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Rilpivirine (RPV) and Etravirine (ETR) are second-generation non-nucleoside reverse transcriptase
inhibitors (NNRTIS) that are not used for HIV-1 treatment in Kenya. In this cross-sectional study, we
sequenced and analyzed the reverse transcriptase and pol regions of HIV-1 genome from 140 HIV
infected individuals from Busia County Referral Hospital, Western Kenya, who were on anti-HIV
treatment with confirmed virologic failure. All the participants were on first-generation NRTI’s and
NNRTI’s for more than 12 months at the time of the study. Briefly, HIV RNA was extracted from plasma
samples and sequenced to analyze for the presence of HIV-1 drug resistance mutations. The study
findings showed that approximately 46% of the population had genotypic drug resistance against both
Etravirine and Rilpivirine which were classified as ranging from potentially low level resistance to high
level resistance despite being exposed to first-generation NNRTIs only. The study thus reveals that
cross-resistance was demonstrated between primary and secondary NNRTI drugs. The development of
cross resistance for RPV and ETR in patients on EFV and NVP poses a challenge in the use of these
drugs as second generation NNRTI drugs.

Key words: Non-nucleoside reverse transcriptase inhibitors (NNRTIs), NRTIs, Kenya, cross-resistance,
Etravirine (ETR), Rilpivirine (RPV), HIV-1.
INTRODUCTION

As of 2019, 38 million people were estimated to be living deficiency syndrome (HIV/AIDS) globally (Joint United
with human immunodeficiency virus/acquired immuno- Nations Programme on HIV/AIDS, 2019; Vardell, 2020).
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Sub-Saharan Africa bears the largest global HIV/AIDS
burden with 70% of the infections (Kharsany and Karim,
2016). South Africa leads in the number of HIV/AIDS
cases in Africa and globally (Mabaso et al., 2019). Kenya
on the other hand, is among the top five countries with
the highest HIV burden globally (Kimanga et al., 2014)
and has made considerable progress in the fight against
HIV/AIDS over the years (Kenya AIDS Response
Progress Report, 2016; Mwau et al., 2018; Joint United
Nations Programme on HIV/AIDS, 2018b). By the end of
2018, an estimated 1.6 million people were living with
HIV, 46,000 people being newly infected with HIV, and
26,000 dying from AIDS-related in Kenya (Joint United
Nations Programme on HIV/AIDS, 2018b). Approximately
1.5 million people between 15-49 years were living with
HIV/AIDS in Kenya by the end of 2017 (National AIDS
Control Council, 2018). The number of new HIV-1
infections in Kenya was estimated to be 77,647 in 2015
alone (National AIDS Control Council (NACC), 2016;
Joint United Nations Programme on HIV/AIDS, 2018c),
with the numbers dropping to 52,800 in 2017 (National
AIDS Control Council, 2018). There was a significant
decline in the total number of HIV/AIDS orphans from
959,334 children in 2010 to 661,119 in 2015 (National
AIDS Control Council, 2018).

Globally, there has been a concerted effort to scale up
the provision of antiretroviral therapy (ART) (Aung et al.,
2018; Dokubo et al., 2014) especially following the recent
findings showing that ART is important in decreasing HIV
transmission rates under the framework of HIV Treatment
as Prevention (TasP) in different settings (Brault et al.,
2019, 2020; Girum et al., 2018; Montaner et al., 2014;
Osler et al., 2018). There has been a massive scale-up of
antiretroviral therapy (ART) treatment and the associated
services in sub-Saharan Africa in the past decade
(Kharsany and Karim, 2016; Vandormael et al., 2019) to
reduce AIDS-related mortality and morbidity as well as
prevent HIV transmission and hence reducing its
prevalence (Kharsany and Karim, 2016; Montaner et al.,
2014; Osler et al., 2018). Antiretroviral drug regimens
against HIV/AIDS available globally are formulated
against HIV-1 subtype B, the most common subtype in
the Americas and Western Europe (Crawford et al., 2014,
Junqueira and de Matos Almeida, 2016; Kantor et al.,
2014; Taylor et al., 2008). However, HIV-1 subtype B
accounts for a small fraction (~12%) of the global HIV
epidemic with subtypes A1, C, and D accounting for most
of the epidemic (~88%) currently witnessed especially in
sub-Saharan Africa (Faria et al.,, 2019; Lessells et al.,
2012; Shao and Williamson, 2012; Venner et al., 2016).

