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Abstract

Introduction. The spread of the human immunodeficiency virus type 1 (HIV-1) has become a global concern and
has approached the pandemic status. St. Petersburg, a major transportation, tourist, cultural, industrial center,
and a border city, is characterized by high migration of the population. The growing number of migrants can con-
tribute to importation and spread of new genetic variants of the virus and trigger recombination processes in the
virus population in St. Petersburg and the Leningrad Region.

The aim is to characterize the present-day HIV-1 subtype-specific profile and drug-resistance mutations among
patients with virological failure on antiretroviral therapy (ART) in the Leningrad Region.

Materials and methods. The study performed in 2016-2018 was based on clinical material from HIV-infected
individuals living in the Leningrad Region and having confirmed virological failure on ART. The genetic diversity
and distribution of drug-resistance mutations of the HIV-1 isolates were assessed through analysis of nucleotide
sequences of the virus pol gene fragment that included regions encoding protease and the reverse transcriptase
region.

Results. In the group (n = 138), most of the patients had sub-subtype A6 (97.4%) common in Russia, though a
few patients had subtype B and a recombinant containing circulating recombinant form CRF_03AB and sub-sub-
type A1. The tests showed that 95.79% of patients had at least one significant drug-resistance mutation; in most
cases (73%) the virus was resistant to 2 classes of antiretroviral drugs and in some cases (8%) — to 3 classes.
A total of 105 different drug-resistance mutations were found at 35 positions of the virus genome.

Conclusions. The high prevalence of HIV-1 drug-resistance mutations among ART patients with virological fail-
ure calls attention to surveillance of drug resistance of the virus both among ART-experienced patients and ART-
naive individuals.
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leHeTnyecKkoe pasHoOGpasme n mytTaLum NneKapCcTBeHHOMN
ycronumsoctn BUY-1 B JleHnHrpapckom obnactu

Lllemenes A.H."™, CemeHoB A.B.%, OctaHkoBa l0.B.", 3yeBa E.B.", Banytute A1.3.',
CemeHoBa [].A.", laBbigeHko B.C.", TotonaH A.A.

'CaHkTt-lMetepbyprcknin HAW anngemmonorum n mukpobronorun nmenun Mactepa, CaHkT-MNeTtepbypr, Poccus;
2EKaTepUHOYPrcKnii HayYHO-UCCNe[0BaTENbCKUIN MHCTUTYT BUPYCHbBIX MHGeKLUI [ocyaapCcTBEHHOro HayYHOro
LeHTpa Bupyconoruu n buotexHonorum «Bektop» PocnotpebHagsopa, EkateprHbypr, Poccus

AHHOMayus

BBeaeHue. [Npobnema pacnpocTpaHeHnst BUpyca ummyHogeduumTta Yenoseka nepsoro tuna (BUY-1) k HacTo-
AleMy BpemeHu obperna obwemMmnpoBoe 3HaYeHEe N hakTuieckuin ctatyc naHgemun. B CaHkT-lNetepbypre —
KPYNHOM TPaHCMNOPTHOM, TYPUCTUYECKOM, KYNbTYPHOM, NMPOMBILLMEHHOM U MPUrpaHUYHOM LeHTpe — Habnoga-
€TCs BbICOKasi MUrpaLMoOHHas aKTUBHOCTb HaceneHus. 3To MOXeT cnocobCTBOBaThb 3aHOCY WM pacnpocTpaHe-
HMIO HOBbIX FTEHETUYECKMX BapnaHTOB BUPYCA, a Takke PEeKOMOUHALMOHHBIM NpoLieccamM B BUPYCHOW NONynsauun
Cankr-lNetepbypra v INleHnHrpagckon obnactu.

Llenb — oxapakTepr3oBaTb COBPEMEHHbIN CyOTUMMYECKMIA Npocbunb U MyTaLMmu NEKapCTBEHHON YCTOMYMBOCTH
BWY-1 cpeam naumeHTOB € BMPYCONOrMYeckon HeaddeKTMBHOCTBIO aHTUpeTpoBmpycHon Tepanuu (APT) B Jle-
HWHrpaackon obnacTu

