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ABSTRACT To ensure the long-term efficacy of dolutegravir (DTG), we evaluated the
genotypic profile in viral reservoirs among patients on third-line (3L) antiretroviral therapy
(ART) in Cameroon, according to prior exposure to raltegravir (RAL). A facility-based study
was conducted from May through December 2021 among patients on 3L ART from HIV
treatment centers in Yaoundé and Douala. Viral load was measured, and genotyping was
performed on plasma RNA and proviral DNA. HIV-1 drug resistance mutations were inter-
preted using HIVdb.v9.1 and phylogeny analysis was performed using MEGA.v7, with P ,

0.05 considered significant. Of the 12,093 patients on ART, 53 fully met our inclusion crite-
ria. The median (IQR) age was 51 years (40 to 55 years), and the male/female ratio was 4/
5. The median duration on integrase strand-transfer inhibitors (INSTI)-containing regimens
was 18 months (12 to 32 months), and 15.09% (8/53) were exposed to RAL. The most
administered 3L ART was TDF13TC1DTG1DRV/r (33.96%, 18/53). Only 5.66% (3/53) had
unsuppressed viremia (.1000 copies/mL). Resistance testing in proviral DNA was success-
ful for 18/22 participants and revealed 1/18 patients (5.56%, in the RAL-arm) with
archived mutations at major resistance positions (G140R and G163R). Five subtypes were
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identified, CRF02_AG (12/18), CRF22_01AE (3/18), A1 (1/18), G (1/18), and F2 (1/18). In
Cameroon, 3L-experienced patients had a good virological response with a low level of
archived mutations in the integrase. This finding underscored the use of DTG-containing
ART for heavily treated patients in similar programmatic settings. However, patients with
prior exposure to RAL should be closely monitored following a stratified or personalized
approach to mitigate risks of INSTI-resistance, alongside pharmacovigilance.

IMPORTANCE We described the analysis of the genotypes of the population within
third-line antiviral therapy in Cameroon, with a focus on defining the effects of prior ralte-
gravir (RAL) treatment and resistance mutations for current dolutegravir (DTG) treatment.
While supporting the current transition to DTG-containing ART in resource-limited settings
toward the achievement of the UNAIDS’ goal of HIV elimination by 2030, our findings
suggested that RAL-exposed patients may need a specific monitoring approach either in
a stratified or personalized model of third-line ART to ensure the long-term success of
DTG-containing regimens.

KEYWORDS archived resistance, third-line ART, dolutegravir, raltegravir, Cameroon,
HIV-1, integrase inhibitors

Infection with the human immunodeficiency virus (HIV) requires a lifelong antiretrovi-
ral therapy (ART) (1–5), and the roll-out of ART has significantly reduced HIV-related

mortality and improved the quality of life of people living with HIV (PLHIV) (1, 6–9).
Before 2020, the ART strategy in several resource-limited settings (RLS), including
Cameroon, was based on a public health approach that recommended the use of non-
nucleoside reverse transcriptase inhibitors (NNRTIs) in combination with two NRTIs as a
first-line regimen, ritonavir-boosted protease inhibitors (PI/r) in combination with two
NRTIs as second-line, and ritonavir-boosted darunavir (DRV/r, a second-generation PI/r)
and/or integrase strand transfer inhibitors (INSTI) as third-line ART guided by genotyp-
ing (10–14). However, despite progress recorded in ART programs in treatment cover-
age and earlier initiation of therapy among people living with HIV (PLHIV), achieving
the goals of ending AIDS as an epidemic remains challenging in RLS, especially with
barriers to health care in the frame of the COVID-19 pandemic (2, 3,15–17). In this con-
text, poor retention in care, nonadherence or treatment interruption, and events of dis-
continuity in drug supply, favor viral rebound and risks of HIV drug resistance (HIVDR)
in RLS (15, 18–24). This is even more concerning in settings where NNRTI-based regi-
mens remain the preferred prescribed ART due to their low genetic barrier to resist-
ance. Of note, HIVDR gives mutant viruses a selective advantage over wild-type HIV
strains, which enables them to replicate even in the presence of antiretrovirals (ARVs)
(25), leading to poor virological outcomes and increased mortality and morbidity (26).

With the increasing burden of pretreatment drug resistance above 10% (driven by
NNRTI resistance) in several RLS, countries were encouraged to either initiate NNRTI-
based ART guided by genotypic resistance testing (wherever applicable) or transition
from NNRTI- to dolutegravir (DTG)-based first-line ART (27–35). Moreover, for patients
failing second-line ART, DTG remains highly recommended as part of a third-line com-
bination in RLS (27–35). DTG is a second-generation INSTI that has a greater efficacy
over other INSTIs, due to its high potency (i.e., viral inhibitory capacity), its limited risk
of cross-resistance with raltegravir (RAL) and elvitegravir (EVG), its tolerability, its high
genetic barrier to resistance (i.e., requires several mutations to achieve a loss of activ-
ity), and its high forgiveness of nonadherence (1,34, 36). Nonetheless, in the frame of
previous exposure to first-generation INSTI, we hypothesized that persistent viral repli-
cation under RAL (or even EVG) may prompt the selection of INSTI-DRMs, which could
jeopardize treatment efficacy in a patient receiving subsequent therapies containing
DTG (37–39). If proven, the predicted benefits from current WHO’s recommendations,
applied to patients with prior exposure to RAL or EVG, could be threatened by the
presence of acquired INSTI-DRMs archived in viral reservoirs. In a context where man-
agement of treatment-experienced HIV-infected patients remains challenging, drug
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options and access to genotypic resistance testing (GRT) are limited. Poor adherence
and lost-to-follow-up are frequent, and programmatic monitoring remains suboptimal
(39–42). Developing a public health model guided by the history of RAL/EVG exposure
may lead to a stratified use of DTG to ensure maximal and long-term efficacy of third-
line ART in RLS. Our study objective was to characterize the patterns of INSTI-DRMs in
viral reservoirs of patients on third-line DTG-containing regimens according to previ-
ous exposure to RAL in Cameroon.

RESULTS
Sociodemographic characteristics. Out of 12,093 patients receiving ART at the ref-

erence treatment centers (Yaoundé Central Hospital and Douala General Hospital), 53
(0.44%) patients fully met our inclusion criteria of being on a third-line ART regimen.
The study population was composed of 54.71% (29/53) women. The median age was
51 years (interquartile range [IQR], 40 to 55 years), and 58.49% (31/53) of the study
population resided in the central region of Cameroon.

Clinical characteristics. The median (IQR) viremia before initiation of third-line ART
was 3,795 copies/mL (220 to 169,322 copies/mL) while the median CD4 count was 157
cells/mm3 (84 to 285 cells/mm3). The overall median duration of ART since treatment initia-
tion was 192 months (162 to 222 months). Specifically, for third-line ART, the most adminis-
tered regimen was TDF (tenofovir)13TC (lamivudine)1DTG 1DRV/r (ritonavir boosted
darunavir) (33.96%; 18/53), followed by TDF13TC1DTG (22.64%; 12/53). The median treat-
ment duration under the INSTI-containing regimen was 18 months (12 to 32 months), with
15.09% (8/53) of the participants having a documented exposure to RAL. Table 1 summa-
rizes the baseline features of study participants.

Virological response after exposure to INSTI. Among these patients on third-line
ART, the overall rate of viral suppression (,1000 copies/mL) was 94.34% (50/53).
Interestingly, the median (IQR) viremia was ,40 copies/mL (00 to ,40 copies/mL),
indicating an optimal viral control in the study population. Specifically, 75.47% (40/53)
of the participants had a controlled viremia (,40 copies/mL), and 24.53% (13/53) had
a detectable viremia, further stratified into 18.86% (10/53) with detectable but sup-
pressed viremia (40 to 999 copies/mL) and 5.66% (3/53) with unsuppressed viremia
(2,392 [3.4 log], 17,461 [4.2 log], and 144,148 [5.2 log] copies/mL, respectively).