There has been a steady increase in the number of HIV
infected individuals in Kenya (National AIDS Control
Council, 2018). By the end of 2018, 89% of those infected
with HIV in Kenya had been diagnosed and knew their
HIV status while 68% of those infected were already on
medication (Arts and Hazuda, 2012; Marsh et al., 2019;
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Joint United Nations Programme on HIV/AIDS, 2018a).
The introduction of the “test and treat” strategy in Kenya
under the 90-90-90 United Nations declared target where
everyone whotests HIV seropositive is immediately initiated
onART and pre-exposure prophylaxis (PrEP) to populations
at risk of HIV infection in many high HIV burden countries
as a prevention strategy has contributed to increased
number of Kenyans under ART (Eakle et al., 2018).

The recommended first-line non-nucleoside reverse
transcriptase inhibitors (NNRTI) medications for adult and
adolescent HIV-1 treatment in Kenya are Tenofovir
disoproxil fumarate (TDF), lamivudine (3TC) (or
emtricitabine, FTC), Dolutegravir (DTG) or efavirenz
(EFV) 400/600 mg (National AIDS and STI Control
Programme, 2018) ; Vitoria et al., 2019; World Health
Organisation, 2019). Whereas FTC is not commonly used
in Kenya, DTG has since been approved as a first line
drug of choice replacing EFV in program settings due to
its tolerability, durability, effectiveness, simplicity, cost-
savings and high resistance barrier (de Waal et al., 2018;
Lahuerta et al., 2020; Paul and Ugwu, 2020; World
Health Organisation, 2019). Etravirine (ETR) and
Rilpivirine (RPV) are second generation NNRTIs suitable
for people failing the first generation NNRTIs (Diphoko et
al., 2018; Teeranaipong et al., 2016). One of the future
options is to ratify the use of ETR and RPV which have a
higher genetic barrier and hence demonstrate lower
resistance profiles than their first-generation counterparts.
However, several studies have demonstrated the cross-
resistance between first and second-generation NNRTIs,
thereby compromising the use of ETR and RPV as
salvage drugs (Anta et al.,, 2013; Svard et al.,, 2017;
Vitoria et al., 2019). There is limited data on ETR and
RPV resistance patterns in sub-Saharan Africa, in Kenya
and also in Busia County which was our study site.

This study aimed at evaluating the prevalence of
resistance against second-generation non-nucleoside
reverse transcriptase inhibitors (ETR and RPV) in
patients who were on first-generation NNRTIs (EFV and
NVP) for more than 12 months in Western Kenya. The
results from this study are aimed at advising on the use
of second-generation NNRTIs as alternatives in HIV
treatment programs hence influencing policy.

METHODOLOGY
Study site setting

The study was conducted at the Busia County Referral Hospital,
Busia County, Western Kenya. All patients were on first-generation
NRTI and NNRTI regimens at the hospital’s HIV comprehensive
care center (CCC) which provides HIV treatment and care services
to patients from Kenya’'s Western region.

Study participants

The study participants were HIV-1 positive adult patients (aged
between 18 years and 60 years), receiving a triple ARV therapy
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Table 1. RT, nested and sequencing PCR Primers used for the amplification of the specific target gene region

(Pol-Reverse transcriptase region).

Primer Code Direction Sequence
RT18 Forward 1 5'GGAAACCAAAAATGATAGGGGGAATTGGAGG 3’
KS104 Reverse 1 5 TGACTTGCCCAATTTAGTTTTCCCACTAA 3’
KS101 Forward 2 5'GTAGGACCTACACCTGTTCAACATAATTGGAAG 3
KS102 Reverse 2 5’CCCATCCAAAGAAATGGAGGAGGTTCTTTCTGATG &

regimen classified as standard first-line (like TDF or AZT, 3TC, and
either NVP or EFV) from Busia county hospital for twelve months or
more. The patients must have attended the clinic at least once
within the previous six months and given informed consent to
participate in the study. Study participants who demonstrated
virologic failure as per the Kenyan guidelines with viral loads of
>1,000 copies/mL had their blood tested for HIV drug resistance.