MaTtepuanbi u metoabl. B xoae pabotel B 2016—-2018 rr. 6bin1 nccneaoBaH KnMHUYeckuii matepuan ot BUY-mH-
PULMPOBaHHbIX NUL, U3 JIeHMHrpagckon obnactu ¢ NOATBEPXKAEHHON BUPYCONOrM4eckon HeadhdeKTUBHOCTLIO
APT. [Ins oueHKM reHeTu4ecKkoro pasHoobpasms 1 CTPYyKTYpbl MyTauuii NekapcTBEHHOW YCTONYMBOCTM NOMyYeH-
HbIX n3onsaToB BMNY-1 npoBoamnu aHanua HykneoTuAHbIX nocregoBaTenbHocTen dparMeHTa reHa pol Bupyca,
BKIIOYaloLLero obrnacTu, KogupyroLime npoteasy 1 y4acTtok 0bpaTHONM TpaHCKpMnTasbl.

PesynbraThl. B 06cnegosaHHom rpynne (n = 138) npeobnagan xapaktepHbin ans Poccun cybeyoTtunn A6 (97,4%),
OHaKO B €AMHWUYHBIX Ccrny4asax 6binm obHapyxeHbl cyb6Tvn B n pekombruHaHT, 06pa3oBaHHbIN LIMPKYNUPYIOLLEN
pekoMbuHaHTHoM dhopmort CRF_03AB n cybcybTtnnom A1. Mo pesynbratam aHanmsa y 95,79% nauneHToB Bbl-
siBneHa xoTsi bl 0gHa 3HaUMMas MyTaums NIeKapCTBEHHOW YCTOMYMBOCTM, Yalle Bcero (73% cnyyaeB) BUpYC Gbin
YCTOMYUB K 2 Knaccam aHTMPETPOBUPYCHbIX NpenapartoB, Ho MHoraa (8% cnyyaeB) — k 3 knaccam. Bcero Obinu
onpegeneHsbl 105 pasnuyHbix MyTaumin hapMakope3ncTEHTHOCTM B 35 No3numsax reHoMa Bupyca.

BbiBOAbI. YunTbiBasA BLICOKYIO BCTPEY4aEMOCTb MyTaumin papmakopesmcteHTHocTn BUY-1 y nauneHTos ¢ Bupy-
conornyeckun HeadpdekTnBHOM APT, npeactaBnsaeTcs HeobxoanMbIM HaA30p 3a NEKAapPCTBEHHOW YCTOMYMBOCTBIO
BMpYyca kak y nony4darowimx APT, Tak n y APT-HanBHbIX nuu,.

KnroueBble cnoBsa: BUY-1, nekapcmeeHHasi ycmotiyueocmbs BUY-1, ceHomunuposaHue BUY-1, anmupempo-
8UpYCHasi meparnusi, MOMeKynspHas anudemuonoausi

Amuyeckoe ymeepxdeHue. VccnenoBaHue NpoBoAMoCch Npy 40O6POBONLHOM UHPOPMMPOBAHHOM COrnacuy nauu-
eHTOoB. [poTokon nccnepoBaHns ofobpeH ATudeckum komuteToMm CaHkT-MNeTepbyprckoro Hay4HoO-MccneaoBaTenbLCKo-
ro MHCTUTYTa 3aNMaEMMornorun n mukpobunonorum um. Mactepa (Mpotokonesl Ne 3 o1 07.04.2010 1 Ne 47 ot 25.12.2018).

HUcmoyHuk (bUHchuposaHun. ABTOpbI 3asBNSIOT 06 OTCYTCTBUU BHELLHEro UHaHCHpOBaHNsS NPV NpoBeAEHNN UC-
crnegosaHuA.

KoHgpniukm uHmepecoe. ABTOpbI AeKNapUpyT OTCYTCTBME SIBHBIX U MOTEHUManNbHbIX KOH(IIMKTOB MHTEPECOB, CBSI-
3aHHbIX C NyGnuKauuen HacTosILWEN cTaTby.

Ansi yumupoeaHus: Wewmenes A.H., CemeHoB A.B., OctaHkoBa t0.B., 3yeBa E.B., Banytute [.3., CemeHoBa [.A.,
OasbiaeHko B.C., TotonsH A.A. leHeTuyeckoe pasHoobpasne n MyTauumn nekapcTBeHHow yctonumsoctn BUY-1 B Jle-
HUHrpazckow obnactu. XKypHan mukpobuonoauu, anudemuonoauu u uMmmyHobuonozauu. 2022;99(1):28-37.
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Introduction type. The global distribution of HIV subtypes/sub-sub-

According to UNAIDS', 31.6-44.5 million people
are currently living with human immunodeficiency vi-
rus (HIV) worldwide; in 2019, 1.2-2.2 million people
became newly infected with HIV [1].

