 000 copies/mL (upper).

To increase sensitivity of the polymerase chain reaction
(PCR) amplification, HIV-1 RNA extraction was per-
formed from 1000 pL of plasma, and an initial 2-h
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refrigerated centrifugation at 14 000 rpm in order to con-
centrate viral RNA was also performed.

HIV-1 RNA was extracted manually from 140 pL of
plasma using the Qiagen protocol (QIAamp® DNA Mini-
kit; Qiagen, Courtaboeuf, France). Genotypic resistance
testing (GRT) was done when the VL was > 1000 copies/
mL using a homemade protocol [26], which amplifies the
protease and reverse-transcriptase regions in the pol gene
fragment (~1600 bp). PCR products were sequenced using
the Applied Biosystems 3500 genetic analyser; the
sequences thus obtained were edited using Bio-edit
v.5.0.26 software and DRMs were interpreted using the
Stanford HIV drug resistance database v.8.9-1. Subtyping
was done using MEGA v.10 for molecular phylogeny.

Data interpretation

The major outcomes of the study were the rate of
immunovirological failure among ALHIV, antiretroviral
(ARV) drug resistance profile including ARV DRMs with
ARV drug resistance defined as the presence of a geno-
typic resistance to at least one ARV drug, and the viral
genetic diversity among these adolescents. A mnormal
immune status was defined as absolute CD4 count > 250
cells/uL and immunological failure (IF) as < 250 CD4
cells/uL, virological suppression (VS) as VL < 40 HIV-1
RNA copies/mL and VF as VL > 1000 RNA copies/mL.
Adherence was evaluated by self-reporting, and poor
adherence was defined as missing more than one dose of
ART during the last 30 days.

HIV drug resistance EWIs were interpreted following
the WHO recommendations as defined by the respective
target performance from EWI 1 to EWI 7, shown in
Table 1.

Statistical analysis

Dependent variables were IF, VF and HIVDR, while inde-
pendent variables were age range, duration on ART, ART

Table 1 Early warning indicators (EWIs) and their target performances

regimen line, adherence level, gender, clinical stages and
viral subtypes. ¥* and Fisher’s exact tests were used to
determine associations between qualitative variables.
Multivariate logistic regression models were used to
assess the relationship between the dependent and inde-
pendent variables (which had a P-value < 0.2 in univari-
ate analyses), and a linear regression model was used to
evaluate the predictive value of CD4 count in cases of
VE. Data were analysed using Epi Info v.7.2.2.16 (CDC,
www.cdc.gov) with P < 0.05 considered statistically sig-
nificant.

Ethical considerations

Ethical clearance no. 2018/01/981/CE/CNERSH/SP for the
study was obtained from the national ethics committee
for research on human subjects in Yaoundé, Cameroon. A
research authorization was obtained from the CIRCB
directorate and administrative authorizations from the
study sites. Confidentiality and core ethical values were
respected. Laboratory results of viraemia CD4 cell count
and GRT were freely delivered to each participant for
their clinical benefits, data management was kept strictly
confidential through the use of unique identifiers and
access to data was protected by a password.

Results
Sociodemographic characteristics of study population

After exhaustive sampling, a total of 196 (112 from
MCC-FCB and 84 from NSWH) adolescents and 74 (51
from HDMF and 23 from HDMB) adolescents were
enrolled in the two urban study sites and in the two rural
study sites respectively. With respect to geographical
location, females were more represented (56.1%) in the
urban sites while both males and females were equally
distributed in rural sites; the median (IQR) age of partici-
pants was 16 (14-18) years in urban and 14 (12-17) years

Green  Amber Red

EWIs EWI target (%) (%) (%) (%)

1. On-time pill pick-up (% of patients who picked up drug before or on the planned date at the hospital > 90 > 90 80-90 <80
pharmacy during the past 12 months of ART)

2. Retention on ART (% of patients retained during the past 12 months) > 85 > 85 75-85 <75

3. No pharmacy drug stock-out (% of months with no stock-out of any ARV drug during the past 12 months) 100 100 NA <100

4. Dispensing practices (% of adolescents receiving a triple ART as per the national/WHO guidelines), without 100 100 NA <100
monotherapy or dual therapy

