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Abstract. The HIV infection epidemic in Russia continues to evolve, and HIV infection cases have been registered in all
territorial entities of the Russian Federation. 2021 Treatment coverage was 82.2% and 56.4% individuals under dispensary
observation and living with diagnosed HIV infection. 79.9% receiving ART subjects were shown to achieve undetectable
viral load. Highly active antiretroviral therapy (HAART) currently represents a combination of three (less frequently four)
antiretroviral drugs targeting pathways involved in various stages of HIV replication in vivo. Treatment failure is a problem
facing doctors and patients using HAART. The most common cause of therapeutic failure is the development of HIV drug
resistance. The emergence of resistance is associated with processes involving mutation occurring in the viral genome
influenced by evolutionary factors. Therefore, it is important clinically and programmatically to learn more about the rate
of first-line treatment failure, the rate of switching to a second-line ART regimen, and to identify patients at risk to develop
strategies for preventing development of further failure cases. The study was aimed at analyzing ineffectiveness of first-line
ART therapy in patients in Northwestern Federal District of the Russian Federation. Materials and methods. Sequencing
reactions were performed using the AmpliSens HI'V Resist-Seq. Assembly of consensus sequences from fragments obtained
during sequencing was carried out using Unipro UGENE software. Isolate genotyping was performed using the MEGA-X
software with the Neighbor-joining algorithm. Results. The HIV pol genes in 239 patients with first-line ART failure and
100 naive patients were sequenced; all sequences genotyped as HIV-1 subsubtype A6. According to analysis, 82% of patients
had at least one significant mutation associated with drug resistance for the corresponding viral subtype. In total, we
encountered 87 different drug resistance mutations. Conclusion. We have shown increased proportion of patients with
first-line ART failure among all patients with treatment failure. The main cause for such changes is probably related to the
prevalence of primary drug resistance, estimated here at 8%. Specific differences were found between drug resistance
mutation profiles in patients without suppressed viral load and patients with virological breakthrough. The overall results
of the study indicate a need to diagnose and characterize HIV drug resistance prior to initiation of therapy in order to avoid
ineffective first-line antiretroviral treatment.
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PUCK HEQ®DEKTUBHOCTU TEPANUU NEPBOM JINHWUU Y NALMUEHTOB C BUY

B CEBEPO-3ANAQAHOM ®EAEPAJIbHOM OKPYTE POCCUM

IIlemenes A.H.!, Ocrankosa 10.B.!, Baayrure /I.9.!, Cepukona E.H.!, 3yesa E.B.!, Cemenon A.B.2, Torossn A.A.!
"®BYH HUU snudemuonoeuu u muxpoouosoeuu umenu lacmepa, Cankm-Ilemep6ype, Poccus

2@PBYH DedepanvHblil HAYHHO-UCCACO08AMENLCKUN UHCMUMYM 8UPYCHbIX UHDeKyuil «Bupom» Dedeparvroii cayxncobl
no Hadzopy 6 cpepe 3auumol npag nompebumenell u baaeonoryyus veaogexa, e. Examepunoype, Poccus

