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Background: Access to antiretroviral therapy (ART) for the human immunodeficiency virus type 1 (HIV-1) has lowered morbidity and
mortality in people living with HIV. Unfortunately, over time, some experience the development of viral drug resistance (DR) under
therapy. Little is known about the percentages of people experiencing DR, and about the genetic patterns of DR among patients
failing second-line ART in Lesotho. This study aimed to assess the prevalence of HIV-1 resistance-associated mutations (RAMs) in the
viral target genes of the respective drugs in individuals with unsuppressed viral loads while taking second-line ART.

Methods: In a retrospective cross-sectional study, we sequenced all available plasma samples from individuals with a viral load
measurement > 1 000 copies/mL while taking second-line ART between January 2016 and October 2020. Sequencing was performed
using the commercial SeqStudio™ Genetic Analyser at the Seboche Mission Hospital Laboratory.

Results: Out of 55 samples meeting the eligibility criteria, 30 samples were successfully amplified and sequenced. The median age
of patients was 41 years (interquartile range [IQR] 30-49), and the majority (62%) of participants were female. The median duration
on a second-line ART regimen at the time of phlebotomy was 1.9 years (IQR 0.5-3.0). Most participants were taking ritonavir-
boosted lopinavir-based ART as their second-line therapy. Major RAMs describing those mutations in targeted gene therapy reverse
transcriptase (RT) and/or protease (PR) that led to virological treatment failure, were observed in 62% of participants; one patient had
major RAMs in the PR region, while 18 had RAMs in the RT region.

Conclusion: In our study, we found that 31% of the included individuals (10/30) had RAMs conferring resistance to their second-line
regimen during the first two years after switching to second-line ART.
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Introduction (NNRTI).* Guidelines were updated in 2019 to recommend a

first-line ART consisting of two NRTIs and an integrase strand
To date, there is no cure for HIV, although various approaches

have been used to eliminate the virus, e.g. latency-reverting
strategies, shock-and-kill approaches, or various vaccine
designs.! Nevertheless, the successful development of highly

transfer inhibitor (INSTI) for most people living with HIV. Second-
line regimens typically consist of a ritonavir-boosted protease
inhibitor (P1/r) combined with two NRTIs.>

active ART has led most infected individuals today to be able
to control the replication of HIV. Many people living with HIV
take ART and reach full viral suppression.2 The growing global
access to ART has resulted in a substantial decline in HIV-related
morbidity and mortality.3

In line with the World Health Organization (WHO)-consolidated
guidelines 2021, the national Lesotho ART guidelines
recommend the use of a combination of modern antiretroviral
drugs for all HIV-positive patients, intending to minimise the risk
of treatment failure. Until recently, most first-line ART in Lesotho
consisted of two nucleoside/nucleotide reverse transcriptase
inhibitors (NRTIs), constituting the “treatment backbone”, and
a non-nucleoside/nucleotide reverse transcriptase inhibitor
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Reliable data on the viral load suppression rate in a patient
on second-line ART is still scarce in Lesotho. However, a
national survey in 2020 (Lesotho population-based HIV impact
assessment [LePHIA]) reported an overall viral suppression rate
of 81.0% for the country.® Within Lesotho, suppression rates vary
per district; these were 74.6% in Butha-Buthe, while Mokhotlong
reached an 83.7% viral suppression rate.®

General access to ART for HIV is becoming increasingly available
in resource-limited settings, including in Lesotho. This raises
great concern regarding the development of drug resistance
since treatment centres and policymakers are concerned about
improper drug intake and issues of low adherence.”®
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HIV-1 DR is defined as the ability of the virus to mutate in the
gene, which is the target of a given therapeutic, leading to its
ability to reproduce itself despite the presence of antiretroviral
drugs.?

This study describes HIV-1 DR among patients with virologic
treatment failure while taking protease-inhibitor based second-
line ART in Lesotho.

Methods
Study location

The research was conducted in the Butha-Buthe district and
involved the Butha-Buthe Government Hospital and Seboche
Mission Hospital, as well as 10 other health centres supervised
by these two hospitals. One additional health centre from
Mokhotlong district was also included in the study.