5 Viral load coverage (% of patients on ART receiving at least one routine viral load test in a year) >90 > 70 NA <70

6. Viral load suppression (% viral load suppression among people on ART with a viral load test available). > 90 > 90 75-90 <75

7. Proportion of switch to second-line ART (at least 5% of people receiving second-line ART) >5 100 NA <100

ART, antiretroviral therapy; ARV, antiretroviral; NA, not applicable; WHO, World Health Organization.
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in rural sites; with respect to age ranges, late-aged ado-
lescents (15—19 years) accounted for 64.8% in urban sites
whereas early aged adolescents (10-14 years) represented
(52.7%) in rural sites.

Clinical and biological characteristics of study
population

The median [interquartile range (IQR)] duration on ART
was 9 (4-11) years in urban sites vs. 5 (3-9) years in rural
sites; 61.7% (121/196) of participants were on nonnucle-
oside reverse transcriptase inhibitor (NNRTI)-based regi-
mens in urban sites [with 67.9% (57/84) and 71.4% (80/
112) good self-reported adherence in NSWH and MCC-
FCB, respectively] vs. 82% (61/74) in rural sites [with
64.86% (48/74) good self-reported adherence to ART].
The majority of the adolescents in both urban [91.0%
(178/196)] and rural sites [87.8% (65/74)] were in clini-
cally asymptomatic stages (I and II).

The median (IQR) CD4 count was 541 (330.5-772)
cells/uL with a 15.8% (31/196) prevalence of IF in urban
sites vs. 482 (195-808) cells/uL with a 26.9% (18/67)
prevalence of IF in rural sites (Table 2). The median VL
was 64 RNA copies/mL (with values ranging from < 40
to 2 331 109 RNA copies/mL) in urban sites vs. 2649
RNA copies/mL (with values ranging from < 40 to
3 512 122 RNA copies/mL) in rural sites. Viral load val-
ues were distributed as shown in Table 3. The prevalence
of VF was 34.2% (67/196) in urban vs. 52.7% (39/74) in
rural sites [with odds ratio (OR) (95% CI) = 2.15 (1.25—
3.69) and P-value of 0.005 between the two sites].

In the urban setting, bivariate analysis revealed that IF
was significantly higher in older adolescents (19.9%) than
in younger ones (8.7%) [P = 0.04, OR (95% CI) = 2.57
(1.0-6.6)]. Patients with poor adherence (23.7%) were
more likely to experience IF as opposed to those with

Table 2 Distribution of CD4 count ranges at urban study sites (a)
and rural study sites (b)

CD4 count ranges Frequency Percentage
(a) Rural sites
< 100 6 8.96%
100-250 12 17.91%
251-499 17 25.37%
> 500 32 47.76%
Total 67 100.00%
(b) Urban sites
<100 8 4.08%
100-250 23 11.73%
251-499 61 31.12%
> 500 104 53.06%
Total 196 100.00%

CD4, cluster of differentiation 4
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good adherence (12.4%) [OR (95% CI) = 2.2 (1.1-4.9),
P = 0.04]. However, there was no significant association
between IF and study site, gender, duration on ART and
ART regimen line. Multivariate analysis (Table 4) revealed
that the factors that could serve as predictors of IF were
older age [OR (95% CI) = 1.24 (1.03-1.5), P = 0.02],
female sex [0.4 (0.2-0.9), P = 0.04] and poor adherence
to ART [0.4 (0.2-0.9), P = 0.04].

In the rural setting, bivariate analysis between IF and
gender, age range, study sites, ART regimen line and
adherence level revealed that there was no significant
association; however, there was a statistically significant
association between IF and clinical stages [OR (95% CI) =
0.128 (0.03-0.59), P = 0.003]. Multivariate analysis
(Table 4) with the variables regimen line, WHO clinical
stages, self-reported adherence, site group and age ranges
revealed that WHO clinical stage was the only variable
that was independently associated with IF [OR (95% CI) =
0.10 (0.02-0.58), P = 0.009].