Pesiome. Bsedenue. Dnnnemus BUU-undexkuun B Poccun npoposkaer pa3BuBarbesi, caydan BUU-undexunnm 3a-
perucTpupoBaHbl BO Bcex cyobekTax Poccuiickoit @enepanuu. OxBat aeyenuneM B 2021 1. coctaBui 82,2% oT uucia
HaxOIsIIKMXCs Ha AUCIIaHCepHOM HabmoaeHuu u 56,4% ot Beex iui ¢ BUY-undexiuueit. ¥ 79,9% nonyuabuiux APT,
OblJIa JOCTUTHYTA HeolpeaeaseMast BApycHasi Harpyska. BoicokoakTuBHas aHTUpeTpoBUupycHas tepanus (BAAPT)
B HACToSIIIee BpeMs IIPEICTaBIsIeT COO0I KOMOMHAIIMIO TPeX (pexke YeThIpeX) aHTUPETPOBUPYCHBIX ITPENapaToB; 3TU
MYTU-MUIIEHU yYaCTBYIOT B Pa3IMYHbIX cTanusx permkaunu BUY B opranusme. HeaddbekTuBHOCTSD leueHU —
npobJjemMa, ¢ KOTOPOH CTaJIKMBAIOTCH Bpauu U ManueHThl, npuMeHsome BAAPT. Haubonee pacipocTpaHeHHON
MPUYMHON TepaneBTUYECKON Heynauu SIBJISIETCS pa3BUTHUE JieKapcTBeHHON yctoitumBoctu BUY. Bo3HuKkHOBEHUE
PE3UCTEHTHOCTH CBSI3aHO C MPOIlecCaMU, COMTPOBOXIAIOIIMMUCS MYTaAUMSIMU, MTPOUCXOASIIIMMUA B BUPYCHOM TE€HO-
Me IOl BAUSTHUEM 3BOJIOLIMOHHBIX (haKTOpoB. TakuM 00pa3oM, BaxHO 0OJbIIe Y3HATh O YACTOTE Heyaay JeYeHU st
MepBOro psijaa, yactore nepexona Ha cxemy APT BToporo psiaa, a Takxke onpeneanThb, KakMe MalMeHThl MOoaABepKe-
HBbI PUCKY, YTOOBI pa3paboTaTh CTpaTernu MpeaoTBpalleHus ciydyaeB HeaddekTuBHOCTU. Llenb paboTel — mpo-
aHAJM3UPOBATh HEd(HEKTUBHOCTD TEPANIMU MEePBOi TMHUK Y 00JbHBIX B CeBepo-3anagHoM (enepalbHOM OKpyTe
Poccun. Mamepuans: u memoos:. Peaxuymm ceKBeHMPOBaHUS TIPOBOAMIN ¢ ucnosnbp3oBanrueM AmpliSens HIV Resist-
Seq. C60pKy KOHCEHCYCHBIX ITOCIeA0BATEIbHOCTEH U3 ParMEHTOB, ITOJYYCHHBIX ITPY CEKBEHNPOBAHUH, TIPOBOIMIIN
¢ momo1bio mporpammMHoro obecriedeHust Unipro UGENE. IeHoTunpoBanue n3019TOB MPOBOJMIIN C TIOMOIIBIO
nporpaMmmbl MEGA-X ¢ ucnonbzoBanuem anroputma Neighbor-joining. Pezyasmamsi. Bolny monydeHbl mocienona-
TeJbHOCTU reHa pol 239 mauueHToB ¢ HeadbekTuBHOCTHIO APT mnepBoit iuHuu 1 100 mauueHToB, paHee He MoTy-
yapiux APT; Bce mocieoBaTeIbHOCTU TeHOTUIIMPOBaHbI KaK cy0-cyoTun A6. CoracHo aHanu3y, y 82% naiueHToB
Obl1a XOTS Obl OJJHA 3HAYMMAsI MYTallus, CBSI3aHHAS C JIEKAPCTBEHHOI YCTOMUMBOCTBIO JJIS1 COOTBETCTBYIOLIETO MO/~
TUmna Bupyca. Bcero Mbl CTONKHYIUCH ¢ 87 pa3TUYHBIMU MYTallMSIMU JIEKAPCTBEHHON YCTOMYUBOCTU. Bbigodsl. Mbl
MoKa3aju yBeJIUYeHUe 101 MalueHToB ¢ HeaddhekTuBHOCThIO APT mnepBoil TMHUM cpenu Bcex MalMeHTOB ¢ Head-
(bexTuBHOCTBIO JeyeHUsT. OCHOBHOI MPUYMHON 3TUX U3MEHEHU U, BEPOSITHO, SIBJSIETCS paclpOCTPAaHEHHOCTh Tep-
BUYHOI1 JIEKapCTBEHHOI YCTOMYMBOCTH, OLIECHEHHAsI B 3TOii cTaThe B 8%. OnpeeieHHbIe pa3inyus ObLIM O0HApYKe-
HBI MEX Y TPOGUISIMU MyTaIlUi JIEKapCTBEHHOM YCTOMYMBOCTHU Y MAIIMEHTOB 0€3 IMOoIaBIeHM S BUPYCHOM HaTPYy3KH
1 y TAIlMEHTOB ¢ BUPYCOJOTMIECKUM MPOphIBoM. OOIIMe pe3yabTaThl pabOThl CBUIETEILCTBYIOT O HEOOXOTMMOCTHI
IUaTHOCTUKM U XapaKTepUCTUKH JJeKapcTBeHHOI ycToitumBocT BUY 10 Hauanma Tepanuu Bo n3oexaHue Heahpek-
THUBHOCTHU aHTUPETPOBUPYCHOI Tepariuy IePBOii TMHUN.