Ethical considerations

This study was approved by the KEMRI/National Scientific and
Ethical Review Committees. Written informed consent was obtained
from each participant before conducting the study procedures.
Participants not willing to provide informed consent were excluded
from the study.

Laboratory testing
HIV-1 RNA viral load testing

Plasma samples for HIV-1 viral RNA and drug resistance testing
stored at -70°C were retrieved and thawed at room temperature. A
total of 925 patients qualified for viral load testing based on the
above inclusion criteria. Blood was drawn from these participants
and viral RNA was extracted from blood plasma using Qiagen RNA
MiniAmp kit (Qiagen, 2020). Viral load testing was performed using
Abbott M2000SP/RT (Abbott Molecular, Inc., Des Plaines, IL, USA)
viral load testing assay, whose lower detection limit was 40
copies/mL. Three levels of controls (high positive, low positive and
negative controls) were included in each run as per good clinical
laboratory guidelines for quantitative testing to ensure accuracy and
reliability of results.

HIV-1 drug resistance testing

Reverse transcriptase (RT) genotyping for resistance identification
was performed for all participants having a viral load of >1,000
copies/ml (n=146). Reverse transcription of the RNA was performed
by priming with UNINEF7 primer (5-
GCACTCAAGGCAAGCTTTATTGAGGCTT-3’) close to the 3' end
of the viral RNA. The extracted RNA (3 ul) was reverse transcribed
in a total volume of 20 pl with 500 uM dNTP, 2.5 uM primer, 1X RT
buffer, 5 mM MgCl;, 10 mM DTT, 40 U RnaseOUT, and 400 U
SuperScriptTM Ill RNase H- RT. The first-round of PCR had 25 pl
reaction volume with a mixture containing 3 pl of 5 U Expand Long
Template (Roche Diagnostics, Indianapolis, IN), 2.5 pl of 5X buffer,
0.3 pl of each RT18 and KS104 primers (Table 1), 2.0 pl dNTP, 2.0
ul MgCly, 14.7 pl of distilled water and 0.2 pl of Taqg polymerase.
The cycling conditions were 1 cycle of 95°C for 10 min and 35
cycles of 95°C for 30 s, annealing at 30°C for 60 s, and 72°C for 1

min, and final extension of 72°C for 10 min. From the first-round
PCR products, 3 pl was used as a template for the second reaction
volume with the second set of primers in Table 1 (KS101 and
KS102). The products were then directly sequenced using the
second set of primers (KS101 and KS102) (Table 1). This
sequence PCR was carried in a reaction mixture of 20 pl with a
dilution of 1:10. These contained 3 pl of DNA, 5X sequence buffer,
2.0 yl BigDye®, 10.5 pl of distilled water, and 1.5 pl of forward and
reverse primers. Amplification was carried out using a thermal
cycler at following PCR conditions: denaturation for 5 min at 96°C,
and again for 10 s at 96°C, annealing at 50°C for 5 s, and final
extension 60°C 4 min for 25 cycles. The HIV-1 genotyping assay,
which sequences the HIV-1 pol gene (base pairs covering PR
region: codons 4 - 99 and RT region: codons 41 - 247), was
performed directly using an automated ABI 3100 Genetic Analyze.
Sequence quality control was performed using the Los Alamos HIV-
1 sequence quality assurance tool
on https://www.hiv.lanl.gov/content/sequence/QC/index.html?sampl
e_input=1. HIV-1 resistance-associated mutations and phenotypic
drug resistance profiles were obtained from the Stanford University
HIV drug resistance database
on https://hivdb.stanford.edu/hivdb/by-sequences/. For statistical
analysis, number of NNRTI DRAMSs per person and the differences
of their distribution in either EFV- or NVP-based regimen were
analyzed by Pearson’s chi-square test. Susceptibility/resistance
analysis within EFV- or NVP-based regimen (paired samples:
susceptibility of ETR vs RPV in failed EFV- or NVP-based regimen)
was analyzed by using Wilcoxon signed-rank test. Pearson’s
correlation coefficients were calculated. A p-value of less than 0.05
was considered statistically significant.