With respect to VF within the urban context, bivariate
analysis revealed that VF was significantly associated
with poor adherence [OR (95% CI) = 2.1 (1.1-3.9),
P = 0.02]. In addition, participants on first-line ART were
twice as likely to experience VF [OR (95% CI) = 2.1 (1.1-
4.1), P = 0.02]. Moreover, participants in clinical failure
were three times more likely to experience VF (95% CI:
1.3-9.3, P =0.01), and being in immunological failure
increased the probability of experiencing VF [OR (95%
CI) = 3.9 (1.7-8.6), P < 0.001]. However, factors such as
age ranges, study site, gender and duration on ART had
no significant association with VF. Multivariate analysis
(Table 5) between VF and its associated factors, age, ART
line, adherence, gender and study site, revealed that the
predictive factors of VF were: being on first-line ART [OR
(95% CI) = 2.58 (1.29-5.17), P = 0.01] and poor adher-
ence to ART [0.4 (0.24-0.90), P = 0.02].

In the rural setting, bivariate analysis revealed that
there was no significant association between VF and its
associated factors (age range, gender, ART regimen line,
adherence) except with advanced clinical stages [OR (95%

Table 3 Distribution of viral load ranges at rural study sites (a) and
urban study sites (b)

Viral load range Frequency Percentage
(a) Rural sites
< 40 29 39.19%
40-999 6 8.11%
> 1000 39 52.70%
(b) Urban sites
< 40 86 43.88%
40-999 43 21.94%
> 1000 67 34.18%

HIV Medicine (2021), 22, 567—580
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Table 4 Predictors of immunological failure (IF) at urban study sites (a) and rural study sites (b)

0Odds of
immunological
failure 950 Cl P-value Interpretation
(a) Urban sites
Age 1.24 1.03-1.50 0.02 Being an older adolescent increases the risk
(10-14/15-19 years) of immunological failure 1.24-fold
Gender 0.40 0.20-0.90 0.04 Males have less risk of IF than do females
(male/female)
Adherence 0.40 0.20-0.90 0.04 Being poorly adherent to ART increases the risk of IF
(good/poor)
ART line (first/second)* 0.60 0.20-1.32 0.20
Site (CME/CNPS) 1.63 0.70-3.90 0.25
(b) Rural sites
ART line 0.46 0.10-2.13 0.324
(first/second)*
WHO clinical stages (I/1I; 111/IV) 0.10 0.02-0.58 0.009 The likelihood of participants in clinical stages I/Il
experiencing IF is lower than that for those in stages lll/IV
Adherence (good/poor) 1.86 0.45-7.76 0.396
Site group (HDMF/CMAN, HDMB/CSCB) 0.72 0.18-2.82 0.637
Age ranges 1.97 0.56-6.88 0.289
(10-14/15-19 years)
Gender 0.74 0.22-2.51 0.634

(female/male)

ART, antiretroviral therapy; Cl, confidence interval; CMAN, Nkomo Integrated Health Centre; CME, Mother-Child Centre of the Chantal BIYA founda-
tion; CNPS, National Social Welfare Hospital; CSCB, Bikop Catholic Health Centre; HDMB, Mbalmayo District Hospital; HDMF, Mfou District Hospital.
*First-line ART consisted of two nucleoside reverse transcriptase inhibitors (NRTIs) + one nonnucleoside reverse transcriptase inhibitor (NNRTI); second-
line ART line consisted of two NRTIs + one ritonavir-boosted protease inhibitors (PI/r).

Table 5 Predictors of virological failure (VF) at urban study sites (a) and rural study sites (b)

Variables Odds of VF 950 Cl P-value Interpretation

(a) Urban sites

Age 1.1 0.98-1.27 0.09
(10-14/15/19 years)

ART line 2.58 1.29-5.17 0.01 Being on first-line ART increases the chance of being in
(first/second)* VF two-fold

Adherence 0.47 0.24-0.90 0.02 Being poorly adherent to ART increases the chance of
(Good/Poor) being in VF

Gender 0.75 0.40-1.42 0.38
(female/male)

Site 1.74 0.92 —3.30 0.08
(CME/CNPS)

(b) Rural sites

Age range (10-14/15-19 years) 2.356 0.842-6.593 0.103

ART line (first/second)* 0314 0.069-1.409 0.130

Adherence (good/poor) 0.635 0.216-1.866 0.409

Clinical stages (I/II, 11/IV) 0.099 0.011-0.929 0.043 Participants with clinical stages IlI/IV have greater odds of

VF than do those with clinical stages I/Il.

