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Abstract

Introduction. As a result of routine testing of HIV-1 drug resistance (DR), a significant amount of viral nucleotide
sequences and epidemiological data of HIV-infected individuals have been collected. Combined with the increasing
use of bioinformatics methods in practice, it has become possible to study the features of HIV-1 resistant variants
spread using molecular clustering analysis.

The aim of the study was to validate the molecular clustering analysis in a pilot region of Russia using a significant
number of nucleotide sequences to study the features of the spread of HIV-1 resistant variants.

Materials and methods. HIV-1 nucleotide sequences were obtained from 899 HIV-infected patients who were
registered at the Oryol AIDS Center in 2016-2021. HIV-1 genetic variants were determined using the Stanford
University database, REGA and HIV BLAST. Resistance mutations and prognostic HIV-1 DR were determined
using the Stanford University database. Phylogenetic analysis was carried out using the MEGA program. HIV-1
molecular clusters were identified using Cluster Picker software.

Results. In the pilot region, sub-subtype A6 dominated (85.7%); an increase in the share of CRF63_02A6 was
noted. HIV-1 resistance was found in 13.6% of patients without antiretroviral therapy (ART) experience and in
52.0% with ART experience. Molecular clusters were more often formed by HIV-1 nucleotide sequences from
ART-naive patients. HIV-1 DR variants were less likely to fall into molecular clusters. The sources of transmitted
mutations were more often patients with ART experience. The most actively and efficiently transmitted mutations
were K103N, V179E/T, Y181C and G190S, associated with virus resistance to efavirenz and nevirapine.
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AHHOMauyusi

BBeneHue. brnarogapsa pyTMHHOMY TeCTUpPOBaHWUIO nekapcTBeHHon yctonumsoctu (JTY) BUY-1 HakannuBaetca
3Ha4YMMOE KONMMYECTBO HYKNEeOTMAHbIX nocneposartensHocTen (HIM) Bupyca n annaeMmonornyecknx OaHHbIX O
BAY-nHDULMpOBaHHBIX NWLaX, YTO BMECTe C aKTUBHbIM BHEAPEHUEM B MPakTuKy OmonHgopmatuyeckmx me-
TOOB NMO3BOSISIET UCMOMNBL30BaTh X ANt U3y4YeHNsi 0COBEHHOCTEN pacnpoCTpaHEeHNS1 PE3UCTEHTHbLIX BapnaHTOB
BWY-1 ¢ nomoLLblo aHanM3a MOMeKynsapHbIX KNnacTepos.

Llenb nccrnepoBaHns — anpobauns aHanu3a MOMEeKynspHbIX KNacTepoB Ha TEPPUTOPUM NUIOTHOIO pernoHa
Poccun ¢ ucnons3oBaHuem 3Haummoro konudectsa HIM ons ndyyeHus ocobeHHOCTEW pacnpocTpaHeHus pesu-
CTEHTHbIX BapuaHToB BUY-1.

Matepuanbi u metoasbl. MNMonyyexsl HIN BUY-1 ot 899 BUY-nHMOMLMPOBAHHBIX MALMEHTOB, COCTOSBLUMX Ha ANC-
naHcepHom y4éte B OpnoBsckom ueHTpe CIMU B 2016-2021 rr. OnpegeneHbl reHeTudeckme BapuaHTel BAY-1
C nomolLLbto 6a3bl AaHHbIX CTeHdopackoro yHuBepcuTteta, REGA 1 HIV BLAST. BbisiBNeHbl MyTaumm pe3ncTeHT-
HOCTW 1 onpegeneHa nporHoctnyeckaa JY BUY-1 ¢ ncnonb3oBaHnem 6a3bl gaHHbIX CTeHdopacKoro yHuBep-
cuteta. [poBenéH dunoreHeTnyeckun aHanus B nporpamme «MEGA». BbisiBneHbl MonekynsipHble KnacTtepbl
BWY-1 ¢ nomoulbto nporpammHoro obecneveHuns «Cluster Pickery.