Karoueesnie caosa: BUY, pexombunanmuvie popmot BUY, nexapcmeennas ycmoiivueocms BUY, rabopamopras duaenocmuxka.

Introduction

Human immunodeficiency virus (HIV) is the cause
of acquired immunodeficiency syndrome (AIDS),
which is responsible for the deaths of over 38 million
people [18, 33]. Because there is no cure for HIV, pa-
tients are subject to lifelong therapy, yet when the first
HIV drugs were introduced, resistance evolved
in nearly all treated individuals in the first 6 months
of treatment, sometimes within weeks [13, 27]. This
drug resistance (DR), often encoded by single muta-
tions conferring strong resistance, led to rebounding
viral populations and treatment failure [9, 14].

Highly active antiretroviral therapy (HAART),
introduced in 1995, was expected to prevent the evo-
lution of drug resistance and subsequent treatment
failure [10]. However, while triple-drug combina-
tion therapies have saved many lives, HIV has con-
tinued to evolve drug resistance all the way up to the
present [11, 15, 24, 35]. The high mutation rate

of HIV is critical for its survival during drug thera-
pies. The virus can obtain drug resistance mutations,
and they are one of the major challenges for effec-
tive HAART. Some drug-resistant viruses are also
capable of being transmitted, and consequently
these strains can increase in prevalence as described
below [2, 4, 17, 36]. Adhering to the ART regimen
is crucial to achieve and maintain viral suppression
as well as to prevent further HIV transmission and
the progression of HIV infection [1, 3]. Furthermore,
close adherence to ART (over 95% of the time) is re-
quired to achieve full viral load suppression. When
patients fail to attain the required adherence level,
they may experience a poorer prognosis, higher mor-
bidity/mortality, or the development of resistance
to ART [12, 21].

The HIV infection epidemic in Russia continues
to evolve [32], and HIV infection cases have been
registered in all territorial entities of the Russian
Federation. The number of Russian regions with
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a high prevalence of HIV infection (more than 0.5%
of the population) reached 34 in 2018. In the first half
of 2020, 38 126 individuals with antibodies to HIV-
1 were newly identified in Russia. By the end of the
first half of 2020, 1 094 050 Russians with laborato-
ry-diagnosed HIV infection were known to be living
in the country [6]. The number of patients receiving
antiretroviral therapy was 660 821 in 2021. Treatment
coverage in 2021 was 82.2% of the number of those
under dispensary observation and 56.4% of the num-
ber of those living with a diagnosis of HI'V infection.
In 527 705 patients, 79.9% of those receiving ART, an
undetectable viral load was achieved [7].

Therefore, surveillance of the HIV epidemic and
HIV DR is strongly needed in the region since in-
creased ART coverage and a subsequent increase
in HIV DR to those drugs used can significantly wors-
en therapeutic effectiveness or make it impossible
to achieve the goals of the 90—90—90 initiative [34].
With this intended rapid scaling up of detection and
therapy, it is also important to sustain treatment suc-
cess with undetectable viral loads in patients on first-
line ART. Otherwise, failure on first-line regimens
can lead to a complicated, less tolerable, and more
expensive second-line ART regimen with fewer drug
options if drug related toxicities develop.