One of the distinctive characteristics of HIV is
its high genetic diversity. There are two types of HIV,
out of which HIV type 1 (HIV-1) is the most common

' UNAIDS data 2020. URL: https://www.unaids.org/en/resources/
documents/2020/unaids-data (nara oopamenus: 05.09.2021).

types is not homogenous and varies across geograph-
ic regions. Subtype B is the dominant HIV-1 clade in
Western and Central Europe; however, in Russia and
CIS countries, due to specific features of the epidem-
ic process in the region, subtype B is the second most
common HIV variant, while the leading place is taken
by special sub-subtype A6 also known as IDU-A (from
injecting drug users) or A-FSU (from former Soviet
Union countries). This sub-subtype was previously
classified as A1, but due to significant differences from
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other HIV-1 sub-subtype Al variants in structure and
transmission, it was moved into an individual, relative-
ly uniform group [2, 3].

In Russia, there are also HIV-1 recombinant forms
combining genome fragments typical of several differ-
ent subtypes. These virus variants result from the re-
combination during reverse transcription, when reverse
transcriptase (RT) switches the template between two
co-packaged genomes, generating a chimeric DNA
molecule [1, 3]. If recombinant forms are fully se-
quenced and detected at least in 3 epidemiologically
unrelated patients, they are referred to as circulating
recombinant forms (CRF). Complex viruses (cpx) rep-
resent recombinants of 4 and more subtypes [1]. With
the dynamic nature of the HIV-1 pandemic, the number
of identifiable CRF is growing steadily, and currently
more than 100 CRF? have been identified.

Fast evolution of the virus, its molecular and genet-
ic variability resulting from multiple errors made during
replication, high mutation and recombination rates of
RT enzyme, and non-uniform fixation rate in nucleotide
substitutions during molecular evolution lead not only to
generation of a large number of subtypes and recombi-
nant forms, but also to accumulation of mutations, some
of which can be clinically significant [4]. Although
highly active antiretroviral therapy (ART), the prima-
ry goal of which is suppression of viral replication,
significantly improves the prognosis for HIV-infected
patients, reduces mortality and the number of compli-
cations associated with HIV-1, improves the survival
rate among patients, drug-resistance (DR) mutations of
the virus pose a growing threat to the long-term effect
of antiretroviral drugs (ARD) [5]. HIV-1 DR to drugs of
several groups is becoming of special concern, signifi-
cantly limiting the capabilities of therapy [6].

HIV infection belongs to the so-called socially
significant diseases that pose a threat to the public; it
is also declared a threat to national security’. During
the first six months in 2020, in Russia, there were
38,126 individuals with detected HIV-1 antibodies; by
the end of the first half of 2020, there were 1,094,050
Russians with the laboratory confirmed diagnosis
of HIV infection*. According to the Federal AIDS

2 HIV Circulating Recombinant Forms (CRFs) // HIV sequence
database (2017). URL: https://www.hiv.lanl.gov/content/sequ-
ence/HIV/CRFs/CRFs.html

Decree of the Government of the Russian Federation of Decem-
ber 1,2004 No. 715 “On approval of the list of socially significant
diseases and the list of diseases that pose a danger to others”;
Decree of the President of the Russian Federation of 06.06.2019
No. 254 «On the Strategy for the Development of Healthcare in
the Russian Federation for the period up to 2025».

Federal Scientific and Methodological Center for the Prevention
and Control of AIDS FBUN of the Central Research Institute of
Epidemiology of Rospotrebnadzor. Reference. HIV infection in
the Russian Federation as of December 31, 2020.

URL:  http://www.hivrussia.info/wp-content/uploads/2021/03/
VICH-infektsiya-v-Rossijskoj-Federatsii-na-31.12.2020-..pdf.
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Center, 5.5% of ARD-naive patients have drug resis-
tance’.

The Leningrad Region, a constituent entity of the
Russian Federation, is located in the northwest of Eu-
ropean Russia. St. Petersburg is the regional center of
federal significance; it has an important influence on
the region under study.