Genotypic resistance testing. (i) INSTI resistance in plasma RNA. Of the 13
patients on INSTI with detectable viral load (i.e., considered replicative infection), plasma
RNA amplification and sequencing were effective on the three (03) with viremia $1000
copies/mL as per standard of care. These samples were from patients exposed to DTG at
the moment of the study but without any history of exposure to RAL. Among these

TABLE 1 Baseline characteristics of study participants

Characteristic Overall
Participants with prior
exposure to RAL

Participants
unexposed to RAL

Total, n (%) 53 (100.0) 8 (15.1) 45 (84.9)

Gender distribution, n (%)
Female 29 (54.72) 3 (37.5) 26 (57.78)
Male 24 (45.28) 5 (62.5) 19 (42.22)
Median age (interquartile range), yrs 51 (40–55) 51 (48–53) 48 (40–58)

Residence, n (%)
Yaoundé 31 (58.49) 6 (75) 25 (55.56)
Douala 22 (41.51) 2 (25) 20 (44.44)
Median viremia before third-line initiation (interquartile range),

HIV-1 RNA copies/mL
3795 (220–169,322) 13929 (2,724–15,916) 2724 (199–101,030)

Median CD4 count before third-line initiation (interquartile range),
cells/mm3

157 (84–285) 195 (149 – 804) 148 (75 – 226)

Median ART-duration (interquartile range), mo 192 (162 – 222) 192 (162 – 202) 184 (162 – 222)
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patients, no major mutation affecting INSTIs in plasma RNA was found, except an acces-
sory mutation (L74I) detected in 2/3 (66.67%).

(ii) INSTI resistance in proviral DNA. Of the 53 patients included in our study, ampli-
fication and sequencing of proviral DNA were effective in 18/22 (81.81%), of whom
44.44% (8/18) had documented exposure to RAL. Among unsuccessful amplified sam-
ples, three had plasma viremia ,40 copies/mL and one had a plasma viremia of 76 cop-
ies/mL. Archived mutations were observed in 1/18 (5.56%) patients (in the RAL-exposed
arm) at major drug resistance positions for RAL and EVG (G140R and G163R). Other
accessory mutations (L74I [27.78%; 5/18] and E157Q [5.56%; 1/18]) were found only in
patients unexposed to RAL, as natural polymorphisms in the integrase coding region
(see Table 2).

Genetic diversity. In the plasma RNA of the study population, sequences obtained
revealed the presence of the recombinant forms CRF02_AG (1/3), CRF22_01AE (1/3), and
the pure subtype A1 (1/3). In proviral-DNA, five HIV-1 subtypes were detected: the
recombinant form CRF02_AG (66.67%; 12/18), followed by CRF22_01AE (16.67%; 3/18),
and the pure subtypes A1 (5.56%; 1/18), G (5.56%; 1/18) and F2 (5.56%; 1/18), as shown
in Fig. 1.

TABLE 2 Summary of archived mutations and polymorphisms found in viral reservoirs

Patient Exposure to RAL Major DRMs Accessory DRMs Polymorphisms
1 No None E157EQ K14R, W19W*, V31I, L45LI, K46KQ, L101I, T112V, S119P, T122TI, T124A, T125A, W132W*,

G134N, K136T, D167E, S195T, V201I, T206S, L234I, R269RK, S283G, D286DN
2 Yes G140R, G163R G4R, E11D, K14R, A21T, A23V, D41N, G47R, M50I, I72V, L101I, T112V, S119T, T124N,

T125A, G134N, K136Q, R166K, D167E, V201I, R224Q, L234V, S255D, G272R, S283G,
D288N

3 No None L74I S17N, R20RK, V31I, L63IV, I72V, K111R, T112V, T124A, T125A, G134N, K136T, D167E,
T174TP, V201I, T206S, I220IV, L234I, R269K, R284G, D286N

4 No None L74I L2LF, K14R, V31I, I72V, L101I, T112V, T124A, T125A, G134N, I135V, K136T, V201I, T206S,
R224RW, R228RK, P233PS, L234I, R269K

5 Yes None K14R, S24N, V31I, L101I, G134N, K136T, K173R, T174TP, V201I, T206S, T218S, L234I,
S255N, D256E, S283G

6 No None K14R, S17N, L28I, V31I, S39C, I72V, T112V, T124A, T125A, K136T, S153SA, L158I, T174TP,
G197GV, V201I, T206S, T218I, L234I, S283SG, D288DE

7 Yes None E11D, K14R, S17T, R20K, V31I, L101I, T112V, T124A, T125A, G134N, I135V, K136T, V201I,
T206S, Q221QK, R224RW, Y227F, P233PS, L234I, L241LV, L242LV, W243WR, S283G

8 No None L74I E11D, K14R, A21T, V31I, I72V, A91G, Y99F, L101I, T112V, T124A, T125A, G134N, I135V,
K136T, V201I, T218S, R224RW, P233PS, L234I, W235WR, L241LV, L242LV, W243WR,
V250VI, D256DE, D270DV

9 No None K14R, A23AV, V31I, S57SG, L101I, T112IV, T124A, T125A, G134N, I135V, K136T, V201I,
K215KT, R224RW, P233PS, L234I, L241LV, D256DE, I268IF, S283G, R284G, D288N

10 Yes None E11D, K14R, S17C, A23V, V31I, I72V, L101I, T112V, T124A, T125A, G134N, I135V, K136T,
V201I, T206S, T218TS, R224RW, P233PS, L234I, S255SR, I268IF, D278DE, V281VG,
S283SG, D288DE

11 No None L74I L2F, S17N, V31I, L101I, T112V, T124A, T125A, G134N, I135V, K136T, V201I, T206S, L234I,
D256E, R269K, D278N, S283G, R284RG

12 No None L74I D6E, K14R, S17N, D25E, V31I, I60V, L63I, I72V, T97S, L101I, T112V, S119T, T124A, T125A,
G134N, I135V, K136T, K188R, V201I, I203M, T218S, L234I, R269K, K273Q, D278A,
S283G, D288N

13 Yes None K14R, S17SN, V31VI, I72IV, L101LI, L104LV, T112I, T124A, T125AV, G134N, I135V, K136T,
V201I, T206TS, L234I, D256DE, R269RK, S283G

14 Yes None K14R, S17SN, S24SN, S39SN, M50MI, L101I, L104V, T112V, I113IV, S119ST, T124DN,
T125A, I135IV, K136T, V201I, T206TS, R224RW, L234I, D256DE, K264KE, S283G

15 Yes None E11D, K14R, A21T, A23V, V31I, M50I, T93N, L101I, T112V, T124A, T125A, G134D, K136Q,
D167E, V201I, T218S, L234I, S283G, D288N

16 Yes None E10EQ, E11D, K14R, V32I, D41N, I72V, L101I, T112V, T124A, T125A, G134D, K136Q,
D167E, V201I, L234I, S283G, R284G, D286E, D288N

17 No None K14R, K34R, I72IV, E85EK, L101I, T112V, I113IV, T124A, T125A, A133AT, G134N, I135V,
K136T, V201I, T206S, L234I, M275V, S283G

18 No None S17N, L45P, K103R, T112V, I113V, S119P, T124N, T125V, K136Q, V201I, T206TS, L234I,
D256E, S283G
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DISCUSSION

The current transition to a DTG-based ART is predicted to be very effective in rap-
idly controlling viral replication, which would limit the transmission of resistant viruses
and, thus, lead to a control of the epidemic (27–35). To prevent DTG resistance in
third-line ART, we analyzed the genotypic profile in proviral DNA among 53 patients in
the Cameroonian routine clinical setting. The median age was 51 years with similar sex
distribution and about 16 years of ART experience. To better delineate the clinical rele-
vance of INSTI, we analyzed the potential effect of prior exposure to RAL on the risk of
acquiring DRMs to DTG.