ART, antiretroviral therapy; Cl, confidence interval; CMAN, Nkomo Integrated Health Centre; CME, Mother-Child Centre of the Chantal BIYA founda-
tion; CNPS, National Social Welfare Hospital; CSCB, Bikop Catholic Health Centre; HDMB, Mbalmayo District Hospital; HDMF, Mfou District Hospital.
*First-line ART consisted of two nucleoside reverse transcriptase inhibitors (NRTIs) + one nonnucleoside reverse transcriptase inhibitor (NNRTI); second-
line ART line consisted of two NRTIs + one ritonavir-boosted protease inhibitor (PI/r).

CI) = 0.11 (0.01-0.96), P = 0.02]. Multivariate analysis HIV-1 genotypic resistance profile

between VF and its associated factors, age range, ART Among the 67 patients in VF (34.2%) in the urban study

regimen line, adherence and clinical stages (Table 5), sites, 64 sequences were obtained. Of the 64 sequences,
showed that the only variable that was independently 49 (76.6%) belonged to participants on first-line ART and
associated with VF was clinical stage [OR (95% CI) = 15 (23.4%) on second-line with a 92.2% (59/64) preva-
0.099 (0.01-0.93) and P = 0.043]. lence of acquired HIVDR. In the rural setting, of the 74
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participants enrolled, 39 (52.7%) experienced VF. From
the latter, 31 sequences were successfully obtained and,
of these, 28 (90.32%) were shown to experience HIVDR
to the ART regimen they were exposed to with at least
one DRM.

The prevalence of HIV DRMs was higher in participants
on a first-line reverse transcriptase inhibitor-based (RTI-
based) ART regimen than in those on second-line riton-
avir-boosted protease inhibitor (PI/r)-based ART, with
proportions of 78.1% (50/64) vs. 80.7% (25/31) to nucle-
oside reverse transcriptase inhibitors (NRTIs), 89.1% (57/
64) vs. 90.3% (28/31) to NNRTIs, and 4.7% (3/64) wvs.
3.2% (1/31) to PI/r, in urban ws. rural sites, respectively.
The major HIV DRMs to all three ARV drug classes are
shown in Figs 2—4. With respect to the class of NNRTIs,
the prevalence of DRMs to first-generation NNRTIs was
89.1% (57/64) vs. 90.3% (28/31), and to second- genera-
tion NNRTIs was 81.3% (52/64) vs. 38.7% (12/31) in
urban vs. rural sites, respectively, in spite of the absence
of second-generation NNRTIs in the Cameroonian
national ART programme. In addition, the prevalence of
dual class resistance (NRTIs + NNRTIs) was 76.6% (49/64)
vs. 77.4% (24/28) and that of triple class resistance
(NRTIs + NNRTIs + PI/r) was 4.7% (3/64) vs. 3.2% (1/28)
in urban vs. rural sites, respectively.

Association analysis revealed that there was no signifi-
cant association between HIVDR and factors such as gen-
der, age range, regimen line, viral subtypes (CRF02_AG
vs. non CRF02_AG) and adherence in both urban
and rural study sites. Details are provided in Figures 2, 3
and 4.
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Genetic diversity of HIV-1 subtypes

The most common genetic variant was circulating recom-
binant form, CRFO2_AG (60.9% wvs. 54.8% in urban wvs.
rural sites, respectively). The presence of two unclassified
unique recombinant forms (URFs), URF A1/G and URF G/
A1, in the urban sites is noteworthy. Moreover, the pro-
portion of pure subtypes vs. recombinants was 23.5% wvs.
76.5% and 32.3% ws. 67.7% in urban and rural sites,
respectively. Subtype/genetic
shown in Table 6.

variant distribution is

Assessing early warning indicators (EWIs)

Seven HIVDR EWIs were assessed using WHO standard
values shown in Table 1. This revealed that the major
factors driving HIVDR were delayed drug pick-up, drug
stock-outs and poor VL suppression rate in both urban
and rural study sites, as shown in Table 7.