Therefore, it is important clinically and program-
matically to learn more about the rate of first-line
treatment failure, the rate of switching to a second-
line ART regimen, and to identify which patients are
at risk in order to develop strategies to prevent devel-
opment of further failure cases.

The aim of the work was to analyze ineffective-
ness of first-line therapy in patients in Russia’s
Northwestern Federal District.

Materials and methods

The study was approved by the Ethics Committee
of the Saint Petersburg Pasteur Institute. It in-
cluded analysis of HIV samples obtained from: 239
patients with first-line ART failure who contacted
the Northwestern Federal District AIDS Center

%
35

32

30 +

20 A

15

10 A

2014 2015 2016 2017 2018

Figure 1. 2014-2018 proportion of patients with
first-line ART failure

for diagnostic clarification of drug resistance status
in the period 2014—2018; and from 100 patients with-
out any history of ART.

Quantitative analysis of HIV RNA was carried out
with the AmpliSens® HIV-Monitor-FRT commer-
cial kit (Central Research Institute of Epidemiology,
Russia), with a sensitivity threshold of 500 copies/
ml. Samples with a detectable viral load (VL) were
analyzed using RT-PCR and Sanger sequencing.
For reverse transcription and amplification of HIV
RNA, the RT-PCR-kit-Pro/Rev and PCR-kit-Pro/
Rev commercial kits (Central Research Institute
of Epidemiology, Russia) were used. Sequencing
reactions were performed using the AmpliSens®
HIVResist-Seq kit (Central Research Institute
of Epidemiology, Russia) according to manufacturer
instructions, as described earlier [26]. Sequencing
was carried out using Applied Biosystems 3500 ge-
netic analyzers according to instructions.

Assembly of consensus sequences from fragments
obtained during sequencing was carried out using
Unipro UGENE software [8, 22, 25]. The consen-
sus sequence included a 1302 nt region of the poly-
merase (pol) gene encoding protease (PR) and a part
of reverse transcriptase (RT/OT) in the 2253—3554 nt
region; coordinates are given for HIV HXB2 in the
GenBank database (K03455.1). The resulting se-
quences were analyzed for the presence of drug re-
sistance mutations using the Stanford database [31].
Sample genotyping was performed using the REGA
HIV-1 Subtyping Tool 3.0 [23].

The statistical significance of differences was
determined using the chi-square test (y?). The level
of significance (p) adopted in this work was 0.05
(or 5.0%). Confidence intervals were determined by
the method of Klopper—Pearson.

Results

Study patients contacted the Northwestern
Federal District AIDS Center for diagnostic clarifi-
cation of drug resistance status over the 2014—2018
period. The proportion of patients with first-line
ART failure (among all patients with ART failure)
was not the same across years (Fig. 1).

The HIV pol genes of 239 patients with first-line
ART failure were sequenced; all sequences geno-
typed as HIV-1 subsubtype A6. According to analy-
sis, 82% (82% NRTI, 72% NNRTI) of patients had
at least one significant mutation associated with drug
resistance for the corresponding viral subtype. In to-
tal, we encountered 87 different drug resistance mu-
tations (49 NRTI, 38 NNRTI). The most common
mutations in patients are presented in Table 1.