The described demographics feat with the local HIV epidemics, thus supporting the
representativeness of our findings to the target population (14, 43–46). In effect, from a
total of more than 12.000 patients monitored in our routine clinical practice, we carefully
screened for participants fully complying with all study criteria. With less than 1% of
patients on third-line regimens, our findings are comparable with current knowledge and
thus serve as advocacy for enhanced detection of patients in need of third-line ART regi-
mens (14, 44–47). Furthermore, about 15% of patients on third-line were previously
exposed to RAL, indicating a potential risk of cross-resistance to DTG that supports the
current investigation for optimal care in the clinical setting.

Regarding baseline immuno-virological profiles (before third-line initiation), most
patients had a moderate viral replication (around 3 log copies/mL) and poor immunity
(CD4, 200 cells/mm3), suggesting an overall poor clinical condition for these patients,
and reduced viral replicative fitness (25, 48), before initiation of DTG-based third-line
ART. Of relevance, once switched to third-line, these DTG-containing ART regimens
were very effective, translated by 94% viral suppression (,1,000 copies/mL) and 75%
virological control (,40 copies/mL) after approximately 18 months on third-line. This
result indicates a very good and rapid response to the used third-line ART, which corre-
lates with recent findings (33, 49–52), and strongly supports the current use of the
WHO-recommended third-line ART strategy in RLS (27–35). Of note, the most pre-
scribed third-line ART was a four-drug combination (TDF13TC1DTG1DRV/r), in line
with common prescribing practices for third-line regimens in several countries (35, 39,
45, 53–55).

FIG 1 Phylogenetic tree of sequences generated. Triangles, patients' derived sequences; PL, the sequence obtained from a plasma RNA sample; BC, the
sequence obtained from proviral DNA; ovals, sequences of RNA and DNA from the same patients.
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Regarding the genotypic profile, few samples among RAL-unexposed participants were
randomly selected to feat with the low proportion of RAL-exposed to compare the results
in both arms. We had an overall high-performance rate of amplification and sequencing in
the proviral DNA. Resistance testing in proviral DNA revealed the presence of G140R and
G163R archived in viral reservoirs of a patient in the RAL-arm, as well as the presence of
accessory mutations (L74I, T97A, and E157Q) among RAL-unexposed third-line patients. It
is worth noting that G140R – when found in the plasma – is associated with an intermedi-
ate-level of resistance to cabotegravir (CAB) and is a revertant mutation from the original
G140S/A/C, which are nonpolymorphic mutations that usually occur with Q148 mutations.
Alone, G140S/A/C has minimal effects on INSTI susceptibility. However, in combination
with Q148 mutations, they are associated with high-level resistance to RAL and EVG and in-
termediate reductions in DTG and BIC susceptibilities. The appearance of G140R hence-
forth suggests that Q148 mutation(s) may have been previously selected at the population
level under RAL pressure (34, 56, 57). G163R is an accessory polymorphic mutation in sub-
type F viruses from ARV-naive patients, which is rather nonpolymorphic in other viral
clades. Alone, G163R has little effect on RAL and EVG susceptibility but does not affect
CAB, DTG, and BIC (34, 56, 57). Despite all these facts, G140R and G163R are hard to relate
to resistance in the present case given that they may have resulted as a consequence of
the apolipoprotein B mRNA-editing enzyme, catalytic polypeptide-like 3 (APOBEC3) muta-
genesis activity in the proviral DNA (58, 59). In effect, APOBEC3 has been studied intensely
in the field of virology because it was recognized early on to deaminate cytosines in cDNA
reverse transcription intermediates of retroviruses, including HIV-1 (58–60), thus leading to
mutations not always related to drug-pressure. Furthermore, even though the impact of
these ambiguous mutations on DTG-based ART is not concerning, the potential presence
of other major DRMs in minority viral populations (,20% sequencing threshold) needs to
be ascertained (61, 62). In a context where drug options are exhausted after a third-line
ART, the current evidence suggests either personalized therapeutic management (i.e., ART
combination guided by genotyping) or a stratified management approach of patients on
third-line to prevent the emergence of INSTI-resistance, as we earlier reported in the same
country (39). This measure may also pave the way to limit the risk of a new epidemic of
multidrug-resistant viruses in RLS (39, 54, 55, 63). Nonetheless, ensuring the success of the
programmatic strategy in RLS would require further investigations to implement the best
(cost-effective) approach, especially considering all the challenges of resource-limited
countries (14, 21).

Finally, the most represented viral clade in this study was the recombinant form
CRF02_AG, similar to several reports in Cameroon (64–69). Of note, the broad HIV di-
versity found in this small sample population could justify the considerable number of
polymorphisms observed in viral reservoirs (25, 66). Long-term monitoring might help
in depicting the potential effects of covariation of these mutants on treatment out-
comes under DTG-containing regimens. The fewer cases of patients exposed to RAL
(about 15%) reflects the real-life situation of RAL use and suggests the need for long-
term surveillance in this group of patients, despite the possibility of a reduced propor-
tion of patients with RAL exposure over time in the era of DTG scale-up in third-line
and on-going phase-out of RAL and EVG from national guidelines due to their low
genetic barrier to resistance. In perspective, combining pharmacovigilance studies
would be essential in appraising the effectiveness toward a long-term definition of the
benefits and risks of DTG-containing ART in diverse populations (adults, adolescents,
children) and drug formulations in RLS (17, 35, 70).

In conclusion, our evidence suggested a high efficacy of DTG-containing third-line
ART in Cameroon, supporting the current WHO’s recommendations and the achieve-
ment of the UNAIDS’ goal of HIV elimination by 2030. The low level of archived muta-
tions at integrase-resistance positions in a patient on dolutegravir, previously exposed
to raltegravir, underscores the need for a specific monitoring approach for such
patients, either in stratified or personalized monitoring model of third-line ART. In
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perspective, pharmacovigilance components would be complementary for assessing
the long-term cost-effectiveness of this highly potent regimen.

MATERIALS ANDMETHODS
Study design and patients.We conducted a prospective and facility-based study from May through

December 2021 among HIV-infected patients followed up at the Douala General Hospital (HGD) and the
Yaoundé Central Hospital (HCY). These accredited treatment centers were chosen because they have
the largest cohorts of PLHIV in Cameroon. Any patient currently on third-line ART with documented ex-
posure to INSTIs was considered for inclusion. Demographic and clinical information such as sex, age,
ART, and duration of treatment was collected from patient records. Laboratory analyses within the frame
of the study were performed at the Chantal Biya International Reference Centre for research on HIV/
AIDS prevention and management (CIRCB) in Yaoundé, Cameroon.

The CIRCB is a government institution of the Ministry of Public Health dedicated to HIV research and
patient monitoring in several aspects, among which HIV early infant diagnosis in the frame of the national
PMTCT program; diagnosis of coinfections with HIV; viral load measurement; CD4 and CD8 T lymphocytes
counts; biochemical and hematological tests for drug safety; genotypic HIVDR testing (GRT) at subsidized
costs with quality control programs conducted in partnership with Quality Assessment and Standardization
of Indicators (QASI) and other international agencies (http://www.circb.cm/btc_circb/web/).

Measurement of viral load. HIV-1 RNA quantification was performed on plasma samples using Abbott
m2000rt real-time HIV platform (Abbott Molecular Inc., IL, USA) according to the manufacturer's instructions
(https://www.molecular.abbott/int/en/products/infectious-disease/realtime-hiv-1-viral-load). Briefly, a protocol
using 0.6 mL of plasma was used for RNA extraction, followed by simultaneous amplification and detection on
a real-time PCR (RT-PCR). The lower and upper detection limits of the test were ,40 and .10,000,000 copies
of HIV-1 RNA copies/mL, respectively.

