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Abstract
Introduction It was previously shown that the presence of the E138A mutation is associated with resistance to rilpivirine
(RPV). Detection of this mutation is considered as contraindication for RPV use within the �rst-line ART. It is a lack of
knowledge regarding e�cacy of �rst-line RPV-based ART in patients bearing HIV with E138A mutation. In absence of HIV
genotyping in naïve patients it may in�uence the clinical decisions.

Methods We have collected all available patients unconventionally treated with RPV and carefully analyzed the ART
e�cacy in E138A carriers from the EuResist database. The viral load data in patients with E138A mutation at baseline was
extracted from the database. Due to uniqueness of these cases only 11 HIV infected patients were found. The virologic
outcome was analyzed according to the national and international ART guidelines.

Results The full virologic e�cacy of the �rst-line RPV-based ART regimen was demonstrated in 11 out of 11 patients
according to all guidelines.

Conclusions Our data suggest that the in�uence of the pre-existing E138A mutation on the sensitivity to RPV is very low or
insigni�cant. The results support importance of investigation of polymorphic pre-existing HIV drug mutations for ART
e�cacy.

Introduction
Rilpivirine (RPV), a second-generation non-nucleoside inhibitor (NNRTI), with con�rmed e�cacy, safety and tolerability [1],
is currently approved for the treatment of HIV infection in �rst-line three-drug antiretroviral therapy and as two-drug
(DTG/RPV) maintenance in European guidelines [2]. Recently, the safety and acceptability of the long acting (LA) RPV as a
mean of HIV pre-exposure prophylaxis was reported [3]. RPV is also evaluated as LA intramuscular ART included in
cabotegravir/RPV [4], which makes it possible to expand the use of RPV in the future.

The HIV Drug Resistance Stanford database de�nes E138A as a polymorphic mutation weakly associated with reduced
susceptibility to etravirine (ETR) and rilpivirine (RPV) [5], whereas HIV French Resistance database (ANRS) de�nes the
E138A virus as fully resistant to RPV [6]. In in vitro experiments, E138A decreases the susceptibility to RPV about 2-fold [7].

Globally, in antiretroviral therapy (ART)-naïve patients the prevalence of the mutations at E138 varies signi�cantly by the
HIV-1 subtype and is highest for subtype C (6.1%), F (5.1%), and A (3.3%) [8]. The variant of HIV-1, sub-subtype A6, that
caused the epidemic in Russia, induces for more than 70% of HIV-infection cases in Russia now [9, 10]. The prevalence of
this polymorphic mutation in A6 viruses in Russia is 4–8%, depending on the geographical region [10]. Hitherto, E138A has
not been included into the surveillance drug resistance mutations (SDRMs) list recommended by the World Health
Organization (WHO) for the surveillance of transmitted HIV drug resistance [11]. However, some researchers accounted for
this mutation when monitoring the non-nucleoside reverse transcriptase inhibitors (NNRTIs) drug resistance mutations in
HIV-1-infected naive patients [12, 13, 14, 15].

Machnowska et al. noted a high prevalence of NNRTIs mutations at polymorphic position E138 and suggested that the
alternative �rst-line regimens combining two NRTIs (nucleoside reverse transcriptase inhibitors) with dolutegravir (DTG)
should be preferred [14]. Theys et al. con�rmed that, in the geographical regions with high E138A prevalence, RPV-based
�rst-line ART could be compromised when initiated in the absence of routine genotypic resistance testing (GRT) in
treatment-naive patients [16]. Furthermore, presence of E138A mutation could impact treatment e�cacy or prevention
strategies that include RPV in geographical areas where the subtype C infection is prevalent [17]. Thus, in the countries
where HIV GRT is performed before ART start in all patients, detection of E138A advises against RPV use as part of the �rst
regimen. According to ART guidelines in Russia, HIV genotyping at baseline is not obligatory [18].
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Since the in�uence of E138A singletons on RPV activity as part of the �rst-line regimens is not completely clear, the aim of
this study was to analyze the virologic e�cacy of the �rst-line ART regimen based on RPV in HIV-1 infected patients with
pre-existing E138A mutation in reverse transcriptase. It is very rare that HIV patients with this mutation are treated with RPV
since it is against existing recommendations. Therefore we found only 11 patients with such a history of ART in all
EuResist database. Nevertheless, the results of such an unconventional therapy may be of interest to both clinicians and
virologists studying the phenomenon of HIV drug resistance.