Study design and participants

In a retrospective cross-sectional study, we used convenience
sampling of clinical specimens that were taken at the time of a
patient’s scheduled visit. This method of sampling was chosen
because the exact number of patients could not be predicted
upfront. Every consenting individual on second-line ART with
a viral load = 1 000 copies/mL, for whom remaining plasma
was available after routine viral load testing, was included in
the study. These samples were stored from January 2, 2016,
to October 26, 2020, in the -80 °C freezer at the Butha-Buthe
Hospital Laboratory. Whenever multiple samples were available
for a given participant, the second sample from the current
phlebotomy was used. Patients for whom resistance testing
failed, were excluded from further study analyses.

Laboratory analysis

While samples for different studies are routinely stored at
the Butha-Buthe Laboratory, only the samples that met
the study criteria were retrieved and transported as frozen
specimens to the Seboche Mission Hospital Laboratory for
HIV-1 resistance testing. Viral ribonucleic acid (RNA) extraction
was done manually using the PureLink™ Viral RNA/DNA Mini Kit
(Invitrogen, United States). All subsequent laboratory procedures
were performed according to a validated protocol. The individual
sequencing reactions (one per primer) were transferred to a 96-
well MicroAmp™ plate (Applied Biosystems, United States) and
loaded on the commercial SeqStudio™ genetic analyser for
sequencing. Sequence analysis and result validation were done
according to the manufacturer’s instructions.

Data analysis

All sequences were edited and visualised using the online recall
software (beta v3.05) and aligned to two references, a subtype B
HXB2 strain and a cloned subtype C reference strain (provided
by the University of Basel). For quality control, the HIV subtypes
of the obtained sequences were verified using phylogenetic
trees. Furthermore, potential sample contaminations with
material from parallel or previous analyses were excluded by
simultaneously analysing a pool of five samples and assessing

the pools for sequence identity with prior sequences from study
participants.

For genotypic resistance testing (GRT) analysis, the FASTA format
files (a text-based format for representing either nucleotide
sequences or amino acid [protein] sequences) were uploaded
to the online tool of the HIVdb Program (sequence analysis by
Stanford University) for mutational interpretation. Genotypic
sensitivity scores for the prescribed regimen at the time of
second-line failure were calculated based on the five stratified
Stanford HIVdb resistance categories, namely: susceptible,
potential low-level resistance, intermediate-level resistance, low-
level resistance, or high-level resistance.®

Statistical analysis

The corresponding data for each participant was extracted from
the Butha-Buthe online database. Data collected included sex,
age, ART history, current HIV viral load, and prior GRT information.
The data was analysed using Stata 16.1. Descriptive statistics
were used to describe the study population, with categorical
variables displayed as absolute numbers and percentages, and
continuous variables displayed as medians and IQRs. Tables |
and Il summarise the demographic data and resistance testing
outcomes.

Ethical consideration

The study was part of a protocol entitled “Implementation of
routine viral load monitoring in rural Lesotho: a prospective
cohort study on virologic outcomes among patients on ART
in Lesotho” (ID 134-2016), which had been submitted and was
approved by the National Health Research and Ethics Committee
of Lesotho.The study was also approved by the Ethical Committee
of the Central University of Technology, Free State.

Table I: Patient and medical characteristics

n=30
Female, n (%) 18 (62)
Male, n (%) @ 11(38)
Age in years, median (IQR) @ 41 (30-49)
Years on regimen at the time of sampling,
median (IQR) 1.9 (0.5-3.0)
Facility type, n (%)
Hospital 23 (77)
Health centre 7 (23)
Available data for the previous first-line regimen,
n (%)
TDF/3TC/EFV 14 (47)
AZT/3TC/NVP 6 (20)
AZT/3TC/EFV 5(17)
TDF/3TC/NVP 4(13)
ABC/3TC/EFV 1(3)
Regimen, n (%)
ABC/3TC/LPV/r 5(17)
AZT/3TC/LPV/r 14 (47)
TDF/3TC/LPV/r 9 (30)
TDF/3TC/ATV/r 1(3)
AZT/3TC/DTG 1(3)
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3TC - lamivudine, ABC - abacavir, ATV/r - atazanavir/ritonavir, AZT - zidovudine, DTG -
dolutegravir, EFV - efavirenz, LPV/r - lopinavir/ritonavir, NVP - nevirapine, TDF - tenofovir
disoproxil fumarate.