In St. Petersburg, the HIV infection epidemic start-
ed in the late 1980s and was of a relatively small size,
as the infection was spread mostly among high-risk
groups through sexual contact; the group of the infect-
ed was small and was characterized by the dominance
of subtype B. In the later years, the number of people
in the high-risk group increased significantly when the
virus was transmitted into the cohort of injecting drug
users. The mid-1990s marked an avalanche-like epi-
demic spread of HIV-1 in Russia [7, 8]. In the group of
injecting drug users, the highest prevalence rates were
recorded for sub-subtype A6, and injections became a
major route of HIV-1 transmission [9].

Although during the first six months of 2020, the
incidence in St. Petersburg and the Leningrad Region
did not exceed the average rates across the country, the
above regions fall into the category of most affected by
HIV infection. Currently, heterosexual transmission is
a dominant route of HIV infection. The literature data
demonstrate that HIV-1 sub-subtype A6 prevails in the
studied region, though there are other concurrently cir-
culating subtypes [10].

The most recent data on prevalence of HIV drug
resistance among ART patients with virological failure
in St. Petersburg were obtained in 2012 [9], while the
information about the current situation pertaining to
secondary DR of the virus is almost non-existent. No
DR related data about patients in the Leningrad Region
can be found in literature.

St. Petersburg, a major transportation, tourist, cul-
tural, industrial center, and a border city, is characterized
by high migration of the population. The growing num-
ber of migrants can contribute to importation and spread
of new genetic variants of the virus and trigger recom-
bination processes in the virus population of the region.

The aim of the study was to characterize the pres-
ent-day HIV-1 subtype-specific profile and drug-resis-
tance mutations among ART patients with virological
failure in the Leningrad Region.

Materials and methods

The study performed in 2016-2018 was based on
the clinical material collected from 138 patients living

> Federal Scientific and Methodological Center for the Prevention
and Control of AIDS FBUN of the Central Research Institute
of Epidemiology of Rospotrebnadzor. The level and structure
of HIV drug resistance among naive patients in the Russian
Federation. URL: http://www.hivrussia.info/wp-content/up-
loads/2020/12/2020-Rossijskaya-baza-dannyh-LU-VICH-u-
naivnyh-patsientov.pdf (mata ob6pamenus: 05.09.2021)
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in the Leningrad Region and having confirmed virolo-
gical failure on ART. The material was collected with
the voluntary informed consent of the patients. The
blood plasma was delivered to the North-West District
Center for AIDS Prevention and Control of the St. Pe-
tersburg Pasteur Research Institute of Epidemiology
and Microbiology to be examined for HIV DR.

The blood plasma was used for viral load tests
using the commercial AmpliSens® HIV-Monitor-FRT
kit (Central Research Institute of Epidemiology, Rus-
sia) with the sensitivity threshold of 500 copies/mL.
Samples with detectable viral loads were further test-
ed through RT-PCR and Sanger sequencing. Com-
mercial RT-PCR-kit-Pro/Rev and PCR-kit-Pro/Rev
(Central Research Institute of Epidemiology, Russia)
were used for HIV reverse transcription and amplifi-
cation; the sequencing reaction was performed in ac-
cordance with the manual of the AmpliSens® HIVRe-
sist-Seq kit (Central Research Institute of Epidemiol-
ogy, Russia). The genotyping of HIV-1 was based on
the analysis of nucleotide sequences of the pol gene
fragment of 1,302 nt, encoding protease (PR) and
part of RT in the 2,253-3,554 nt region; the coordi-
nates are given for HIV HXB2 (GenBank accession
number K03455.1) in the international GenBank da-
tabase. The products of the sequencing reaction were
analyzed using the ABI Prism 3500 genetic analyzer
(Applied Biosystems).

The primary analysis of nucleotide sequences was
performed using the NCBI Blast program to compare
with nucleotide sequences available in the internation-
al GenBank database. The alignment of nucleotide se-
quences was performed using the MEGAv.7.0 program
and the ClustalW algorithm [11]. For phylogenetic
trees and for the subsequent phylogenetic analysis, we
used the Neighbor-joining algorithm to optimize trees
in accordance with the balanced minimum evolution
criterion; to assess the reliability of phylogenetic re-
lationships, we used the bootstrap method to generate
multiple samples for 1,000 independent constructions
of each phylogenetic tree.

The genotyping of studied isolates was performed
both using the REGA HIV-1 Subtyping Tool v.3.0 pro-
gram® and the analysis of their phylogenetic relation-
ships with reference sequences from the international
GenBank database. To identify and analyze recombi-
nant forms, we used the REGA HIV-1 Subtyping Tool
v.3.0 program and the parameters preset in the program
(window size — 400 bp; step size — 20). The HIV-1
genetic sequences were assessed for DR mutations us-
ing the Stanford database’.