Results
After database mining 11 participants were included in the study: 8 men and 3 women, with the median age 35.5 and with
viral load at baseline from 2625 to 57500 copies/mL. Six patients were infected by HIV-1 subtype B, three – by HIV-1
subtype C, one - by HIV-1 subtype A1 and one - by HIV-1 CRF02_AG.

The follow-up periods and frequency of VL measuring varied from 78 to 209 weeks and from 5 to 14 times, respectively
(Table I).

According to the database data of VL measurement at week 4 from ART start were available for 8 out of 11 patients. In
these 8 patients, VL decreased by more than 1 lg (Table I), which corresponds to the �rst criterion of effective therapy in
Russian ART guidelines.

We found that 12 weeks (3 months) from the ART start, VL was below 400 copies/mL in 10 out of 11 patients. In a patient
with the highest VL at baseline (449488), data at 12 week were absent. Interestingly, VL in this patient at 4.5 weeks from
ART start decreased down to 999 copies/ml. However, the results of VL measuring in 10 out of 11 patients fully
corresponded to the second criterion of e�cient therapy in Russian ART guidelines.

We also observed that after 24 weeks from the ART start, all eleven patients had VL below 200 copies/mL (Table I).
According to European guidelines this value corresponds to the absence of incomplete suppression. Following DHHS (U.S.
Department of Health and Human Services) ART guidelines, this value indicates the absence of virological failure
according to one of two criteria. At week 24 from the ART start 10 out of 11 patients had VL below 50 copies/mL (Table I)
and in one patient, 502672, the VL decreased at week 10 down to 147 RNA copies/ml and at week 40 it was below 50
copies/ml. This result was also classi�ed as a virological response.

Therefore, according to the Russian ART guidelines, data for all eleven patients were consistent with the third criteria of
e�cient therapy.

According to our data all patients demonstrated undetected VL within weeks 3 to 40 (Table I). In all 11 patients, the
sustained viral suppression below detection level (< 50 copies/mL) was observed throughout the entire period of
observation (Figure I). These VL values correspond to the absence of virological failure according to the Russian
guidelines. In European and DHHS guidelines, they correspond to the absence of virological failure, according to the second
criterion.

Discussion
Despite the obvious bene�ts of ART, the emergence of drug resistance mutations in HIV genome can severely compromise
its long-term e�cacy. The possibility of transmission of resistant viral strains and infecting with resistant HIV viruses
poses additional challenges for treatment and can compromise public ART programs in settings that use standardized
�rst-line regimens. However, mutations in positions associated with resistance are not always a consequence of treatment
or transmission of resistant viruses but may re�ect the phenomenon of natural polymorphism and have a subtype-speci�c
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nature resulting from the founder effect during the evolutionary formation of subtypes. The knowledge of the impact of
such pre-existing mutations on phenotypic HIV drug resistance remains very limited.

A literature review showed that there is no consensus on the signi�cance of pre-existing HIV drug resistance mutations, and
the separate analysis of genotype and phenotype in ART-naive subjects may provide con�icting results. For example, the
analysis of 18 subjects with minor resistance mutations in HIV-1 protease at baseline showed no signs of clinical
resistance during the ongoing ART [19]. No association was found between pre-existing resistance alone to NNRTIs and
rates of virological suppression for patients receiving an efavirenz/emtricitabine/tenofovir regimen [20]. It was also shown
that antiviral activity of INSTIs (integrase strand transfer inhibitors) was retained in HIV-1 mutants with minor resistance-
associated mutations [21]. Although it is a de�cit of information regarding mutation E138A we found several publications
on this issue. In the SPIRIT Study none of the virologically suppressed patients with single E138A mutation had virological
failure through week 48 after switching to rilpivirine/emtricitabine/tenofovir disoproxil fumarate [22]. In a study in patients
entering the SENSE trial of �rst-line ART in Europe, Russia and Israel, 13.9% of patients had one polymorphic mutation in
baseline plasma (V90I, V106I or E138A), without any impact on virological outcomes of etravirine-based ART [23]. In a
South African cohort, detection of drug-resistant mutations alone including E138A did not predict an increased risk of
virological failure [24]. Additionally, in the Eviplera clinical trial there was one patient with mutation E138A at baseline,
which maintained virological suppression throughout week 48 [25].