HIV-1 genotypic drug resistance testing. HIV-1 genotypic resistance testing (GRT) was performed
on plasma (HIV-1 RNA) and Buffy coat (proviral DNA) aliquots using a highly sensitive integrase genotyp-
ing assay (65). Briefly, viral nucleic acids were extracted using the Qiagen protocol with a viral RNA
extraction kit for plasma and viral DNA extraction for buffy-coat specimens. For RNA extracts, reverse
transcriptase and PCR were performed using the following conditions (1 cycle at 50° for 30 min, 1 cycle
at 94°C for 2 min; 40 cycles [95°C, 30 s; 51°C, 30 s; 72°C, 2 min, and 30 s]; 1 cycle at 72°C for 10 min; 1 cycle
at 4°C for 30 min and 1 cycle at 10°C forever); for DNA extracts, a direct PCR was performed using the fol-
lowing conditions (1 cycle at 94°C for 12 min; 40 cycles [95°C, 30 s; 51°C, 30 s; 72°C, 2 min, and 30 s];
1 cycle at 72°C for 10 min; 1 cycle at 4°C forever). Gel electrophoresis, purification, and sequencing reac-
tion were performed similarly.

Data processing and statistical analysis. All generated sequences (plasma RNA and proviral DNA)
were aligned in BioEdit version 7.2.6 (Tom Hall, Raleigh, NC) and compared to reference sequences available
in the Los Alamos database (http://www.hiv.lanl.gov); gaps were then removed from the final alignment.
The phylogenetic tree was inferred using the maximum likelihood method on MEGA v7.0.26 software for
subtyping and to ensure that there was no cross-contamination of samples. The statistical robustness and
reliability of the branching order in the phylogenetic tree were confirmed by a bootstrap analysis using
1,000 replicates on a maximum likelihood tree obtained by molecular phylogeny. Regarding the analysis of
drug resistance mutations (DRMs), sequences obtained after capillary electrophoresis on the 3500 Genetic
Analyzer (Applied Biosystems, USA) were assembled and manually edited using RECall (CDC, Atlanta, GA,
USA). DRMs were interpreted using the Stanford HIVdb version 9.0 algorithm (https://hivdb.stanford.edu/
hivdb/by-sequences/) and all mutations associated with INSTI resistance were listed. Data were entered,
coded, and analyzed using Epi info version 7. The parameters of central tendency (mean and median) and
dispersion (standard deviation and interquartile range) were used to describe the continuous variables. The
Chi-square test (or Fisher test wherever appropriate) was used to compare frequencies, with a significance
level of P, 0.05.

Data availability. Integrase sequences generated from proviral DNA in this study are available in
GenBank under the accession numbers OP508478 to OP508495.

ACKNOWLEDGMENTS
We thank all the participants of this study and especially psychosocial agents and

monitors from study sites (Douala general hospital and Yaoundé Central hospital) for their
dynamism and assistance which has smoothed the work on-site. We are also appreciative of
the Chantal BIYA International Reference Centre for research on HIV/AIDS prevention and
management (CIRCB) for hosting the present study, for providing technical support and for
training, the technical facilities, and the opportunity for collaborative research.

This work was supported by the CIRCB (Chantal BIYA International Reference for
research on HIV/AIDS prevention and management [under the annual budget plan
2021]) and the RSTMH (Royal Society of Tropical Medicine and Hygiene [under the
RSTMH 2021 small grant program for early carrier researchers]).

We declare no conflict of interest.
Conception and design of the study: Ezechiel Ngoufack Jagni Semengue, Evariste

Molimbou, Naomi-Karell Etame, Désiré Takou, Nounouce Pamen Bouba, Serge-Clotaire

Archived Mutations to INSTI in Cameroon Microbiology Spectrum

November/December 2022 Volume 10 Issue 6 10.1128/spectrum.03420-22 7

http://www.circb.cm/btc_circb/web/
https://www.molecular.abbott/int/en/products/infectious-disease/realtime-hiv-1-viral-load
http://www.hiv.lanl.gov
https://hivdb.stanford.edu/hivdb/by-sequences/
https://hivdb.stanford.edu/hivdb/by-sequences/
https://www.ncbi.nlm.nih.gov/nuccore/OP508478
https://www.ncbi.nlm.nih.gov/nuccore/OP508495
https://journals.asm.org/journal/spectrum
https://doi.org/10.1128/spectrum.03420-22


Billong, Rina Djubgang, Edith Temgoua Saounde, Maria Mercedes Santoro, Francesca
Ceccherini Silberstein, Joseph Fokam; Collection and analysis of the data: Ezechiel Ngoufack
Jagni Semengue, Naomi-Karell Etame, Evariste Molimbou, Beatrice Dambaya, Georges Teto,
Désiré Takou, Alex Durand Nka, Aude Christelle Ka’e, Grâce Angong Beloumou, Sandrine
Claire Djupsa Ndjeyep, Aissatou Abba, Aurelie Minelle Ngueko Kengni, Michel Carlos
Tommo Tchouaket, Samuel Martin Sosso. Drafted the manuscript: Ezechiel Ngoufack Jagni
Semengue, Naomi-Karell Etame, Evariste Molimbou, Alex Durand Nka, Leonella Mossiang,
Alain Patrice Meledie, Collins Ambe Chenwi, Bouba Yagai, Joseph Fokam. Involved in
critically revising the protocol for important intellectual content: Ezechiel Ngoufack Jagni
Semengue, Naomi-Karell Etame, Evariste Molimbou, Alex Durand Nka, Leonella Mossiang,
Alain Patrice Meledie, Collins Ambe Chenwi, Bouba Yagai, Nounouce Pamen Bouba, Serge-
Clotaire Billong, Rina Djubgang, Edith Temgoua Saounde, Maria Mercedes Santoro, Joseph
Fokam, Carlo-Federico Perno, Vittorio Colizzi, Maria Mercedes Santoro, Francesca Ceccherini
Silberstein. Approved the final version of the submittedmanuscript: all the authors.

REFERENCES
1. WHO. 2013. Consolidated guidelines on the use of antiretroviral drugs for

treating and preventing HIV infection. https://doi.org/10.1097/00022744
-199706000-00003.

2. WHO. 2016. Global report on early warning indicators of HIV drug resist-
ance. https://doi.org/10.1016/j.quaint.2018.06.014.

3. Glass TR, Günthard HF, Calmy A, Bernasconi E, Scherrer AU, Battegay M,
Steffen A, Böni J, Yerly S, Klimkait T, Cavassini M, Furrer H. 2021. The role
of human immunodeficiency virus (HIV) asymptomatic status when start-
ing antiretroviral therapy on adherence and treatment outcomes and
implications for test and treat: the swiss HIV cohort study. Clin Infect Dis
72:1413–1421. https://doi.org/10.1093/cid/ciaa239.

4. Gomez-Martinez J, Foulongne V, Laureillard D, Nagot N, Montès B, Cantaloube
J-F, Van De Perre P, Fournier-Wirth C, Molès J-P, Brès J-C. 2021. Détection de
mutations de résistance du VIH aux antirétroviraux: vers un dépistage rapide
pré-thérapeutique? Transfus Clin Biol 28:S106–S107. https://doi.org/10.1016/j
.tracli.2021.08.312.

5. Gartland M, Cahn P, DeJesus E, Diaz RS, Grossberg R, Kozal M, Kumar P,
Molina J-M, Mendo Urbina F, Wang M, Du F, Chabria S, Clark A, Garside L,
Krystal M, Mannino F, Pierce A, Ackerman P, Lataillade M. 2022. Week 96
genotypic and phenotypic results of the fostemsavir phase 3 BRIGHTE
study in heavily treatment-experienced adults living with multidrug-re-
sistant HIV-1. Antimicrob Agents Chemother 66:e0175121. https://doi
.org/10.1128/aac.01751-21.

6. Fokam J, Nangmo A, Wandum C, Takou D, Santoro MM, Nlend A-EN,
Ateba FN, Ndombo PK, Kamgaing N, Kamta C, Essiane A, Lambo V,
Fokunang C, Mbanya D, Colizzi V, Perno C-F, Ndjolo A. 2020. Programme
quality indicators of HIV drug resistance among adolescents in urban ver-
sus rural settings of the centre region of Cameroon. AIDS Res Ther 17:14.
https://doi.org/10.1186/s12981-020-00270-7.