RESULTS
Participant demographics

A total of 925 participants met the study’s inclusion
criteria with 548 (59.24%) females and 377 (40.76%)
males (Table 2). The participants' ages ranged between
21-67 years (IQR= 14.25), the mean age was 38.79
years, a median of 44 years, and a mode of 38 years.
The participants were either on EFV or NVP based
regimens with 73.9% (n=684) being on EFV-containing
regimens and 26.1% (n=241) of study participants being
on NVP containing drug combination (Table 2).

Viral load results

Ten (10) samples failed HIV viral load (VL) testing with
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Table 2. Socio-demographic and clinical characteristics for HIV
infected participants enrolled at the Busia County Referral Hospital
Comprehensive Care Centre in 2019.

Variable n (%)
Gender n=925 (%)
Male 377 (40.76%)
Female 548 (59.24%)
Age (years) n=925 (%)
<30 177
31-40 380
41-50 226
>50 142
Range 23-67
Mode 38
Mean 38.79
STDEV 10.03
Treatment regimen n=925 (%)
NVP based regimen 241 (26.1)
EFV based regimen 684 (73.9)
Treatment combinations

AZT+3TC+NVP 190 (20.5)
TDF+3TC+EFV 578 (62.5)
AZT+3TC+EFV 157 (17)
Viral load counts (copies/ml) n=915 (%)

Male
Female
Minimum
Maximum

Detectable viral load counts
Range
Mean

Virologic treatment failure
Female

371 (40.5%)

544 (59.5%)

Not Detected
1,234,454

n= 218 (%)
54 -1,234,454
62,542

n= 146 (%)
101 (69.2%)

Male 45 (30.8%)
VL Range 1472 - 1,234,454 copies/ml
Mean 93,300.30 copies/ml

915 successfully testing for HIV VL counts. Of the 915
eligible participants with successful HIV VL test results,

224 (24.5%) had detectable HIV VL (>40 copies/ml) while
691 (75.5%) had HIV VL counts below detection levels
(<40 copies/ml). Virologic treatment failure (described as
HIV VL counts > 1000 copies/ml) was reported in 16%
(146/915) of the participants (Table 2), although only 140
were successfully sequenced and tested for drug
resistance (GenBank accession numbers MW618176-
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MW618315). HIV-1 drug resistance-associated mutations
(DRAMSs) were reported in 62.1% (87/140) of the
participants successfully sequenced and tested for drug
resistance.

NNRTI drug
(DRAMS)

resistance associated mutations

A total of 197 NNRTI DRAMSs conferring resistance to first
generation (EFV and NVP), and second generation (ETR
and RPV) NNRTIs were present and distributed among
82/140 (58.6%) of the participants in the study
population. K103N/S family of NNRTI DRAMs had the
highest frequency at n=39(19.8%) followed closely by
G190A/S family DRAMs at n=33(16.8%) of the total
NNRTI DRAMs (Table 3).

While fifty-eight (participants did not possess any
NNRTI-DRAM, 21 participants had one NNRTI-DRAM
each, 27 participants had 2 NNRTI-DRAMs each, 22
participants had 3 NNRTI-DRAMs each, 7 participants
had 4 NNRTI-DRAMs each and 2 participants had 5
NNRTI-DRAMs each. The maximal number of NNRTI-
DRAMs present in one participant was 6, present in 3
participants (Figure 1).

Comparison between different NNRTI DRAMs between
EFV and NVP groups showed that there were
significantly higher frequencies of mutations in the EFV
group compared to the NVP group [p=<0.001] (Figure 2).

ETR/RPV resistance causing mutations

Overall, 76  (54.3%) of participants successfully
sequenced and tested for resistance did not possess any
ETR/RPV resistance causing mutations and hence
contained the wild-type virus in regards to ETR and RPV
DRAMSs. Sixty-four (64) participants in the study had at
least one or more mutations conferring varying degrees
of phenotypic drug resistance profiles to both ETR and
RPV. Interestingly, there was comparatively equal
number of participants with ETR and RPV DRAMs (64 for
each).

Despite these similarities, the resultant phenotypic
resistance profiles and especially high-level resistance
were higher for RPV than for ETR. The most common
ETR/RPVY DRAM was G190A/S (35%) followed by
K101E/P and Y181C/S/IH DRAMs at 21 and 15%
respectively (Figure 3).