Pe3ynbrathbl. Ha Teppytopun nMnoTHOro pernoHa goMuHupoBan cy6-cyoTtun A6 (85,7%), oTMeyeHo yBenuueHne
ponn CRF63_02A6. PesucteHTHOoCTb BNY-1 Gbina obHapyxeHa y 13,6% nauueHToB 6e3 onbiTa aHTMPETPOBU-
pycHon Tepanum (APT) ny 52,0% c onbitom APT. MonekynspHble kKnactepsbl Yawe obpasosbsiBanu HIM BAY-1
oT naumeHToB 6e3 onbiTa APT. J1Y-BapuaHTel BUY-1 pexxe nonaganv B MonekynsapHole knactepbl. IcTouHmkamm
nepefaBaemblx MyTaLMii Yallle SBNSNUCh NaumneHTsl ¢ onbiTom APT. Hanbonee akTuBHO 1 adhekTUBHO nepeaa-
Banucbk mytauumn K103N, V179E/T, Y181C, G190S, accoumMmpoBaHHble C YCTONYMBOCTbLIO BUpYyCa K 3aBpeH3y
1N HEBUPATMHY.

3akntoveHue. NprMeHeHe aHanu3a MOMEKYmsSpHbIX KNacTepoB, NpefocTaBnsioLLlero nigopmaumio o6 oco-
OEHHOCTSIX pacnpoCTpaHeHNs PE3NCTEHTHbIX BapuaHToB BNY-1, MoxeT ObITb peKOMeH0BaHO K NCMOMNb30BaHNI0
B Poccumn ¢ uenbto paspaboTku cTpaternii npodunakTuki npegoTepalleHns nepegadm J1Y-sapvaHToB Bupyca
1 NOBbILLEHUS 3P(PEKTUBHOCTY NEYEHUSI.

KnroueBble cnoBa: BUY-1, nekapcmeeHHasi ycmoul4ugocmb, Mymauyuu pe3ucmeHmHocmu, aHmupemposupyc-
Hasi mepariusi, MOeKynsipHble Knacmepbl, Kinacmepsbl nepedadu, anudemuonoauqeckuli Ha03op, 2eHOMHbIU 3ru-
demuornoeu4eckuli Had30p

Amuyeckoe ymeepxdeHue. VccnenosaHne NpoBoAMIIOCh Npy 4OGPOBONbHOM MHDOPMUPOBAHHOM COrflacumn nauu-
eHTOB. VccnenoBaHue 6bIno 04o6peHo NnokanbHbIM 3Tu4eckum komutetom LIHWW Snmnaemuonorun PocnotpebHanso-
pa (npotokon Ne 93 ot 18.06.2019).

UcmoyHuk ¢huHaHcupoeaHusi. ABTOpPbI 3asiBNSIIOT 06 OTCYTCTBUM BHELLUHEro (PUHAHCMPOBaHWS NPU NPOBEAEHNUMN UC-
crnegoBaHus.

KoHgbriukm uHmepecos. ABTOpbI AEKapupyroT OTCYTCTBME SBHbIX M NOTEHLMArbHbIX KOH(UKTOB MHTEPECOB, CBS-
3aHHbIX C Nybnukaunen HacTosiLLen cTaTbi.

Ans yumuposearusi: Knpuuenko A.A., Kupee [O.E., CupopuHa HO.H., AbawuHa H.O., bpyceHueBa E.E., Akum-
kvH B.I" TlunoTHoe nccrnegoBaHue No U3y4eHnto 0CobeHHOCTEN pacnpoCTPaHEHNsT PE3NCTEHTHbIX BapuaHToB BMY-1
C MOMOLLbIO MONEKYNSAPHbIX KnacTepoB. XKypHarn Mukpobuoozuu, anudemuosnoauu u ummyHobuonoeuu. 2024;101(5):
581-593.
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Introduction

Widespread use of antiretroviral therapy (ART)
significantly reduces morbidity and mortality of peo-
ple living with HIV (PLHIV) [1, 2], as well as the risk
of HIV transmission [3, 4]. However, the expansion of
ART coverage in HIV-infected patients inevitably leads
to the emergence and spread of drug resistance (DR) of
the virus, which jeopardizes the efficacy of ART [5, 6].
At least 20% of HIV-infected patients' in Russia annu-
ally experience virologic failure of ART, the main cause
of which is HIV-1 DR.

! Federal Scientific and Methodological Center for AIDS
Prevention and Control of the Central Research Institute of
Epidemiology of Rospotrebnadzor. Reference. HIV infection in
the Russian Federation as of December 31, 2022. URL: http://
www.hivrussia.info/wp-content/uploads/2023/09/Spravka-
VICH-v-Rossii-na-31.12.2022.pdf (date of access: July 8, 2024).