¢ REGA HIV-1 Subtyping Tool v.3.0. URL: http://dbpartners.
stanford.edu:8080/RegaSubtyping/stanford-hiv/typingtool/

7 Stanford HIV DB.
URL: https://hivdb.stanford.edu/hivdb/by-mutations

6574

55-64

4554

3544 3

25-34

Women

= Men

Fig. 1. Age and gender distribution of the examined
patients (%).

Results

Out of 138 patients, more than a half (59%) were
men. In the study group, most of the patients were of
35-44 years old (60%); the median age was 36 years
(Fig. 1). All the patients had a HIV-1 viral load exceed-
ing 1,000 copies/mL, thus making it possible to obtain
virus genome sequences encoding protease and RT re-
gion.

Two methods of typing, the phylogenetic analysis
and the analysis of sequences using the REGA HIV-1
Subtyping Tool v.3.0 program to improve the accura-
cy of distribution of HIV-1 subtypes, demonstrated the
following distribution of HIV-1 subtypes: sub-subtype
A6 common for Russia prevailed (98%); few cases had
subtype B (1%) and a recombinant of the circulating re-
combinant form CRF_03AB and sub-subtype A1 (1%)
(Fig. 2, Table 1).

The analysis showed that 96% of patients had at
least one significant mutation associated with DR for
the respective sub-subtype of the virus. We found a to-
tal of 105 different DR mutations at 35 positions of the
pol gene of the HIV-1 virus (Fig. 3). Most of the de-
tected mutations (89%) cause DR to nucleoside reverse
transcriptase inhibitors (NRTIs) (43%) and non-nucle-
oside reverse transcriptase inhibitors (NNRTIs) (47%).
Among the detected mutations, the smallest proportion
(11%) is represented by mutations associated with re-
sistance to protease inhibitors (PIs). The mutations that
are most frequently detected in patients are presented in
Tables 2 and 3.

In most of the detected DR cases (n = 130; 94%)
in the analyzed isolates, there were 2 and more muta-
tions. In such patients, the virus is generally resistant
to 2 classes of ARDs (n = 101; 73%) and sometimes to
3 classes of ARDs (n = 11; 8%).

Some of the obtained and analyzed nucleotide se-
quences of the pol gene region in the HIV-1 isolates
were deposited to the international GeneBank database
under numbers OL505461-OL505538.
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Fig. 2. The HIV-1 phylogenetic analysis with the Neighbor-joining algorithm (a) and the analysis of the recombination between
sub-subtype A1 and CRF_03AB with the REGA HIV-1 Subtyping Tool v.3.0 program (b).

a: ®* — reference sequences (Table 1); A — sequences of isolates from the study.

Discussion

The genetic diversity of HIV-1 in the study group
correlates with the diversity typical of Russia, demon-
strating the absolute dominance of sub-subtype A6.
Note that all the isolates were classified as sub-subtype
Al by genotyping with REGA HIV-1 Subtyping Tool
v.3.0; however, our own phylogenetic analysis lets us
state with confidence that they belong to sub-subtype
A6. This discrepancy can be explained by the fact that
the latest versions of the software do not include the
data confirming that sub-subtype A6 should be sepa-
rated from sub-subtype Al. In addition, the only case
had a complex recombinant of CRF_03AB and subtype
A1, the recombination analysis of which we performed
within the pol gene.

% [l] substitutions associated with resistance to Pls
90 4

s0 1 [] substitutions associated with resistance to NRTIs
707 [ substitutions associated with resistance to NNRTIs
60 -
50 4
40 +
30 1

20 4

1ZJ_L...HH HHHHHH

Genotyping is critically important for the further
testing of the sample for presence of ARD resistant
HIV variants, as genetic variants of the virus can dif-
fer in their biological properties, virus evolution rate
and disease progression as well as by the contribution
of different mutations to development of DR to ART.
Therefore, additional studies must be conducted to as-
sess the participation of recombinant forms in the ge-
netic diversity of the virus in the region. The lack of
attention to the high diversity of HIV recombinants and
unavailability of comprehensive data on most common
recombination points can result in misidentification of
DR in the virus [21].