G190A mutation presents alone conferred potential
low-level resistance to ETR and low-level resistance to
RPV. Y181C/S/H mutation alone conferred intermediate
resistance to EFV, ETR, and RPV but high-level
resistance to NVP while Y188L mutation in isolation
conferred high-level resistance to EFV, NVP, and RPV
and potential low-level resistance to ETR. On the other
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Table 3. Frequency of NNRTI DRAMs present in HIV infected
participants enrolled at the Busia County Referral Hospital
Comprehensive Care Centre in 2019.

NNRTI DRAM Number of DRAMs Percent
K103N/S 39 19.8
G190A/S 33 16.8
K101E/P 20 10.2
H221Y 18 9.1
Y181C/S/H 17 8.6
V108l 16 8.1
K238T 16 8.1
A98G 9 4.6
E138A/K/G 6 3.0
P225H 6 3.0
V179D/T/E 5 25
L100P/I 4 2.0
Y188N/F 4 2.0
M230L 4 2.0
Total 197 100
60
50
40
)
o
3 30
]
L
20
10
0 . | [
0 1 2 3 4 5 6

Number of NNRTI DRAMs

Figure 1. Frequency of cumulative number of NNRTI DRAMs for HIV infected participants
enrolled at the Busia County Referral Hospital Comprehensive Care Centre in 2019 (n=82).

hand, E138 series DRAMs (E138K, E138A, E138Q, and
E138G), usually rare mutations in non-B subtypes had
effects of potential low-level resistance to ETR and low-
level resistance to RPV when found in isolation whereas
V179/T/IE  mutation conferred potential low-level
resistance to both ETR and RPV. K103N and K103E did
not affect the phenotypic resistance profiles for ETR and
RPV.

A comparison between subtypes revealed that subtype

Al was present in 50% of the participants with ETR and
RPV resistance profiles, subtype D represented 28%,
subtypes Al D and Al _C represented 5% each,
subtypes Al _J, B, and G represented 3% each whereas
B_C represented 2% and Al_F1 represented 1% (Figure
4).
Overall, 76 participants were susceptible to both ETR
and RPV. On the other hand, 22 participants had
potential low-level resistance to ETR with 5 participants
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Figure 3. Proportions of ETR/RPV DRAMs for HIV infected participants enrolled
at the Busia County Referral Hospital Comprehensive Care Centre in 2019
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Figure 4. Proportions of ETR/RPV resistance profiles in different subtypes for
HIV infected participants enrolled at the Busia County Referral Hospital
Comprehensive Care Centre in 2019 (n=82).

demonstrating potential low-level resistance to RPV. Ten
(10) participants demonstrated low-level resistance to
ETR while 14 participants had low-level resistance to
RPV (Table 4). Twenty-three (23) participants
demonstrated intermediate resistance to ETR with 22
participants demonstrating intermediate  resistance
towards RPV. There were 9 participants with high-level
resistance to ETR compared to 23 participants with high-
level resistance to RPV (Table 4). Of those with high-
level resistance to ETR, 2 (22%) were males whereas 7
(78%) were females. Of the 23 participants with high-
level resistance to RPV, 14 (60.9%) were females while 9

(39.1%) were males. The differences between ETR and
RPV phenotypic resistance profiles were statistically
significant (p-value = 0.0015). Of the 76 participants who
were susceptible to ETR and RPV (with wild-type virus),
39 (51.3%) were females whereas 36 (48.7%) were
males. Of the 64 participants with any level of phenotypic
resistance, 39 (60.9%) were females while 25 (39.1%)
were males.

Six (6) participants reported the rare E138 series
mutations (E138K, E138A, E138Q, and E138G) that
confer phenotypic resistance to ETR and RPV. All these
participants with E138 series mutations had HIV-1
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Table 4. Distribution of the phenotypic drug resistance profiles for ETR and RPV for HIV infected
participants enrolled at the Busia County Referral Hospital Comprehensive Care Centre in 2019.

Phenotype EFV NVP ETR RPV
High-Level Resistance 74 9 23
Intermediate Resistance 1 23 22
Low-Level Resistance 2 10 14
Potential Low-Level Resistance 2 22 5
Susceptible 61 76 76

subtype Al.