Lack of measures to counteract the emergence and
spread of HIV-1 DR variants will lead to reduced ART
efficacy, increased morbidity and mortality, poorer
health of PLHIV, reduced therapeutic options available
to patients, which will result in increased economic
costs of counteracting the HIV epidemic [7, 8]. Thus,
HIV-1 DR poses clinical, epidemiological and econo-
mic threats to achieving control of the HIV epidemic.

In this regard, recommendations were developed
in Russia to identify HIV-1 DR in clinical practice to
improve the effectiveness of treatment at the individual
level” and as one of the components of epidemiological
surveillance of HIV infection to improve the effective-

2 Clinical Guidelines “HIV Drug Resistance Analysis”. Moscow;
2017. URL: https://fedlab.ru/upload/medialibrary/f38/ -
10 04 2017 _.pdf (date of access: July 8,.2024).
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ness of ART and reduce the spread of HIV-1 DR at the
population level among HIV-infected individuals’.

In Russia, HIV-1 DR surveillance studies are rare-
ly and unsystematically conducted; however, HIV-1
DR testing at the individual level is one of the routine
types of analysis of ART efficacy, is included in the
standards of primary health care for HIV infection* and
is performed annually on at least 7,000 HIV-infected
patients’. Thanks to routine HIV-1 DR testing, a signifi-
cant amount of HIV-1 nucleotide sequences and related
epidemiological data on HIV-infected individuals has
been accumulated, which, together with the active in-
troduction of bioinformatic methods into practice, has
allowed the development of a new area called genom-
ic epidemiological surveillance [9]. In 2021, during a
pandemic caused by a new coronavirus infection, the
World Health Organization (WHO) called on countries
to strengthen the role of genomic epidemiological sur-
veillance to better understand the transmission of in-
fectious agents with pandemic and epidemic potential
in order to develop vaccines, drugs, diagnostic test sys-
tems, as well as to take measures aimed at preventing
the spread of infections®.

One of the most important tools for genomic
epidemiological surveillance of HIV infection is the
identification of molecular clusters, i.e., HIV-1 nucle-
otide sequences that have high genetic similarity’ and
suggest an epidemiological link between the HIV-in-
fected individuals from whom they are derived [10].
Clustering of HIV-1 nucleotide sequences indicates a
more active transmission of the virus [11] and makes it
possible to identify foci of increased morbidity, as well
as to characterize the cohort with the most active HIV-1
transmission for effective anti-epidemic measures. Cur-
rently, the US Centers for Disease Control and Preven-
tion (CDC) emphasize the identification of molecular
clusters and rapid response to them as one of the main
principles necessary to end the HIV epidemic, along
with early diagnosis, rapid and effective treatment and
prevention in at-risk groups [12].

3 Methodological Guidelines MG 3.1.5.0075/1-13 “Surveillance
of the spread of HIV strains resistant to antiretroviral drugs”
Moscow; 2013.

* Order of the Ministry of Health of the Russian Federation
Ne 438n from June 23, 2022 “On approval of the standard of
primary medical and sanitary care for adults with HIV infection
(diagnosis, treatment and dispensary monitoring)”.

5 ITPC, Eastern Europe and Central Asia. Analysis of procurement

of diagnostics for HIV treatment in Russia in 2020-2021.

(2022) URL: https://itpc-eeca.org/wp-content/uploads/2022/07/

monitoring-testov-vich-2020-21-gg-1.pdf

World Health Organization. Global genomic surveillance strategy

for pathogens with pandemic and epidemic potential, 2022—

2032. 2022. 32 p. URL: https://www.who.int/publications/i/

item/9789240046979 (date of access: 08.07.2024).

CDC. A guide for health departments: detecting and responding

to HIV Transmission Clusters, 2018. 2019. 131 p. URL: https://

www.cde.gov/hiv/programresources/guidance/cluster-outbreak/

index.html (date of access: 08.07.2024).

For such studies, the key factor is the “sampling
density” of HIV-infected persons, i.e. the proportion of
persons for whom the nucleotide sequence of HIV-1 is
known among all identified PLHIV in the region under
study. If the “sample density” is less than 10%, the reli-
ability and accuracy of the results obtained are signifi-
cantly reduced [13].