7. Ekollo Mbange A, Malick Diouara AA, Diop-Ndiaye H, Diaw Diouf NA, Ngom-
Ngueye NF, Ndiaye Touré K, Dieng A, Lô S, Fall M, Fon MbachamW, Mboup S,
Touré-Kane C. 2021. High HIV-1 virological failure and drug resistance among
adult patients receiving first-line ART for at least 12 months at a decentralized
urban HIV clinic setting in Senegal before the test-and-treat. Infect Dis (Auckl)
14:117863372110145. https://doi.org/10.1177/11786337211014503.

8. Billong SC, Fokam J, Aghokeng AF, Milenge P, Kembou E, Abessouguie I,
Meva’a-Onglene FB, Bissek ACZ-K, Colizzi V, Mpoudi EN, Elat J-BN, Shiro
KS. 2013. Population-based monitoring of emerging HIV-1 drug B resist-
ance on antiretroviral therapy and associated factors in a sentinel site in
Cameroon: low levels of resistance but poor programmatic performance
serge. PLoS One 8:e72680. https://doi.org/10.1371/journal.pone.0072680.

9. Bland RM. 2011. Management of HIV-infected children in Africa: progress
and challenges. Arch Dis Child 96:911–915. https://doi.org/10.1136/adc
.2010.193789.

10. MINSANTE. 2012. Guide national de prise en charge des personnes vivant
avec le VIH/SIDA - Cameroun.

11. MINSANTE. 2014. Directives Nationales De Prevention. https://www
.childrenandaids.org/sites/default/files/2017-05/Cameroon_National
-Integrated-HIV-Guidelines2014.pdf.

12. MINSANTE. 2013. Plan National Multisectoriel De Lutte Contre Le Vih, Le
Sida Et Les Ist (Pnm) Annee 2014–2017.

13. Dinesha TR, Gomathi S, Boobalan J, Sivamalar S, Solomon SS, Pradeep A,
Poongulali S, Solomon S, Balakrishnan P, Saravanan S. 2016. Genotypic
HIV-1 drug resistance among patients failing tenofovir-based first-line
HAART in South India. AIDS Res Hum Retroviruses 32:1234–1236. https://
doi.org/10.1089/AID.2016.0110.

14. Moorhouse M, Maartens G, Venter WDF, Moosa M-Y, Steegen K, Jamaloodien
K, Fox MP, Conradie F. 2019. Third-line antiretroviral therapy program in the
South African public sector. J Acquir Immune Defic Syndr 80:73–78. https://
doi.org/10.1097/QAI.0000000000001883.

15. Jordan MR, Penazzato M, Cournil A, Vubil A, Jani I, Hunt G, Carmona S,
Maphalala G, Mthethwa N, Watera C, Kaleebu P. 2017. HIV drug resistance
in African infants and young children newly diagnosed with HIV: a multi-
county analysis. Infect Dis Soc Am 65:2018–2025.

16. Abraham SA, Berchie GO, Doe PF, Agyare E, Addo SA, Obiri-Yeboah D.
2021. Effects of COVID-19 pandemic on ART Service delivery: perspectives
of healthcare workers in a teaching hospital in Ghana. BMC Health Serv
Res 21:1–10. https://doi.org/10.1186/s12913-021-07330-2.

17. WHO. Access to HIV medicines severely impacted by COVID-19 as AIDS
response stalls. Accessed July 10, 2022. https://www.who.int/news/item/
06-07-2020-who-access-to-hiv-medicines-severely-impacted-by-covid-19
-as-aids-response-stalls

18. Semengue ENJ, Santoro MM, Ndze VN, Dambaya B, Takou D, Teto G, Nka AD,
Fabeni L, Wiyeh A, Ceccherini-Silberstein F, Colizzi V, Perno C-F, Fokam J.
2020. HIV-1 integrase resistance associated mutations and the use of dolute-
gravir in Sub-Saharan Africa: a systematic review and meta-analysis protocol.
Syst Rev 9:93. https://doi.org/10.1186/s13643-020-01356-z.

19. Ba S, Raugi DN, Smith RA, Sall F, Faye K, Hawes SE, Sow PS, Seydi M,
Gottlieb GS, Traore F, Pierre Sy M, Diaw B, Ndoye M, Bale Diop A, Fadam
Diome M, Niang A, Jacques Malomar J, Ibrahima Sall E, Cisse O, Tito
Tamba I, Philippe Diatta J, Sambou J, Bakhoum R, Gomis J, Benzekri N, Lin
J, Kiviat N, Leong S, Masoum S, Wu V, Gallardo C, Espinosa E, Chang M,
Coombs B, University of Washington–Dakar HIV-2 Study Group. 2018. A
trial of a single-tablet regimen of elvitegravir, cobicistat, emtricitabine,
and tenofovir disoproxil fumarate for the initial treatment of human im-
munodeficiency virus type 2 infection in a resource-limited setting: 48-
week results from Senegal, West A. Infect Dis Soc Am 67:1588–1594.
https://doi.org/10.1093/cid/ciy324.

20. Crowell TA, Danboise B, Parikh A, Esber A, Dear N, Coakley P, Kasembeli A,
Maswai J, Khamadi S, Bahemana E, Iroezindu M, Kiweewa F, Owuoth J,
Freeman J, Jagodzinski LL, Malia JA, Eller LA, Tovanabutra S, Peel SA, Ake
JA, Polyak CS, AFRICOS Study Group. 2021. Pretreatment and acquired
antiretroviral drug resistance among persons living with HIV in four Afri-
can countries. Clin Infect Dis 73:e2311–e2322. https://doi.org/10.1093/
cid/ciaa1161.

21. Gill N, Van den Bergh R, Wut Yee Kyaw K, Laxmeshwar C, Das M, Rastogi S,
Arago Galindo M, Mansoor H, Kalon S, Isaakidis P. 2019. Genotyping and
outcomes of presumptive second line ART failure cases switched to third
line or maintained on second line ART in Mumbai, India. PLoS One 14:
e0225631. https://doi.org/10.1371/journal.pone.0225631.

22. Wang Y, Xing H, Liao L, Wang Z, Su B, Zhao Q, Feng Y, Ma P, Liu J, Wu J,
Ruan Y, Shao Y. 2014. The development of drug resistance mutations

Archived Mutations to INSTI in Cameroon Microbiology Spectrum

November/December 2022 Volume 10 Issue 6 10.1128/spectrum.03420-22 8

https://doi.org/10.1097/00022744-199706000-00003
https://doi.org/10.1097/00022744-199706000-00003
https://doi.org/10.1016/j.quaint.2018.06.014
https://doi.org/10.1093/cid/ciaa239
https://doi.org/10.1016/j.tracli.2021.08.312
https://doi.org/10.1016/j.tracli.2021.08.312
https://doi.org/10.1128/aac.01751-21
https://doi.org/10.1128/aac.01751-21
https://doi.org/10.1186/s12981-020-00270-7
https://doi.org/10.1177/11786337211014503
https://doi.org/10.1371/journal.pone.0072680
https://doi.org/10.1136/adc.2010.193789
https://doi.org/10.1136/adc.2010.193789
https://www.childrenandaids.org/sites/default/files/2017-05/Cameroon_National-Integrated-HIV-Guidelines2014.pdf
https://www.childrenandaids.org/sites/default/files/2017-05/Cameroon_National-Integrated-HIV-Guidelines2014.pdf
https://www.childrenandaids.org/sites/default/files/2017-05/Cameroon_National-Integrated-HIV-Guidelines2014.pdf
https://doi.org/10.1089/AID.2016.0110
https://doi.org/10.1089/AID.2016.0110
https://doi.org/10.1097/QAI.0000000000001883
https://doi.org/10.1097/QAI.0000000000001883
https://doi.org/10.1186/s12913-021-07330-2
https://www.who.int/news/item/06-07-2020-who-access-to-hiv-medicines-severely-impacted-by-covid-19-as-aids-response-stalls
https://www.who.int/news/item/06-07-2020-who-access-to-hiv-medicines-severely-impacted-by-covid-19-as-aids-response-stalls
https://www.who.int/news/item/06-07-2020-who-access-to-hiv-medicines-severely-impacted-by-covid-19-as-aids-response-stalls
https://doi.org/10.1186/s13643-020-01356-z
https://doi.org/10.1093/cid/ciy324
https://doi.org/10.1093/cid/ciaa1161
https://doi.org/10.1093/cid/ciaa1161
https://doi.org/10.1371/journal.pone.0225631
https://journals.asm.org/journal/spectrum
https://doi.org/10.1128/spectrum.03420-22


K103N Y181C and G190A in long term Nevirapine-containing antiviral
therapy. AIDS Res Ther 11:36. https://doi.org/10.1186/1742-6405-11-36.