The HIV pol genes of 100 patients with no history
of ART were sequenced; all sequences genotyped as
HIV-1 subsubtype A6. Viral genomes from 8 sub-
jects (8%, 95% CI 3.52—15.16%) were found to har-
bor resistance-conferring mutations to NRTIs. Four
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of these were found to harbor mutations associated
with zidovudine resistance. All significant drug re-
sistance mutations encountered were found in sin-
gle cases: K70E; K70R; D67N; L74; and M184V
(in combination with NNRTI-related resistance mu-
tations VI06M and G190S). An isolated amino acid
substitution, D67N, was found in one sample; it is as-
sociated with resistance to zidovudine only in com-
bination with other resistance-conferring mutations
(i.e., M41L, K70R, and T215Y). A62V (n = 4) was
identified by itself (3 samples) and once in combi-
nation with an NNRTTI resistance mutation, V179D
(1 sample).

Discussion

We draw attention here to the fact of an increase
in the number of patients experiencing ineffectiveness
with 1st line ART. Federal AIDS Center reports also
point to the insufficient effectiveness of ART. In only
80% of those receiving ART was an undetectable vi-
ral load achieved [7]. This trend is likely associated
with an increase in the prevalence of primary HIV
drug resistance in Russia, which is 5—7% according
to various estimates [16].

A similar prevalence of primary drug resistance
was obtained in this study. Moreover, the most com-
mon DR mutations in naive patients are multiple
drug resistance to drugs of the NRTI and NNRTI

classes, which are most often the main first-line
ART. The pattern of DR mutations among patients
with first-line ART failure is consistent with the most
common resistance mutations described in the litera-
ture [19, 29].

However, there is significant heterogeneity in the
occurrence of some mutations within the study group.
Conventionally, the group can be divided into two
subgroups: the first — patients who did not achieve
viral load suppression (n = 124); and the second —
patients in whom the viral load was suppressed, af-
ter which there was a virological breakthrough, i.e.,
a growth in viral load (n = 115). Comparison of these
subgroups revealed a difference in the occurrence
of some significant drug resistance mutations (Fig. 2).
For individual mutations, differences in occurrence
reached statistical significance (p < 0.05) (Table 2).

The most characteristic mutations for patients
in the first group (inadequate suppression) were K65R,,
Y181C, and Y115F. In the second group (inadequate
suppression with breakthrough), they were M184V,
D67N, K103N, and T215Y. Accordingly, for patients
who experienced a virological breakthrough after long-
term use of one ART regimen, thymidine analogue
resistance mutations (TAM) were more common,
as well as the K103N NNRTI resistance mutation.
For patients who initially failed therapy, mutations
to non-thymidine nucleoside analogues and NNRTI
resistance mutation Y181C were seen.

Table 1. Prevalence and description of drug resistance mutations in the studied HIV-1 samples using
the Stanford HIVdb Program (https://hivdb.stanford.edu/hivdb/by-mutations)

- Percentage (95% .
Mutation confidence interval) Description
M184V 53% M184V/I causes high-level resistance to 3TC and FTC, and low-level resistance
(46.59-59.34%) to ddl and ABC.
G190S 37% G190S is a nonpolymorphic mutation causing high-level resistance to NVP and EFV
(30.98-43.33%) (> 50-fold reduced susceptibility).
249 K101E is a nonpolymorphic mutation causing intermediate resistance to NVP
K101E (18 82—25 81%) (~5-fold reduced susceptibility) and low-level resistance (~2-fold reduced
' G susceptibility) to EFV, ETR and RPV.
939 K65R causes intermediate/high-level resistance to TDF, ddl, ABC and d4T
K65R (17 91_2§ 74%) (2 to 3-fold reduced susceptibility) and low to intermediate-level resistance to 3TC
’ ' and FTC (5 to 7-fold reduced susceptibility). K65R increases susceptibility to AZT.
AB2V is an accessory mutation that often occurs in combination with
A62V 15% the multinucleoside resistance mutations K65R or Q151M. Alone it does not reduce
(10.79-20.07%) NRTI susceptibility. A62V is widespread in subtype A viruses in former Soviet Union
countries but is otherwise nonpolymorphic.
Y181C is a nonpolymorphic mutation selected in patients receiving NVP, ETR and
14% RPV. Although Y181C itself reduces EFV susceptibility by as few as 2-fold, it is
Y181C (9.92-18.96%) associated with a reduced response to EFV-containing regimen because viruses
' IO with this mutation often harbor additional minority variant NNRTI resistance
mutations.
1% . . . . . .
K103N (7.38-15.59%) K103N is a nonpolymorphic mutation causing high-level resistance to NVP and EFV
E138A 11% E138Ais a common polymorphic accessory mutation weakly selected in patients
(7.38-15.59%) receiving ETR and RPV.
9% L74V/I cause high-level resistance to ddl and intermediate-level resistance to ABC.
L74V 5 73_15 29%) L74V increases susceptibility to AZT and TDF, but this increase is of uncertain
: eve clinical significance.
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Figure 2. Heterogeneity in distribution of drug resistance mutations in patients with first-line ART failure