Currently in Russia, bioinformatic methods in epi-
demiological surveillance are used only for the purpose
of investigating cases of HIV infection, presumably re-
lated to the provision of medical care®. In turn, there
have been no studies devoted to the analysis of molecu-
lar clusters in epidemiological surveillance of DR vari-
ants of HIV in Russia.

Therefore, the aim of this study was to validate
molecular cluster analysis in a pilot region of Russia
using a significant number of nucleotide sequences to
study the features of the spread of resistant HIV-1 vari-
ants.

Materials and methods

Study samples

The study included 899 HIV-infected patients who
were registered at the Oryol Region AIDS Center from
2016 to 2021.

The criteria for inclusion in the study were the di-
agnosis of HIV infection confirmed in accordance with
national clinical protocols, as well as the availability of
patient data: gender, date of the first positive immune blot
result, and experience of taking antiretroviral drugs.

Inclusion criteria were a viral load of less than 500
copies/mL of HIV-1 RNA.

Informed consent was obtained for all patients or
their legal representatives (if the patient was less than
18 years of age at the time of the study) before perform-
ing procedures related to this study. The study was ap-
proved by the local ethics committee of the Central Re-
search Institute of Epidemiology of Rospotrebnadzor
(protocol No. 93 of 18.06.2019).

RNA extraction and HIV-1 sequencing

Extraction of HIV-1 RNA from blood plasma and
sequencing of amplified fragments of the pol gene en-
coding protease and part of reverse transcriptase (2253-
3368 bp. relative to the reference strain HXB2, Gen-
Bank #K03455) were performed using the AmpliSense
HIV-Resist-Seq reagent kit (Central Research Institute
of Epidemiology of Rospotrebnadzor) with an Applied
Biosystems 3500 Genetic Analyzer (Life Technologies)
or with the in-house method using the next-generation
sequencer MiSeq (Illumina).

Sequencing data were processed and consensus
sequences were obtained using DEONA software (ver-

8 Methodological guidelines of Rospotrebnadzor MG 3.1.3342-16
“Epidemiological surveillance of HIV infection”. Moscow; 2016.
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sions 1.2.3, 1.7.0) (RMBit) for classical sequencing
data and with the help of the Trimmomatic [14] and
VirGenA programs [ 15] for next-generation sequencing
data with a 20% sensitivity threshold for HIV-1 minor
variants.

All nucleotide sequences were subjected to qua-
lity control using the WHO BCCfE HIVDR QC instru-
ment’.

The obtained HIV-1 nucleotide sequences as well
as related epidemiological and laboratory data on pa-
tients were uploaded to the Russian Database of HIV
resistance to antiretroviral drugs'’.

Identification of HIV-1 genetic variants

HIV-1 genetic variants were identified using the
Stanford University HIVdb (v. 9.1)"" and REGA HIV-1
Subtyping Tool (v. 3.0)".

In case of discordant results between the two
tools, nucleotide sequences were analyzed using the
HIV BLAST (Basic Local Alignment Search Tool) tool
of the Los Alamos Institute international database'.

Determination of HIV-1 drug resistance

Resistance mutations were identified using the
Stanford University HIVdb database (v. 9.1), according
to which each mutation and combination of mutations
are assigned penalty scores characterizing the level of
HIV-1 prognostic DR: potential-low (10-14 points),
low (15-29 points), intermediate (30—59 points) and
high (more than 60 points). The DR variants of the vi-
rus were considered to be those for which 15 or more
penalty scores were obtained.

HIV-1 prognostic DR was assessed to:

* protease inhibitors (PIs): atazanavir (ATV),
darunavir (DRV), fosamprenavir (FPV), indi-
navir (IDV), lopinavir (LPV), nelfinavir (NFV),
ritonavir (RTV), saquinavir (SQV), tipranavir
(TPV);

* nucleoside reverse transcriptase inhibitors
(NRTIs): abacavir (ABC), zidovudine (ZDV),
stavudine (d4T), didanosine (ddI), emtricitabine
(FTC), lamivudine (3TC), tenofovir (TDF);

* non-nucleoside reverse transcriptase inhibitors
(NNRTIs): doravirine (DOR), efavirenz (EFV),
etravirine (ETR), nevirapine (NVP), rilpivirine
(RPV).

The 2009 Surveillance Drug Resistance Mutation
(SDRM) list, significant for surveillance of transmitted
DR HIV-1, was used to assess mutations in ART-naive
patients [16].