23. Fokam J, Billong SC, Jogue F, Moyo Tetang Ndiang S, Nga Motaze AC,
Paul KN, Njom Nlend AE. 2017. Immuno-virological response and associ-
ated factors amongst HIV-1 vertically infected adolescents in Yaoundé-
Cameroon. PLoS One 12:e0187566. https://doi.org/10.1371/journal.pone
.0187566.

24. Tchouwa GF, Eymard-Duvernay S, Cournil A, Lamare N, Serrano L, Butel C,
Bertagnolio S, Mpoudi-Ngole E, Raizes E, Aghokeng AF, EHRICA Study
Group. 2018. Nationwide estimates of viral load suppression and acquired
HIV drug resistance in Cameroon. EClinicalMedicine 1:21–27. https://doi
.org/10.1016/j.eclinm.2018.06.005.

25. Daar ES. 2005. HIV-1 virulence, fitness and replication capacity. Therapy 2:
131–140. https://doi.org/10.2217/14750708.2.1.131.

26. WHO. 2017. Combating HIV drug resistance, a little known but growing
threat.

27. WHO. 2018. Updated recommendations on first-line and second-line anti-
retroviral regimens and post-exposure prophylaxis and recommenda-
tions on early infant diagnosis of HIV - interim guidance. https://www
.who.int/hiv/pub/guidelines/ARV2018update/en/

28. Llibre JM. 2017. Time to get serious with HIV-1 resistance in sub-Saharan Africa.
Lancet Infect Dis 17:241–243. https://doi.org/10.1016/S1473-3099(16)30447-9.

29. Inzaule SC, Hamers RL, Doherty M, Shafer RW, Bertagnolio S, Wit TFR.
2019. De. Personal view curbing the rise of HIV drug resistance in low-
income and middle-income countries: the role of dolutegravir-containing
regimens. Lancet Infect Dis 3099:1–7.

30. Phillips AN, Cambiano V, Nakagawa F, Revill P, Jordan MR, Hallett TB,
Doherty M, De Luca A, Lundgren JD, Mhangara M, Apollo T, Mellors J,
Nichols B, Parikh U, Pillay D, Rinke de Wit T, Sigaloff K, Havlir D, Kuritzkes
DR, Pozniak A, van de Vijver D, Vitoria M, Wainberg MA, Raizes E,
Bertagnolio S, Working Group on Modelling Potential Responses to High
Levels of Pre-ART Drug Resistance in Sub-Saharan Africa. 2018. Cost-effec-
tiveness of public-health policy options in the presence of pretreatment
NNRTI drug resistance in sub-Saharan Africa: a modelling study. Lancet
HIV 5:e146–e154. https://doi.org/10.1016/S2352-3018(17)30190-X.

31. WHO. 2017. WHO j Transition to the use of dolutegravir. https://www
.who.int/publications/i/item/WHO-HIV-2017.20.

32. Wainberg MA, Han Y-S, Mesplède T. 2016. Might dolutegravir be part of a
functional cure for HIV? Can J Microbiol 62:375–382. https://doi.org/10
.1139/cjm-2015-0725.

33. Charles K, Mireille M-E, Pierrette OB, et al. 2019. Dolutegravir-based or
low-dose efavirenz–based regimen for the treatment of HIV-1. N Engl J
Med 381:816–826.

34. Underwood M, Horton J, Nangle K, Hopking J, Smith K, Aboud M, Wynne B,
Sievers J, Stewart EL, Wang R. 2022. Integrase inhibitor resistance mechanisms
and structural characteristics in antiretroviral therapy-experienced, integrase
inhibitor-naive adults with HIV-1 infection treated with dolutegravir plus two
nucleoside reverse transcriptase inhibitors in the DAWNING study. Antimicrob
Agents Chemother 66:e0164321. https://doi.org/10.1128/AAC.01643-21.

35. NIH. 2022. What’s New in the Guidelines? https://clinicalinfo.hiv.gov/en/
guidelines/hiv-clinical-guidelines-adult-and-adolescent-arv/whats
-new-guidelines. Accessed 3 July 2022.

36. Dow DE, Bartlett JA. 2014. Dolutegravir, the Second-Generation of Inte-
grase Strand Transfer Inhibitors (INSTIs) for the Treatment of HIV. Infect
Dis Ther 3:83–102. https://doi.org/10.1007/s40121-014-0029-7.

37. Quashie PK, Oliviera M, Veres T, Osman N, Han Y-S, Hassounah S, Lie Y,
Huang W, Mesplède T, Wainberg MA. 2015. Differential Effects of the G118R,
H51Y, and E138K Resistance Substitutions in Different Subtypes of HIV Inte-
grase. J Virol 89:3163–3175. https://doi.org/10.1128/JVI.03353-14.

38. Mesplède T, Wainberg MA. 2015. Resistance against integrase strand
transfer inhibitors and relevance to HIV persistence. Viruses 7:3703–3718.
https://doi.org/10.3390/v7072790.

39. Fokam J, Takou D, Semengue ENJ, Teto G, Beloumou G, Dambaya B,
Santoro M-M, Mossiang L, Billong SC, Cham F, Sosso SM, Temgoua ES,
Nanfack AJ, Moudourou S, Kamgaing N, Kamgaing R, Ngako Pamen JN,
Etame MMN, Bissek A-CZ-K, Elat J-BN, Moussi EE, Colizzi V, Perno C-F,
Ndjolo A, VIROFORUM. 2020. First case of dolutegravir and darunavir/r
multi drug-resistant HIV-1 in Cameroon following exposure to Raltegravir:
lessons and implications in the era of transition to Dolutegravir-based
regimens. Antimicrob Resist Infect Control 9:143. https://doi.org/10.1186/
s13756-020-00799-2.

40. Phillips AN, Stover J, Cambiano V, Nakagawa F, Jordan MR, Pillay D,
Doherty M, Revill P, Bertagnolio S. 2017. Impact of HIV drug resistance on
HIV/AIDS-associated mortality, new infections, and antiretroviral therapy

program costs in Sub-Saharan Africa. J Infect Dis 215:1362–1365. https://
doi.org/10.1093/infdis/jix089.

41. Grinsztejn B, Hughes MD, Ritz J, Salata R, Mugyenyi P, Hogg E, Wieclaw L,
Gross R, Godfrey C, Cardoso SW, Bukuru A. 2019. Third-line antiretroviral
therapy in low-income and middle-income countries (ACTG A5288): a
prospective strategy study. 6:e588–e600. https://doi.org/10.1016/S2352
-3018(19)30146-8.

42. Ndashimye E. 2017. High time to start human immunodeficiency virus
type 1-infected patients on integrase inhibitors in sub-Saharan Africa. J
Infect Dis 216:283–284. https://doi.org/10.1093/infdis/jix293.