It is interesting that M 184V (the most common
mutation both in the study group and in patients with
HIV DR generally) was significantly more common
among patients who have experienced a virological
breakthrough. Apparently, mutations causing DR
were obtained mainly before initiation of treatment
in the first group. In such cases (before treatment),
probably only those mutations that are least associ-
ated with impaired replication remain in the viral
genome. In the absence of selective drug pressure,
mutations which negatively affect replication have
no competitive advantage and likely self-eliminate
in the viral population. With ART, however, their
ability to confer resistance and permit replication at
all likely outweighs their detriment to replication.

However, this assumption casts doubt on the
fact that TAM and the M 184V mutation were also
detected among naive patients in this study. In this
light, additional studies are required to establish
the causes of differences in the mutation profiles
in the studied subgroups. It is worth noting dif-
ferences in the occurrence of the A62V mutation
in the different study groups. Among naive pa-

Table 2. Mutations with significant differed
prevalence between patients achieving no viral
load suppression and virological breakthrough

alz:itii:\?i;s Patients with 5
Mutation no viral Iogd virological (Yaxtes) p-value
i breakthrough
suppression
K65R 45% 5% 47.494 | <0.001
M184vV 46% 69% 11.658 | <0.001
Y181C 29% 8% 16.196 | < 0.001
Y115F 13% 2% 9.135 | <0.001
D67N 2% 13% 8.306 | 0.004
K103N 7% 19% 6.636 | 0.012
T215Y 1% 8% 5.687 | 0.018

tients, the occurrence of this mutation was 4%, yet
among patients with ART failure, it reached 15%.
At the same time, in ART failure subgroups 1 and
2, the prevalence of this mutation was also different:
12% and 22%, respectively. This difference does not
reach statistical significance (> (Yates) = 3.319, p =
0.069), but it closely approaches it.

HIV-1 reverse transcriptase (RT), the enzyme
responsible for converting the single-stranded viral
RNA genome into its double-stranded DNA coun-
terpart, can acquire an A62V amino acid substitution.
This is known to be associated with multidrug resist-
ance, but is not a resistance-conferring mutation by
itself [28, 30]. It is known that the A62V mutation
alone can significantly increase viral mutation fre-
quency [5, 20], while negatively impacting replicative
capacity and viral fitness in the absence or presence
of AZT. The fact that differences in A62V occurrence
did not reach significance may be due to insufficient
sample sizes. Nevertheless, the current trend may
suggest that presence of this mutation is associated
with an increased risk of virological breakthrough
in patients and subsequent higher mortality rates.

Conclusion

We have shown an increase in the proportion
of patients with first-line ART failure among all
patients with treatment failure. The main reason
for these changes is probably the prevalence of pri-
mary drug resistance, estimated in this paper at 8%.
Specific differences were found between drug resist-
ance mutation profiles in patients without viral load
suppression and patients with virological break-
through. A possible connection between the A62V
mutation and the likelihood of a virological break-
through was found. The overall results of the work
indicate the need to diagnose and characterize
HIV drug resistance before initiation of therapy
in order to avoid ineffective first-line antiretroviral
treatment.
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