Discussion

Increased access to ART for HIV-infected children in SSA
has resulted in reductions in HIV-related morbidity and
mortality in children, but these benefits are threatened as
they mature into adolescents, with increasing mortality
rates [27]. This study addressed therapeutic outcomes and
HIV-1 drug resistance patterns among ALPHI in urban
and rural settings in Cameroon, as there are limited find-
ings in the target population in our setting. A total of
270 adolescents were enrolled who met the inclusion

M Frequency

Fig. 2 Frequency of drug resistance mutations (DRMs) to nucleoside reverse transcriptase inhibitors (NRTIs) at urban sites. [Colour figure can

be viewed at wileyonlinelibrary.com]
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criteria, with a sampling rate beyond minimal size, which
supports the representativeness of our findings and exter-
nal validation of our data with regard to the target popu-
lation of ALPHI in similar settings in SSA.

All participant ages ranged from 10 to 19 years, with a
median age of 16 years in urban settings and 14 years in
rural settings. These findings are different from findings
in a study carried out by Fokam et al. [3] in a similar
urban context in 2017, where the median age was
13 years, thus indicating progressive growth to adult-
hood. With regard to classification of adolescents into

age groups, the early-age adolescents were a larger

© 2021 British HIV Association

proportion compared with the late-age adolescents in the
rural context. This could be explained by the fact that
older adolescents have consistently been susceptible to
challenges such as sexual development (puberty),
decreased adherence, disclosure of HIV status, adverse
social stigma with regard to their condition in both
resource-rich and -limited countries, all of which are fac-
tors that favour decreased adherence to treatment, loss to
follow-up and hence high mortality rate in adolescents
aged > 15 years [28]. It is worth noting that some of
these patients transition to adult care in urban settings
with the aim of furthering their studies or learning a
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Table 6 Distribution of HIV-1 subtypes/genetic variants at urban
sites (a) and rural sites (b)

Subtypes Frequency Percentage

(a) Urban sites
Al 6 9.38%
URF A1/G 2 3.13%
URF G/A1 1 1.56%
CRFO1_AE 1 1.56%
CRF02_AG 39 60.94%
CRF13_cpx 2 3.13%
CRF11_cpx 1 1.56%
CRF18_cpx 1 1.56%
CRF37_cpx 1 1.56%
D 1 1.56%
F2 5 7.81%
G 4 6.25%
Total 64 100%

(b) Rural sites
A 2 6.45%
CRF11_cpx 1 3.23%
CRF13_cpx 1 3.23%
CRF18_cpx 1 3.23%
CRF37_cpx 1 3.23%
CRF02_AG 17 54.84%
D 1 3.23%
F2 4 12.9%
H 1 3.23%
G 2 6.45%
Total 31 100%

Cpx, complex; CRF, circulating recombinant form; URF, unknown recom-
binant form.

trade. This may explain a predominance of late-age ado-
lescents in the urban context (65%). There was a slight
female predominance in the urban context (female/male
ratio of 6/5), which is in line with the national data from
the birth registry in the country. This distribution pattern
was also similar to studies by Fokam et al. [3], Koech
et al. [29] and Sithole et al. [30] in Cameroon, Uganda
and Zimbabwe respectively, all studies showing a female
predominance of 52% and 829%, respectively. This shows
that females are probably more at risk of being infected
with HIV than males even in the urban context, as stated
in recent WHO findings [31-33], but this is not the case
in rural settings with a female/male ratio of 1:1. With
regard to duration of treatment in urban and rural con-
texts, the overall median durations on ARV were 9 and
5 years, respectively. This indicates longer exposure to
ARVs at urban sites than at rural sites, due to relative
differences in accessibility to healthcare, standards of liv-
ing and literacy, leading to earlier diagnosis and com-
mencement of ART. Over 61.7% ws. 829% of these
adolescents were on first-line (NNRTI-based regimens), in
urban vs. rural settings, respectively. Findings by Fokam
et al. [3] in 2017 gave a proportion on first-line therapy
of > 929, implying a relative decrease in NNRTI use, fol-
lowing increased detection of VF, which is concordant