43. Kone F, Toni T d, Ouassa T, Menan H, Ebegui D, Diallo K, Doukou S,
Masumbuko JM, Assemien J-d, Cartier N, Nerrienet E, Raguin G, Rouzioux
C, Monnet D. 2019. Mesure de l’ARN VIH-1 et du taux de lymphocytes
TCD4 dans le suivi du traitement antirétroviral de patients infectés par le
VIH en Côte d’Ivoire. Int J Bio Chem Sci 13:1343. https://doi.org/10.4314/
ijbcs.v13i3.11.

44. Institut National De La Statistique, Minsante. 2018. Cameroon - Enquête
Démographique et de Santé 2018. Accessed May 28, 2022. https://microdata
.worldbank.org/index.php/catalog/3717

45. Meintjes G, Dunn L, Coetsee M, Hislop M, Leisegang R, Regensberg L,
Maartens G. 2015. Third-line antiretroviral therapy in Africa: effectiveness
in a Southern African retrospective cohort study. AIDS Res Ther 12:1–7.
https://doi.org/10.1186/s12981-015-0081-8.

46. Nanfack A, Takou D, Fokam J, Salpini R, Santoro M, Cappelli G, Baane M,
Tetang S, Eberle J, Gurtler L, Ceccherini-Silberstein F, Torimiro J, Colizzi V,
Perno C-F, Ndjolo A. 2017. HIV-1 drug susceptibility to potential second-
and third-line antiretroviral regimens among Cameroonian patients: evi-
dence from a cross-sectional design. CHR 15:66–73. https://doi.org/10
.2174/1570162X14666161230105417.

47. UNAIDS. 2016. Global AIDS.
48. Santoro MM, Perno CF. 2013. HIV-1 genetic variability and clinical implica-

tions. ISRN Microbiol 2013:481314–481320. https://doi.org/10.1155/2013/
481314.

49. Mehari EA, Muche EA, Gonete KA. 2021. Virological suppression and its
associated factors of dolutegravir based regimen in a resource-limited
setting: an observational retrospective study in Ethiopia. HIV 13:709–717.
https://doi.org/10.2147/HIV.S316776.

50. Deng L, Li C, Chen P, Luo X, Zheng X, Zhou L, Zhou Y, Xia J, Hong Z. 2022.
Dolutegravir plus lamivudine versus efavirenz plus tenofovir disoproxil
fumarate and lamivudine in antiretroviral-naive adults with HIV-1 infec-
tion. BMC Infect Dis 22:17. https://doi.org/10.1186/s12879-021-06991-y.

51. Nabitaka VM, Nawaggi P, Campbell J, Conroy J, Harwell J, Magambo K,
Middlecote C, Caldwell B, Katureebe C, Namuwenge N, Atugonza R, Musoke
A, Musinguzi J. 2020. High acceptability and viral suppression of patients on
Dolutegravir-based first-line regimens in pilot sites in Uganda: a mixed-meth-
ods prospective cohort study. PLoS One 15:e0232419. https://doi.org/10
.1371/journal.pone.0232419.

52. Nagami EH, Thakarar K, Sax PE. 2022. Sustained HIV viral suppression with
dolutegravir, tenofovir, and emtricitabine as initial therapy despite high-
level transmitted multiclass resistance. Open Forum Infect Dis 9:ofab648.
https://doi.org/10.1093/ofid/ofab648.

53. Takou D, Fokam J, Teto G, Santoro M-M, Ceccherini-Silberstein F, Nanfack
AJ, Sosso SM, Dambaya B, Salpini R, Billong SC, Gori C, Fokunang CN,
Cappelli G, Colizzi V, Perno C-F, Ndjolo A. 2019. HIV-1 drug resistance test-
ing is essential for heavily-treated patients switching from first- to sec-
ond-line regimens in resource-limited settings: evidence from routine
clinical practice in Cameroon. BMC Infect Dis 19:246. https://doi.org/10
.1186/s12879-019-3871-0.

54. Chimbetete C, Chirimuta L, Pascoe M, Keiser O, Clinic N, Chimbetete C.
2019. A case report of untreatable HIV infection in Harare, Zimbabwe.
South Afr J HIV Med 20:885. https://doi.org/10.4102/sajhivmed.v20i1.885.

55. Inzaule SC, Hamers RL, Mukui I, Were K, Owiti P, Kwaro D, Rinke de Wit TF,
Zeh C. 2017. Emergence of untreatable, multidrug-resistant HIV-1 in
patients failing second-line therapy in Kenya. AIDS 31:1495–1498. https://
doi.org/10.1097/QAD.0000000000001500.

56. Stanford University. 2018. HIV drug resistance database insti resistance
notes. Accessed May 5, 2020. https://hivdb.stanford.edu/dr-summary/
resistance-notes/INSTI/

57. Stanford University. 2019. INSTI resistance comments - HIV Drug Resist-
ance Database.

58. Venkatesan S, Rosenthal R, Kanu N, McGranahan N, Bartek J, Quezada SA,
Hare J, Harris RS, Swanton C. 2018. Perspective: APOBEC mutagenesis in
drug resistance and immune escape in HIV and cancer evolution. Ann
Oncol 29:563–572. https://doi.org/10.1093/annonc/mdy003.

Archived Mutations to INSTI in Cameroon Microbiology Spectrum

November/December 2022 Volume 10 Issue 6 10.1128/spectrum.03420-22 9

https://doi.org/10.1186/1742-6405-11-36
https://doi.org/10.1371/journal.pone.0187566
https://doi.org/10.1371/journal.pone.0187566
https://doi.org/10.1016/j.eclinm.2018.06.005
https://doi.org/10.1016/j.eclinm.2018.06.005
https://doi.org/10.2217/14750708.2.1.131
https://www.who.int/hiv/pub/guidelines/ARV2018update/en/
https://www.who.int/hiv/pub/guidelines/ARV2018update/en/
https://doi.org/10.1016/S1473-3099(16)30447-9
https://doi.org/10.1016/S2352-3018(17)30190-X
https://www.who.int/publications/i/item/WHO-HIV-2017.20
https://www.who.int/publications/i/item/WHO-HIV-2017.20
https://doi.org/10.1139/cjm-2015-0725
https://doi.org/10.1139/cjm-2015-0725
https://doi.org/10.1128/AAC.01643-21
https://clinicalinfo.hiv.gov/en/guidelines/hiv-clinical-guidelines-adult-and-adolescent-arv/whats-new-guidelines
https://clinicalinfo.hiv.gov/en/guidelines/hiv-clinical-guidelines-adult-and-adolescent-arv/whats-new-guidelines
https://clinicalinfo.hiv.gov/en/guidelines/hiv-clinical-guidelines-adult-and-adolescent-arv/whats-new-guidelines
https://doi.org/10.1007/s40121-014-0029-7
https://doi.org/10.1128/JVI.03353-14
https://doi.org/10.3390/v7072790
https://doi.org/10.1186/s13756-020-00799-2
https://doi.org/10.1186/s13756-020-00799-2
https://doi.org/10.1093/infdis/jix089
https://doi.org/10.1093/infdis/jix089
https://doi.org/10.1016/S2352-3018(19)30146-8
https://doi.org/10.1016/S2352-3018(19)30146-8
https://doi.org/10.1093/infdis/jix293
https://doi.org/10.4314/ijbcs.v13i3.11
https://doi.org/10.4314/ijbcs.v13i3.11
https://microdata.worldbank.org/index.php/catalog/3717
https://microdata.worldbank.org/index.php/catalog/3717
https://doi.org/10.1186/s12981-015-0081-8
https://doi.org/10.2174/1570162X14666161230105417
https://doi.org/10.2174/1570162X14666161230105417
https://doi.org/10.1155/2013/481314
https://doi.org/10.1155/2013/481314
https://doi.org/10.2147/HIV.S316776
https://doi.org/10.1186/s12879-021-06991-y
https://doi.org/10.1371/journal.pone.0232419
https://doi.org/10.1371/journal.pone.0232419
https://doi.org/10.1093/ofid/ofab648
https://doi.org/10.1186/s12879-019-3871-0
https://doi.org/10.1186/s12879-019-3871-0
https://doi.org/10.4102/sajhivmed.v20i1.885
https://doi.org/10.1097/QAD.0000000000001500
https://doi.org/10.1097/QAD.0000000000001500
https://hivdb.stanford.edu/dr-summary/resistance-notes/INSTI/
https://hivdb.stanford.edu/dr-summary/resistance-notes/INSTI/
https://doi.org/10.1093/annonc/mdy003
https://journals.asm.org/journal/spectrum
https://doi.org/10.1128/spectrum.03420-22


59. Tzou PL, Kosakovsky Pond SL, Avila-Rios S, Holmes SP, Kantor R, Shafer
RW. 2020. Analysis of unusual and signature APOBEC-mutations in HIV-1
pol next-generation sequences. PLoS One 15:e0225352. https://doi.org/
10.1371/journal.pone.0225352.