DISCUSSION

Our study confirmed the high level of cross-resistance
between first-generation NNRTIs (EFV and NVP) and
second-generation NNRTIs (ETR and RPV) as reported
in several other studies (Diphoko et al., 2018; Saravanan
et al., 2017). Sluis-Cremer (2014), reported the high level
of cross-resistance between first and second-generation
NNRTIs used for prevention and treatment of infection
against HIV as a major source of concern for treatment
programs, especially in resource-limited settings. Our
study, in agreement with the aforementioned study,
showed that 45.7% of our participants had genotypically
predicted resistance to both ETR and RPV. Teeranaipong
et al. (2016) reported that only 11.1% and 10.9% of
patients who failed the NVP-based regimen and 32.2 and
31.6% of patients who failed EFV-based regimen in a
Thai population were susceptible to ETR and RPV
respectively. Our study, on the other hand, demonstrated
that 20% of patients who failed EFV and NVP-based
regimens were susceptible to both ETR and RPV. The
difference in ETR/RPV susceptibility between the Thai
and Busia (current) studies could be attributed to the
differences in study sites and populations. However,
there was some level of agreement between the two
studies concerning the similarity in ETR and RPV
susceptibilities.

First-generation NNRTIs (NVP and EFV) have low
genetic barriers making them more prone to drug
resistance (Echagien et al., 2005; Ndashimye and Arts,
2019; Saravanan et al., 2017; Usach et al., 2013).
Second generation NNRTIs (ETR and RPV) have
previously demonstrated higher susceptibility profiles
compared to the first generation NRRTIs in a majority of
the studies (Diphoko et al., 2018; Echaguen et al., 2005;
Usach et al., 2013; Zhou et al., 2016) due to their higher
genetic barriers (Saravanan et al., 2017), a concept that
was confirmed by our current study.

Till date, there are mixed reports on the differences
between ETR and RPV genotypic and phenotypic
resistance profiles from different research studies.

Saravanan et al. (2017), reported 47% and 65% ETR and
RPV resistance profiles respectively, contrary to our
current study which reported similar percentages of
resistance profiles between ETR and RPV (both with
45.7% resistance). Teeranaipong et al. (2014) reported
32.2 and 31.6% susceptibility in ETR and RPV,
respectively which was in concordance with the results of
this study. There is therefore a need for more studies to
clearly define the prevalence of ETR and RPV-associated
mutations in populations receiving first-generation
NNRTIs especially sub-Saharan Africa.

This study shows G190A/S mutations were the most
prevalent ETR/RPV resistance causing mutations in this
population followed by K101E/P and Y181C/S/H with
21.9, 13.7 and 10.2% respectively. This differed slightly
with the findings of Saravanan et al. (2017), who showed
Y181C/H mutations as the most prevalent, followed by
G190A/S and KI101E/H/P (45, 32.5, and 26%)
respectively. On the other hand, Gallien et al. (2015)
study on subtype B predominant population reported a
higher prevalence of Y181C/I/V mutations (18%) followed
by K101E/P (9%) and interestingly by the rare
E138A/G/K/Q/R/S (6%), a sharp contrast with the
findings of our study. This implies the possibility of
differences in the prevalence of ETR/RPV resistance
causing mutations based on the most prevalent HIV
subtypes. More studies on cross-resistance between first
and second-generation NNRTIs need to be carried out to
determine the effect of different subtypes on cross-
resistance.

Conclusion

This study has shown that high levels of cross-resistance
between NNRTIs were observed; that is, cross-resistance
within the first generation NNRTIs (NVP and EFV) and
within second-generation NNRTI (ETR and RPV) as well
as between first-generation and second-generation
NNRTIs. The prevalence of ETR and RPV DRAMs was
significantly higher in females than in males. Also, high
viral load counts were indicative of genotypic and
phenotypic ETR and RPV drug resistance. Drug
resistance patterns to ETR and RPV were significantly



affected by the subtype in any given participant.

Limitations of the study

The small sample size, cross-sectional of virologic failure
treated HIV patients and inclusion of infected at different
times, may not be representative the epidemic drive in
the region. Therefore, this data should be interpreted with
caution. Additionally, recombination patterns in a
heterogeneous epidemic are complex and will require
another generation of genome data level to fully
understand the changing dynamics of viral genotypes in
this region of Kenya.
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