© 2021 British HIV Association

with the national ART programme [34]. With regard to
self-reported adherence to ART, we observed that up to
30% and 35% of our participants in urban and rural set-
tings, respectively, had poor levels of adherence. These
findings are dissimilar to those obtained by Fokam et al.
in 2017, with up to 64% of poor adherence; findings by
Natukunda et al. [35] in Uganda rather showed a poor
adherence level of 20%. The observed difference between
these studies is due to varying behaviours throughout
adolescence and possible information bias attributed to
the self-reported approach used [3,35]. Moreover, other
researchers recommend use of multiple methods such as
caregiver and youth self-reports, pill count and pharmacy
records [36].

The overall rate of clinical failure was < 15% (9.2%
urban vs. 12.2% rural). Our findings are relatively differ-
ent from a study carried out by Muri et al. [37] in 2016
in Tanzania where they had clinical failure rates as high
as 45% (done only in rural setting). This discrepancy can
be explained by the fact that the children enrolled in the
latter study had a longer follow-up period, combined
with suboptimal adherence [OR (95% CI) =3.90 (1.11-
13.68)] and pre-ART data suggesting that > 850 had
acquired key mutations during treatment that resulted in
therapeutic failure translating into clinical failure.

We observed IF rates (CD4 < 250 cells/uL) of 15.8%
and 26.9% in urban and rural settings, respectively. This
is slightly different from the 21.4% figure in a study by
Fokam et al. in the same urban setting in 2017, a dis-
crepancy that can be attributed to a lower cut-off for
immune failure in our study. Recent guidelines from
WHO explain the relatively lower rate in the urban con-
text [38]. In the rural setting, the rate of IF was higher
in males, 28.13%, within the early adolescence age
range. This was not in agreement with the study carried
out by Bailey et al. [39] within a cohort of 903 ALPHI
in South America. This discrepancy could be attributed
to adherence issues, disclosure of HIV status or rigorous
follow-up of the young adolescent by parents or coun-
sellors. The overall relatively low prevalence of IF in
adolescents could be due to their better immune recov-
ery as compared with older adults, related to high thy-
mic scores and immune restoration, giving them greater
capacity to recruit and repopulate CD4 cells. Considering
multivariate analysis IF in urban settings, it was noted
that a poorer immune status remained significantly
associated with older age, female gender and poor
adherence. This can be explained by a decline in CD4 as
adolescents grow towards adulthood, which in turn indi-
cates a higher vulnerability to disease and increased risk
of mortality [40]. These findings are in agreement with
those of Makadzange et al. [27], where immunological
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Table 7 Program quality indicators for urban study sites (a) and rural study sites (b)

EWIs per site EWI, EWI, EWI, EWI, EWIs EWIlg EWI;,
Target > 90% > 85% 100% 100% > 90% > 90% > 500
()

Mother and child centre 81.7%

(98/120)

National social welfare hospital

(b)
Mfou District Hospital 83.3%
(15/18)

Nkomo Medical Centre

Mbalmayo District Hospital

EWI, early warning indicator(s).

Performance: green, desirable; amber, fair; red, poor. NNRTIs). [Colour table can be viewed at wileyonlinelibrary.com]

failure was more frequent in older adolescents, which
proves that advanced age leads to significant immune
remodelling and decline [41]. In rural settings, however,
the risk of IF in participants in clinical stages III/IV was
higher than for those in stages I/II (P = 0.03). This could
be explained by the fact that severe clinical symptoms
have severe immunodepression as an underlying cause;
therefore, patients in clinical stage class III/IV are gener-
ally immunodepressed, resulting in the emergence of
opportunistic infections.