Particular attention should be given to the differ-
ence in the genetic diversity of subtype-specific pro-

o

Moillea

46 50 82 88 154 41 62 65 67 69 70 74 75 77 90 98 100 101 103 106 108 115 138 151 179 181 184 188 190 210 215 219 221 225 238
Positions of identified significant mutations

Fig. 3. Frequency of substitutions at positions of the studied pol/ gene region.
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Table 1. GenBank reference sequences used in the phylo-

genetic analysis

Sub-subtype

GenBank sequence

A1l
A1
A1
A1
A1
A1
A2
A3
A3
AG
A6

O O O O W W m W w

o I

G

G
CRF_02AG
CRF_02AG
CRF_06¢cpx
CRF02_AG
CRF02_AG
CRF02_AG
CRF02_AG
CRF02_AG
CRF02_AG
CRFO03_AB
CRFO06_cpx

AF069670_A1_Somalia
AB287376_A1_Ruanda
U51190_A1_Uganda
EU110087_A1_Kenya
AF484509 A1_Uganda
AF107771_A_Sweden
AF286237_A2_Cyprus
AY521631_A3_Senegal
AY521629 A3 _Sweden
HQ449397_A6_Krasnodar
HQ161930_A6_Smolensk
EF589043_A6_Kazakhstan
AY500393_A6_Moscow
AF413987_A6_Kiev
M17449_B_USA
KJ771697_B_Germany
HM586190_B_UK
AY713409_B_USA
AY173951_B_Thailand
AF067155_C_India
U52953_C_Brazil
U46016_C_Ethiopia
AY772699_C_Africa
AF075703_F1_Finland
AF061641_G_Finland
U88826_G_Nigeria
AF084936_G_Congo
AF063224_CRF02_AG_Djibouti
GU201514_CRF02_AG_Cameroon
HQ529257.1_Ghana_crf_06cpx
KT124792_CRF02_AG_Germany
AB231898_CRF02_AG_Ghana
EU786671_CRF02_AG_Spain
AB231896_CRF02_AG_Ghana
AY151001_CRF02_AG_Ecuador
AF377954_CRF02_AG_Cameroon
AF193276_CRF03_AB_Kaliningrad

MH605500.1_Guinea-Bissau_crf_06cpx

files obtained in this study and in the study performed
in 2012 [9]. The Leningrad Region is characterized by
smaller numbers of detected subtypes as compared to
St. Petersburg, thus implying significant disconnected-
ness between the HIV-infected groups of the region and
the city despite their geographic proximity.

The frequency of DR mutations was extremely
high among ART patients with virological failure. Mu-
tations to RT inhibitors were most frequently detected,
while mutations associated with resistance to PIs were
detected only in 8 (6%) cases, thus leading to assump-
tion that it can be explained by a higher genetic barrier
to DR in PIs and by their less frequent use in treatment
regimens administered to the examined patients [22, 23].

Compared with the 2012 data on St. Petersburg,
the frequency of detection of HIV-1 DR mutations in-
creased more than 3-fold: from 30% to 95% [9]. The
increased number of resistant virus variants can be ex-
plained by changes in the HIV-infected population in
Russia: during this period, the epidemic went beyond
the vulnerable groups of the population, affecting a
larger number of HIV-infected people of higher so-
cial status. The ARD patients demonstrated increased
adherence. There was an increased number of patients
with suboptimal treatment adherence, which is a signi-
ficant contributor to the risk of DR development [24].
At the same time, the region demonstrates an increasing
frequency of transmitted primary resistance, which, un-
doubtedly, contributes to DR prevalence among ARD
people, as currently there is no patients’ screening for
RD mutations prior to their treatment [10].

In addition to the frequency of mutations, there
were changes in their distribution (Fig. 3). The most
frequently detected mutation is M184V (n=106; 77%).
The second most frequent mutation is Q15/M (n =70;
51%), which is associated with DR to several NRTIs;
note that it was not reported in 2012 [9]. In 2012, the
third most frequent mutations were G190S (47%) and
K103N (13%) associated with virus DR to NNRTIs; in
this study, the 3™ place is occupied by mutations at the
101 position (n = 65; 47%), and they are also associa-
ted with DR to NNRTIs. NRTI and NNRTI-resistance
mutations were detected at the same frequency, con-
jointly in many cases, causing resistance to most of the
RT inhibitors.

The major mutation M461/L was detected among
Pl-resistance mutations in all cases, and the minor mu-
tation L89T was detected in 3 cases.