2 Data missing for one participant.
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Table II: Resistance testing outcomes

n=30
HIV subtype C, n (%) 30 (100)
Major RAMs detected, n (%) 2 18 (62)
Major RAMs detected in the PR region, n (%) 2 1(3)
Major RAMs detected in RT region (NRTI and NNRT),
n (%) 18 (62)
NRTI mutations 32
K65R 2 (6)
M184V 10 (31)
K219E/Q 3(9)
D67E 1(3)
D67N 2 (6)
K70R/E 5(16)
Y115F 2 (3)
K215F/Q/V 3(9)
T69D 1(3)
L74l 309
NNRTI mutations 26
K103N 10 (38)
Y181C 2 (8)
P225H 5(19)
K101E 3(12)
G190A 5(19)
V106M 1(4)
PR mutations
M46l 1(33.3)
154L 1(33.3)
V82L 1(33.3)
Number of fully active drugs in current regimen,
n (%) ®
3 17 (61)
2 5(18)
1 5(18)
0 1(3)
Regimen susceptibility score, n (%) ®
3 17 (61)
2.75 1(4)
25 0
2.25 1(4)
2 3(11)
1.75 1(4)
1.5 1(4)
1.25 0
1 3(11)
0.75 0
0.5 0
0.25 1(4)
0 0

2 Including one participant who received LPV/r-based ART with missing resistance data

for the PR region but RAMs detected in the RT region; including one participant receiving
DTG-based ART for whom no RAMs were detected in the PR or RT region; resistance data for
the IN region is not available.

b Missing for two participants: one receiving LPV/r-based ART with missing resistance data
for the PR region; and one receiving DTG-based ART due to the unavailability of resistance
data for the IN region.

Every sample was labelled with a unique identifier. The database
containing the study variables was strictly password-protected
and only accessible to involved members of the research team
and clinicians. Routinely, leftover plasma samples after viral load
monitoring were stored at -80 °C in the biobank for subsequent
analyses, such as resistance testing. A waiver of consent was
obtained since GRT was considered crucial for patient care and

not solely experimental.
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Results
Study population

Overall, there were 1345 samples from patients receiving second-
line ART available in the database, of which 147 samples had a
viral load = 1 000 copies/mL. Some individuals provided multiple
consecutive samples. Wherever this was the case, a subsequent
high viral load sample was used for analysis. This strategy was
used to verify therapy failure via the second specimen.

A total of 80 samples from 55 patients were available. A single
sample was processed for every one of the 55 patients. For 22
samples, the amplification reaction failed, while 35 samples were
successfully amplified. Sequencing results became available for
30 samples. One patient was included in the study who was on a
dolutegravir-based (DTG-based) regimen at the time of sampling.
The regions that were sequenced were PR, RT, and integrase (IN).

Socio-demographic and medical characteristics

The median age of the participants was 41 years (IQR 30-49),
and most individuals were female (18/29, 62%). Most of the
participants came from the two main hospitals: Butha-Buthe and
Seboche Hospital, accounting for 23/30 (77%). The remaining
specimens (7/30, 23%) were from other clinics (Muela, St. Paul’s,
Tsime, Mapholaneng, and St. Peter’s health centres).

An individual’s median time on a second-line ART regimen was
1.9 years (IQR 0.5-3.0), and the most frequently used regimen
was zidovudine-lamivudine-lopinavir/ritonavir (n = 14, 47%),
followed by tenofovir disoproxil fumarate-lamivudine-lopinavir/
ritonavir (n = 9, 30%), abacavir-lamivudine-lopinavir/ritonavir
(n = 5, 17%), tenofovir disoproxil fumarate-lamivudine-
atazanavir/ritonavir (n = 1, 3%), and zidovudine-lamivudine-
dolutegravir (n =1, 3%); see Table II.

RAMs

RAMs were identified in 18/29 (62%) of the specimens,
corresponding to 62% of the participants. One had RAMs in
the HIV-1 PR region, and 18 of them had RAM:s in the RT region.
There was one individual for whom the sequencing reaction of
the PR region failed, while mutations in the RT region could be
identified. All viruses in the analysis were of subtype C.

Discussion

In this study, we were able to successfully process and sequence
30/55 samples from patients with virologic failure while taking
second-line ART. We found that 18 (62%) participants had
RAMs, while no RAMs were detected in the remaining 12 (38%)
participants. The absence of detectable resistance despite an
elevated viral load suggests that those 12 patients were non-
adherent with their ART regimen or could not reach the necessary
drug levels needed to fully suppress the virus."'2 Other studies
suggest that the latter explanation is rare and therefore less likely
to be the cause of elevated load."