With regard to VF, we observed VF rates as high as
34.20 and 52.7% in urban and rural settings, respec-
tively. This implies that up to a third of ALPHI in urban
settings, and up to half of those in rural settings, fail to
suppress and sustain their VL to the < 1000 RNA copies/
mL threshold. This is below the 90-90-90 targets recom-
mended by UNAIDS [1]. These results are different from
findings by Fokam et al. with a VF rate of 20.7% [3]. This
discrepancy can be attributed to the fact that ART effec-
tiveness is increasingly challenged by the remoteness in
Cameroon, especially in rural settings, and could be due
to both patient-related factors, such as longer distance
and time to reach the hospital, lower incomes, lower lit-
eracy, and poorer living conditions in these RLSs, and
programmatic factors such as poor knowledge and expe-
rience of healthcare workers in HIV/AIDS management
and ART use, staff shortage (especially physicians and
pharmacists), poor laboratory infrastructure and high fre-
quency of drug stock-outs [42]. Multivariate analysis of
VF confirms poor adherence and NNRTI-based regimen
use as strong predictors in urban settings, showing that
good adherence and use of second-line ART produce bet-
ter virological outcomes, due to the higher genetic barrier
of ritonavir-boosted protease inhibitors (PI/r). This is in
agreement with findings by Natukanda et al. [35], Muri

© 2021 British HIV Association

et al. [37] and Salou et al. [43], but disagrees with find-
ings by Fokam et al. [26] and Zanoni et al. [44]. In rural
settings, younger adolescence and advanced clinical stage
were found to be predictors of VF. This disagreed with a
previous study by Adejumo et al. [36], which suggested
that VF was poorer among older adolescents due to
poorer ART adherence patterns.

Among 64/67 patients and 31/39 who benefited from
GRT in urban and rural samples, respectively, prevalence
of HIV DRMs was very high (92.2% wvs. 90.3%), particu-
larly in those on a NNRTI-based regimen, due to its
weaker genetic barrier and prolonged use as opposed to
the high genetic barrier and higher potency of PI/r. With
respect to ARV drug class, the prevalence rates of HIVDR
in urban vs. rural setting were 78.1% vs. 80.7% to NRTIs,
89.1% wvs. 90.3% to NNRTIs, and 4.7% vs. 3.2% to PI/r
[31, 37, 43-46]. It is also worth noting that DRM rate to
second-generation NNRTIs is high (81.3% wvs 38.7% in
urban and rural settings despite an absence of these drugs
in the Cameroonian ART programme. This is due to
cross-resistance from first-generation NNRTIs in those
who present with the highest DRM rate. Thus, VF is effec-
tively a result of DRMs, which in turn greatly renders
ART ineffective [47].

With regard to EWIs, factors that favoured HIVDR were
delayed ARV pick-up, consistent drug stock-outs and
poor VS in both settings. These could be as a result of
suboptimal adherence and heavy workload at pharmacies
to dispense these drugs. Another reason for the stock-out
could be the relative absence of a concise plan for ado-
lescents who have to be managed with either paediatric
or adult regimens, without a specific dedicated facility.
These findings are partly in agreement with findings by
Fokam et al. [48] in 2016 in the Centre Region of Camer-
oon with respect to drug stock-outs. However, the factor
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regarding VS was not assessed in similar studies within
the same country [48,49].

Limitations included the cross-sectional design of the
study and the inability to take into account psychosocial
effects that could impact therapeutic outcomes.

Conclusions

In summary, ALPHI receiving ART at both urban and
rural study sites generally appeared asymptomatic, with a
low rate of IF. Nonetheless, IF increases with older age
(15-19 years), female gender and poor adherence. VF at
both urban and rural study sites is alarming, especially
with first-line NNRTI-based ART urban settings and
advanced clinical stage in rural settings. This high rate of
VF is consistent with acquired drug resistance in both
urban and rural settings, driven by resistance to the
NNRTI class. This is also alarming, considering that these
adolescents need lifelong treatment (i.e. presumably for
many decades), while the MDR-based restriction of thera-
peutic options might hamper their life expectancy consid-
erably in the coming years. Although CRF02_AG remains
the most predominant variant for both the urban and
rural study sites, there is a growing genetic diversity with
potential novel unique recombinants within the urban
context. Programmatic factors favouring HIVDR are
delayed ARV drug pick-up, pharmacy stock-outs and
poor VS.
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