Alternative to these �ndings, an opinion exists that polymorphic mutations are not fully indifferent for the ART
effectiveness and may constitute a kind of support for major resistance mutations. In this role, they can compensate for
deleterious effect of major mutations, accelerate their selection, in�uence the time to resistance development, and the
choice of mutational pathways [26].

This is well established that polymorphisms at sites associated with HIV drug resistance occur frequently [27], and the
attitude to this issue is different in different countries. In countries where HIV genotyping is routinely performed prior to ART
initiation, the presence of any mutations in positions associated with drug resistance ultimately prevents using the
appropriate drugs. For example, according to the RPV package insert [28], the presence of E138A prior to therapy may
reduce the antiviral activity of RPV, and, in Europe, RPV-based ART will be not recommended to patients with this mutation.

In countries where HIV GRT is not performed before starting treatment, the widespread occurrence of such mutations could
potentially lead to ART failure in a signi�cant number of �rst-line patients. Due to this, it is believed that there is a higher
risk of virological failure of RPV-based ART in geographic regions such as sub-Saharan African in which HIV-1 subtype C
infections predominate (that is, E138A mutation is widespread) [29]. We observed similar issue in Russia, where the
frequency of the E138A polymorphic mutation in patients infected with the dominant HIV A6 virus ranges from 4 to 8%.
This mutation is not associated with the transmission of resistant viruses, since the frequency of its occurrence before the
use of RPV and ETR in Russia (until 2011) differed marginally from that in the subsequent time period [30].

Since it is planned to expand the use of RPV in Russia, including as part of single-tablet regimens, we were faced with a
particular question, namely, whether patients with pre-existing E138A mutation are more prone to rapid failure of �rst-line
RPV-based ART. To explore this issue, we undertook a search for RPV-treated HIV patients in the presence of E138A
mutation. Since in Russia GRT is not performed before starting ART, we had to look for such cases outside the country,
namely in the largest European database of HIV genotypes EuResist. The data on viral load during the time of the use of
�rst-line RPV-based ART were analyzed in detail in accordance to Russian and international criteria.

Our study demonstrated that virological e�cacy of �rst-line ART regimen based on RPV in HIV-infected patients with pre-
existing E138A mutation in reverse transcriptase did not meet the de�nition of virological failure and corresponded to three
out of three criteria of e�cient therapy according to the Russian guidelines. At the same time, it did not meet two out of two
criteria of virological failure in European and DHHS clinical guidelines. The sustainability of the virological response in all
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patients in this study suggests that a single pre-existing polymorphic E138A mutation unlikely will reduce the effectiveness
of RPV-containing �rst-line regimens.

Currently, the HIV treatment coverage in Russia is increasing and in 2018 the locally produced generic form of RPV
(Lakonivir) was registered. In the absence of the routine HIV GRT before starting ART our results may build background for
clinical solutions for prescribing �rst-line RPV. Our �ndings provide additional information on the effect of single pre-
existing mutations in positions associated with resistance on the ART effectiveness and advocate for expanding studies of
this kind.

Our study has several limitations. Only very small number of patients was observed with different observation time. This is
retrospective study with the measures of VL and patient examination not been scheduled consistently. Additionally, the HIV
patients were infected with different non-A6 HIV-1 subtypes viruses. Investigation of E138A mutation in HIV A6 sub-subtype
is pending.

In conclusion, in our investigation of ART naive patients the singleton pre-existing E138A mutation did not result in failure
of RPV-based ART. The exact role of this mutation and other singletons in the e�cacy of a �rst-line ART regimens should
be clari�ed and merits further investigation.