¢ URL: http://pssm.cfenet.ubc.ca/who_qc/

10 URL: https://ruhiv.ru

1" URL.: https://hivdb.stanford.edu/

12 URL: http://dbpartners.stanford.edu:8080/RegaSubtyping/
stanford-hiv/typingtool

13 URL: https://www.hiv.lanl.gov

ORIGINAL RESEARCHES

Phylogenetic analysis

HIV-1 nucleotide sequences were aligned using
the online software of the Los Alamos Institute Interna-
tional Database using the HMMER method.

Editing and trimming of the aligned nucleotide se-
quences was performed using the BioEdit 7.0.9.0 pro-
gram.

Phylogenetic analysis was performed by maxi-
mum likelihood method with bootstrap 100 and general
reversion model with invariant sites and gamma distri-
bution (G+I) in MEGAG program.

Identification of HIV-1 molecular clusters

HIV-1 molecular clusters were identified using
the Cluster Picker 1.2.3 software [17] with a bootstrap
threshold of 0.9 and a genetic distance threshold of
0.045 nucleotide substitutions per position (4.5%).

Molecular clusters were visualized using the Mi-
crobeTrace online software'®.

Clusters were classified as large if they consisted
of 4 or more nucleotide sequences and active if they
contained at least 1 nucleotide sequence from a patient
diagnosed with HIV infection between 2019 and 2021.

Statistical analysis

The data obtained in the study were statistically
processed using Microsoft Excel and GraphPad Prism
online software. The statistical significance of differ-
ences between quantitative indicators was assessed
using Fisher’s two-sided exact test. Differences were
considered significant at p < 0.05.

Results

Patient characteristics

The study included 899 HIV-infected patients,
representing 34.1% of identified PLHIV in the study
region as of the end of 2021".

At the time of blood collection, 354 (39.4%) pa-
tients were ART-naive and 545 (60.6%) patients were
ART-naive.

The median age of patients at the time of blood
collection for the study was 37 (32—42) years. Among
ART-experienced patients, there were 6 (1.7%) HIV-in-
fected patients less than 18 years of age.

The route of HIV-1 transmission was known for
874 (97.2%) study patients. The main routes of HIV-1
transmission were sexual (507; 65.0%) and paren-
teral through intravenous drug administration (283;
31.5%).

14 URL: https://microbetrace.cdc.gov

15 ®enepanbHbIil HAYYHO-METOAUIECKHUNA IEHTP MO MPO(UIAKTHKE
u 6opnbe co CIIN/Jom ®BYH IITHNU DOnupemuonoruun Pocrno-
TpebHan3opa. Mupopmarmonssiii Oromtetens Ne 46 «BUY-un-
dexmus». 2021. URL:  http://www.hivrussia.info/wp-content/
uploads/2022/05/Byulleten-46-VICH-infektsiya-za-2020-g.-.pdf
(nara obpamenus: 08.07.2024).
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Male patients made up the majority (512; 57.0%).
Table 1 presents the clinical and epidemiological
characteristics of all patients included in the study.

HIV-1 genetic variants

The dominant genetic variant of HIV-1 was
sub-subtype A6, which was detected in 85.7% of
HIV-infected patients. The circulating recombinant
form (CRF) 63 02A6 was detected with high fre-
quency (10.6%), the prevalence of which increased
among the study patients diagnosed with HIV infec-
tion in 2015-2021 (Fig. 1). The other HIV-1 genetic
variants were much less common: subtype B, 2.4%;
CRF02_AG, 1.0%; CRF03_A6B, 0.2%; and subtype
F, 0.1%.

Drug resistance and HIV-1 resistance mutations

Among 545 ART-naive patients, HIV-1 DR
to at least one antiretroviral drug was detected in 74
(13.6%) HIV-infected individuals: most often to NNR-
TIs (11.4%), significantly less often to Pls (2.8%) and
NRTIs (0.7%).

Among the NNRTI class, HIV-1 DR was detec-
ted most frequently to RPV (7.3%), NVP (6.4%), and

Table 1. Clinical and epidemiological characteristics of patients

EFV (6.1%), with predominantly high-level DR to Ist
generation drugs (Figure 2). Among PlIs, HIV-1 DR
was most frequently detected to NFV (2.6%). Among
drugs of the NRTI class, HIV-1 resistance was identi-
fied most frequently to ABC (0.7%), FTC (0.7%) and
3TC (0.7%).