In addition, 2 mutations were detected at the 10™
position in the protease region, one of which is L/0LF,
a minor Pl-resistance mutation resistance, and the other
mutation, L7101, detected in 40 (29%) cases, increases
replication of viruses with other Pl-resistance muta-
tions [25].

Note that the obtained results did not differ sig-
nificantly from the results obtained by the analysis of
HIV-1 subtype-specific and mutation profiles in ART
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Table 2. Most frequent HIV DR mutations in the examined patients

Mutation Frequency Description

M184V 106 (77%) Causes high-level resistance in vitro to 3TC and FTC and low-level resistance to ddl and ABC [12]

Q151M 70 (51%) Causes intermediate/high-level resistance to AZT, ddl, d4T, and ABC and low-level resistance
to TDF, 3TC, and FTC [13]

K101E 65 (47%) Causes intermediate-level resistance to NVP and RPV, low-level resistance to EFV and potentially

low-level resistance to ETR [14]
Y181C 37 (27%) Reduces susceptibility to NVP, ETR, RPV, and EFV more than
by 50-fold, 5-fold, 3-fold, and 2-fold, respectively [15]
K65R 37 (27%) Causes intermediate/high-level resistance to TDF, ddl, ABC, and d4T, and low/intermediate-level
resistance to 3TC and FTC. Increases susceptibility to AZT [16]

D67N 28 (20%) Associated with low-level resistance to AZT and d4T, and contributes to reduced susceptibility
to ABC, ddl, and TDF [17]

K103N 26 (19%) Causes a significant decrease in susceptibility to NVP and EFV [17]

E138A 22 (16%) Reduces susceptibility to ETR and RPV approximately by 2-fold [18]

G190S 19 (14%) Causes high-level resistance to NVP and EFV [19]

V9ol 18 (13%) Associated with a minimum decrease in susceptibility to NNRTIs [20]

patients with virological failure from other regions
of the North-West Federal District of the Russian Fe-
deration. For example, in Arkhangelsk sub-subtype A6
(90%) prevailed as compared to subtype B (9%); the
CRF03_AB variant was detected in 1 (1%) case. In the
group from Arkhangelsk, DR mutations were detected
in a smaller number of patients (86.7%) as well as mul-
tiple (2 and more) mutations were detected in a small-
er number of patients (81.9%), though there were no
significant differences. Mutations to RT inhibitors were
detected more frequently (84%) than mutations to Pls
(16%); isolates with DR only to NRTIs accounted for
17%, isolates with DR only to NNRTIs — 2%, with DR
only to PIs — 11%, with DR both to PIs and NRTIs —
12%, with DR to NRTIs and NNRTIs — 47%, with DR
to all 3 groups of inhibitors — 12% [26]. Although mu-
tations demonstrate quite similar prevalence rates, their
distribution is different. Among patients from Arkhan-
gelsk, mutation M184V had the highest prevalence of
72% (67% of all the mutations), similar to the results
obtained during this study. At the same time, the pre-
valence of mutations K703N (33%) and G190S (a little
less than 25%) is more similar to the prevalence repor-
ted in the study performed in St. Petersburg in 2012.
The similar prevalence of the above mutations was re-
corded among HIV-infected ART patients with virolo-
gical failure in Novgorod [27].

Conclusions

HIV-1 A6 (IDUA) remains the dominant genetic
HIV-1 variant in the Leningrad Region among patients
with virological failure on ART. It has been found that
the frequency of HIV-1 DR mutations increased sig-
nificantly compared to 2012. In all cases, among sam-
ples with DR mutations, there were mutations to 2 or
3 groups of drugs. The high prevalence of HIV-1 DR
mutations among ART patients with virological failure

Table 3. Frequency of the most common combinations
of HIV DR mutations in the examined patients

Mutations Frequency
M184V + K101E 29 (21%)
M184V + K103N 19 (14%)
M184V + K101E + G190S 17 (12%)
M184V + Q151M + K103N 16 (11%)
M184V + G190S 7 (5%)

calls attention to surveillance of HIV-1 DR both among
ART-experienced patients and ART-naive individuals.
Lack of surveillance can result in increasing numbers
of HIV patients with primary resistance to ART.

Further studies of HIV-1 molecular and epidemic
diversity will be essential for monitoring the spread and
escalation of the HIV epidemic.
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