From 18 participants that harboured viruses with therapy-
associated resistance mutations, the vast majority had one or
more than one mutation in the RT region (NNRTI and/or NRTI
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mutations), while only one patient (3%) presented with major
protease inhibitor (PI) resistance mutations. This finding is in line
with the fact that RT resistance, and especially NNRTI resistance,
canreadily arise from a single mutation in the RT gene. In contrast,
Pls are considered drugs with a higher resistance barrier, which
means that more than one mutation is needed to lead to a fully
resistant phenotype of the mutated virus.'

Among all participants, only 10 (31%) had RAMs that conferred
resistance to the second-line regimen. According to the RAMs
detected in this study, most patients continued to have three
fully active drugs in their second-line regimen. This points to
the likely assumption that many of the identified RAMs reflected
resistance to the previous therapy regimen rather than the
current ART.

Many countries, including Lesotho, have in recent years shifted to
DTG-based second-line regimens as per WHO recommendations
for patients with treatment failure on NNRTI-based first-line ART.
The nucleosides and darunavir/dolutegravir in Africa (NADIA)
trial reports encouraging outcomes with full viral suppression
after switching to a DTG-based ART regimen. This is despite
rare events of DTG resistance in second-line DTG-based ART
regimens.’> Based on these findings, the close monitoring of
resistance patterns, including NRTI resistance, continues to
remain relevant after the roll-out of DTG in Lesotho.

We observed the M184V change as the most common mutation,
which is rapidly selected by lamivudine (3TC) and emtricitabine
(FTC) and is a common mutation in HIV-infected patients. The
presence of the M184V mutation may serve as an indicator of
incomplete drug intake or periods of non-compliance.The M184V
mutation itself has high fitness costs (reducing the capacity of
a virus to produce infectious progeny in a given environment).
In the drug’s presence, the harbouring virus retains the ability
to replicate and survive in a competitive therapy environment.
However, due to the high fitness cost, M184V rapidly becomes
undetectable by Sanger sequencing in the absence of drug
pressure.

In sharp contrast, other RT mutations, and especially the NNRTI
RAMs, may persist for much longer periods. The observed K103N
mutation confers high-level resistance to nevirapine (NVP) and
efavirenz (EFV), retains viral replication competence without
much loss (no high fitness costs), and can therefore persist for
months after treatment stops. Accordingly, we assume that
the observed K103N mutation was selected during first-line
therapy.'®

The outcomes of patients who have switched to second-line
ART vary by setting. In a study from Asia, treatment failure rates
of 8-41% have been reported, while other studies from African
settings found failure rates of 13-40%.'® One study from South
Africa reported a second-line ART failure rate of 25%.'" The
findings of our study of 16% (treatment failure) are in agreement
with the 13-40% of patients failing second-line ART within two
years, which has been reported for Africa.?’ Protease inhibitor
resistance was found to be rare because Pls are known to possess
a high resistance barrier where the virus needs several individual
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resistance mutations to become fully resistant to a drug.?' The
predominant NRTI resistance mutation observed in our study
was M184V (n = 10), which confers high-level resistance to 3TC
but may reduce viral replicative fitness, rendering this mutation
potentially less harmful than other RAMs.2?

Study limitations and recommendations

The main limitation of our study was the high technical failure
rate of polymerase chain reaction (PCR) amplification and
sequencing. This was because the conditions for the transport
of specimens from sampling to the laboratory could not be
controlled as travel times were often long (several hours at
ambient temperature). Consequently, the low amplification
success led to a small cohort. In addition, two samples could not
be sequenced, and hence no mutational analysis was possible.

Future research on the resistance topic should consider the
inclusion of a larger geographical area within Lesotho and
facilitate a defined sample transport system beyond the
currently established collection structures, which still tend to
employ insufficiently equipped sampling centres.

Conclusion

This study describes RAMs for patients from the Butha-Buthe
and Mokhotlong districts. The observed RAMs reflect a snapshot
in time and the current situation of HIV care in resource-limited
settings such as Lesotho.

The overall prevalence of RAMs was observed in approximately
31% of the participants on second-line ART during the first two
years after switching from first-line ART. In one patient (3%),
major Pl RAMs were detected, requiring a switch to third-line
treatment.
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