Methods
Study design and participants

The EuResist Integrated DataBase (EIDB) (https://www.euresist.org/) was queried for patient cases satisfying the following
criteria: a) age over 18 years, b) RPV as part of the �rst line ART regimen, c) regimen maintenance for more than 40 weeks,
d) E138A mutation at baseline and absence of other drug resistance RPV mutations, and e) absence of major NRTIs
mutations.

Patients were followed at Italian and Swedish national clinical centers participating to the EuResist Network and provided
written informed consent. Ethics approval is not applicable for this study.

The analysis of ART virological outcome was based on the de�nition of effective therapy and virological failure, according
to the Russian national guidelines, and the de�nition of virological failure, according to European and Department of
Health and Human Services (DHHS) clinical guidelines [2, 18, 31], as follows:

1. The viral load (VL) decreased by one log or more at week 4 after the ART start. First criterion of effective therapy
according to Russian national guidelines [18].

The results of VL measuring at week 4 were analyzed; alternatively, the results of VL measuring within the time interval of 2
to 4 weeks from ART start, closest to week 4.

2. The VL decreased at week 12 after the ART start below 400 RNA copies/ml. Second criterion of effective therapy
according to Russian national guidelines [18].

The results of VL measuring in the time interval from 2 to 12 weeks from ART starting, closest to week 12 were analyzed.

3. The analysis of VL at week 24 after the ART start and its evaluation compared to the two reference HIV-RNA values:

200 copies/ml. VL > 200 copies/ml at week 24 after starting therapy in people living with HIV (PLWH), not previously
on ART according to the European clinical guidelines is de�ned as incomplete suppression and is the �rst criteria of
virological failure [2]. Similarly, according to the DHHS guidelines, the inability to achieve VL < 200 copies/ml is the
criterion of virological failure [31].
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50 copies/ml. VL < 50 copies/ml at week 24 from therapy starting corresponds to the third criteria of effective therapy
in Russian national guidelines [18].

The results of VL measurement in the time interval from 4 to 24 weeks from ART start, closest to week 24, were analyzed.

4. Availability of information for time period to undetectable VL and the ability to maintain undetectable VL throughout the
follow-up period.

In the Russian national guidelines, virological failure is de�ned as two consecutive VL levels > 50 copies/mL detected with
an interval of 2–4 weeks in PLWH with previously undetectable HIV-VL at 6 months and later after ART start [18].

According to European guidelines, the second criterion of virological failure is VL rebound as con�rmed VL > 50 copies/mL
in PLWH with previously undetectable HIV-VL [2].

In DHHS clinical guidelines, the criterion of virological failure is de�ned as the inability to maintain suppression of viral
replication to an HIV RNA level < 200 copies/mL [31].

According to the combination of all three clinical guidelines, the VL level below 50 copies/mL was de�ned as a cut-off in
this study.
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Table 1
Design of analysis and VL measurement results

Patient

№

VL at
baseline.
copies/ml

Follow-
up
period,
weeks

The number of
VL
measurements
during the
observation
period1

VL at 4
weeks,
RNA
copies/ml

VL
decrease
from
baseline

at 4
weeks
(Lg)

VL at 12
weeks,

RNA
copies/ml

VL at 24
weeks,
RNA
copies/ml

Time to
reach
undetectable
VL level,
weeks

499976 2625 149 7 40 1.8 40 40 3

503470 4445 106 8 26 2.2 26 13 3

447257 5900 78 6 - - 0 0 6

501784 6282 111 7 - - 40 40 8

495772 16010 165 11 263 1.8 37 37 10

499502 19260 188 12 144 2.1 32 32 8

502672 22583 90 5 - - 147 147 40

468009 30270 209 14 217 2.1 217 1 15

449293 39500 209 12 35 3.1 35 35 4

449693 53100 136 9 525 2.0 266 33 17

449488 57500 179 10 643 2.0 999 31 18

1 – Including baseline point

 

Figures
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Figure 1

Viral load evaluation (copies/ml) in HIV-infected patients with pre-existing E138A mutation in reverse transcriptase
submitted to RPV-based therapy. A – 499976, 503470, 447257, 501784; B – 495772, 499502, 502672; C - 468009,
449293,449693, 449438.