60. Cervantes-Gracia K, Gramalla-Schmitz A, Weischedel J, Chahwan R. 2021.
APOBECs orchestrate genomic and epigenomic editing across health and
disease. Trends Genet 37:1028–1043. https://doi.org/10.1016/j.tig.2021
.07.003.

61. Van Laethem K, Theys K, Vandamme AM. 2015. HIV-1 genotypic drug re-
sistance testing: digging deep, reaching wide? Curr Opin Virol 14:16–23.
https://doi.org/10.1016/j.coviro.2015.06.001.

62. Lengauer T, Pfeifer N, Kaiser R. 2014. Personalized HIV therapy to control
drug resistance. Drug Discov Today Technol 11:57–64. https://doi.org/10
.1016/j.ddtec.2014.02.004.

63. Seatla KK, Avalos A, Moyo S, Mine M, Diphoko T, Mosepele M, Gaolatlhe T,
Rowley CF, Ramaabya D, Jarvis JN, Kasvosve I, Gaseitsiwe S. 2018. Four-
class drug-resistant HIV-1 subtype C in a treatment experienced individ-
ual on dolutegravirbased antiretroviral therapy in Botswana. AIDS 32:
1899–1902. https://doi.org/10.1097/QAD.0000000000001920.

64. Semengue ENJ, Armenia D, Inzaule S, Santoro MM, Dambaya B, Takou D,
Teto G, Nka AD, Yagai B, Fabeni L, Chenwi C, Angong Beloumou G, Djupsa
Ndjeyep SC, Colizzi V, Perno C-F, Ceccherini-Silberstein F, Fokam J. 2021.
Baseline integrase drug resistance mutations and conserved regions across
HIV-1 clades in Cameroon: implications for transition to dolutegravir in
resource-limited settings. J Antimicrob Chemother 76:1277–1285. https://doi
.org/10.1093/jac/dkab004.

65. Fokam J, Ngoufack Jagni Semengue E, Armenia D, Takou D, Dambaya B,
Teto G, Chenwi CA, Nka AD, Beloumou GA, Ndjeyep SCD, Tchouaket MCT,
Fainguem N, Sosso SM, Colizzi V, Perno C-F, Ndjolo A, Ceccherini-Silberstein
F, Santoro MM. 2022. High performance of integrase genotyping on diverse
HIV-1 clades circulating in Cameroon: toward a successful transition to
dolutegravir-based regimens in low and middle-income countries. Diagn

Microbiol Infect Dis 102:115574. https://doi.org/10.1016/j.diagmicrobio.2021
.115574.

66. Fokam J, Mpouel Bala ML, Santoro M-M, Takou D, Tala V, Beloumou G,
Ngoufack ES, Chenwi C, Pabo Willy Leroi T, Njume D, Teto G, Dambaya B,
Djupsa S, Sosso S, Ateba F, Kamta C, Bala L, Njom Nlend A-E, Koki
Ndombo P, Colizzi V, Perno CF, Ndjolo A. 2022. Archiving of mutations in
HIV-1 cellular reservoirs among vertically infected adolescents is contin-
gent with clinical stages and plasma viral load: evidence from the EDCTP-
READY study. HIV Med 23:629–638. https://doi.org/10.1111/hiv.13220.

67. Fokam J, Santoro MM, Takou D, Njom-Nlend A-E, Ndombo PK, Kamgaing
N, Kamta C, Essiane A, Sosso SM, Ndjolo A, Colizzi V, Perno C-F. 2019. Eval-
uation of treatment response, drug resistance and HIV-1 variability
among adolescents on first- and second-line antiretroviral therapy: a
study protocol for a prospective observational study in the centre region
of Cameroon (EDCTP READY-study). BMC Pediatr 19:1–11. https://doi.org/
10.1186/s12887-019-1599-z.

68. Fokam J, Salpini R, Santoro MM, Cento V, D'Arrigo R, Gori C, Perno CF,
Colizzi V, Nanfack A, Gwom LC, Cappelli G, Takou D. 2011. Performance
evaluation of an in-house human immunodeficiency virus type-1 prote-
ase-reverse transcriptase genotyping assay in Cameroon. Arch Virol 156:
1235–1243. https://doi.org/10.1007/s00705-011-0982-3.

69. Fokam J, Takou D, Njume D, Pabo W, Santoro MM, Njom Nlend A-E,
Beloumou G, Sosso S, Moudourou S, Teto G, Dambaya B, Djupsa S, Tetang
Ndiang S, Ateba FN, Billong SC, Kamta C, Bala L, Lambo V, Tala V, Chenwi
Ambe C, Mpouel ML, Cappelli G, Cham F, Ndip R, Mbuagbaw L, Koki
Ndombo P, Ceccherini-Silberstein F, Colizzi V, Perno C-F, Ndjolo A. 2021.
Alarming rates of virological failure and HIV-1 drug resistance amongst
adolescents living with perinatal HIV in both urban and rural settings: evi-
dence from the EDCTP READY-study in Cameroon. HIV Med 22:567–580.
https://doi.org/10.1111/hiv.13095.

70. NIH. 2022. Antiretroviral medication dolutegravir (DTG, Tivicay, Tivicay
PD). https://clinicalinfo.hiv.gov/en/guidelines/pediatric-arv/dolutegravir.
Accessed 4 July 2022.

Archived Mutations to INSTI in Cameroon Microbiology Spectrum

November/December 2022 Volume 10 Issue 6 10.1128/spectrum.03420-22 10

https://doi.org/10.1371/journal.pone.0225352
https://doi.org/10.1371/journal.pone.0225352
https://doi.org/10.1016/j.tig.2021.07.003
https://doi.org/10.1016/j.tig.2021.07.003
https://doi.org/10.1016/j.coviro.2015.06.001
https://doi.org/10.1016/j.ddtec.2014.02.004
https://doi.org/10.1016/j.ddtec.2014.02.004
https://doi.org/10.1097/QAD.0000000000001920
https://doi.org/10.1093/jac/dkab004
https://doi.org/10.1093/jac/dkab004
https://doi.org/10.1016/j.diagmicrobio.2021.115574
https://doi.org/10.1016/j.diagmicrobio.2021.115574
https://doi.org/10.1111/hiv.13220
https://doi.org/10.1186/s12887-019-1599-z
https://doi.org/10.1186/s12887-019-1599-z
https://doi.org/10.1007/s00705-011-0982-3
https://doi.org/10.1111/hiv.13095
https://clinicalinfo.hiv.gov/en/guidelines/pediatric-arv/dolutegravir
https://journals.asm.org/journal/spectrum
https://doi.org/10.1128/spectrum.03420-22

	RESULTS
	Sociodemographic characteristics.
	Clinical characteristics.
	Virological response after exposure to INSTI.
	Genotypic resistance testing.
	Genetic diversity.

	DISCUSSION
	MATERIALS AND METHODS
	Study design and patients.
	Measurement of viral load.
	HIV-1 genotypic drug resistance testing.
	Data processing and statistical analysis.
	Data availability.

	ACKNOWLEDGMENTS
	REFERENCES