HIV-1 DR among ART-naive patients was pre-
dominantly detected to only one class of drugs — NNR-
TIs (10.1%). HIV-1 resistance only to Pls was detected
in 12 (2.2%) patients, HIV-1 DR only to NNRTIs was
not detected. Multidrug resistance was detected rarely
and only simultaneously to two classes of antiretrovi-
ral drugs: PIs + NRTIs (0.6%) and NRTIs + NNRTIs
(0.7%).

Analysis of HIV-1 DR patterns revealed that at
least one resistance mutation, including polymorphic
mutations for sub-subtype A6 — A62V and E138A,
was detected in 273 (50.1%) HIV-1-infected individu-
als. The most common mutations were K103N (4.6%),
E1384 (4.2%), G190S (1.5%), VI79E (1.3%), and
KI10IE (1.1%), and the most common mutation for the
NNRTI class was A62V (39.4%). The remaining mu-
tations, including those to the PI class, occurred at a
frequency of less than 1%.

Characteristic | ART-experienced patients ART-naive patients Total
Number of patients 354 545 899
Age, years, median (IQR) 37 (33-42) 36 (31-42) 37 (32-42)
Sex, n (%)
male 196 (55.4) 316 (58.0) 512 (57.0)
female 158 (44.6) 229 (42.0) 387 (43.0)
Route of transmission, n (%)
sexual (heterosexual) 177 (50.0) 330 (60.6) 507 (56.4)
sexual (homosexual) 1(0.3) 6 (1.1) 7 (0.8)
sexual (unspecified) 46 (13.0) 24 (4.4) 70 (7.8)
parenteral (narcotic) 116 (32.8) 167 (30.6) 283 (31.5)
mother-to-child 7(2.0) 0 7(0.8)
unknown 7 (2.0) 18 (3.3) 25 (2.8)
Viral load, log,, copies/mL, median (IQR) 4.2 (3.7-4.9) 4.6 (4.0-5.2) 4.5 (3.9-5.1)
Sampling year, n (%)
2016 22 (6.2) 0 22 (2.4)
2017 35(9.9) 0 35(3.9)
2018 139 (39.3) 341 (62.6) 480 (53.4)
2019 110 (31.1) 113 (20.7) 223 (24.8)
2020 6 (1.7) 0 6 (0.7)
2021 42 (11.9) 91 (16.7) 133 (14.8)
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Fig. 1. Distribution of HIV-1 genetic variants by year of diagnosis of HIV infection.

SDRMs were detected in 6.8% of ART-naive pa-
tients, and a tendency to increase their prevalence was
noted. For example, in patients with a blood collection
date in 2018, 2019, and 2021, at least one surveillance
mutation was detected in 5.9% (95% CI 3.8-8.9%),
6.2% (95% CI 2.8-12.4%), and 8.8% (95% CI 4.3—
16.6%) of cases, respectively.

The complete list of detected mutations among
ART-naive patients is presented in Table 2.

%
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Among 354 ART-experienced patients, HIV-1 DR
to at least one antiretroviral drug was detected in 52.0%
of cases, most frequently to NNRTTIs (44.6%) and NR-
TIs (36.2%). HIV-1 DR to PIs was detected rarely, in
5.4% of patients.

Among the NNRTI class, HIV-1 DR was detect-
ed most frequently to NVP (40.4%), EFV (40.4%), and
RPV (32.8%) (Figure 3). Meanwhile, resistance was
predominantly high to 1st generation NNRTIs (EFV

6,4

OLow HIV-1 drug resistance

OlIntermediate HIV-1 drug resistance

® High HIV-1 drug resistance

Fig. 2. Prevalence and level of HIV-1 drug resistance among ART-naive patients.
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and NVP). Among the NRTIs, HIV-1 DR was most fre- Table 2. Prevalence of resistance mutations among
- o ART-naive patients
quently detected to ABC (35.3%), FTC (34.7%), and
3TC (34.7%), with predominantly high levels to the ARV class Mutations Mutation detection rate, n (%)
first 2 drugs. PIs to all drugs of the PI class did not

exceed 5% and were most frequently detected to NFV F44D 209
(4.0%). A62V 215 (39.4)
HIV-1 DR in ART-experienced patients was de- NRTI K65R* 1(0.2)
tected most often, in 27.1% of cases, to two drug clas- M184/* 1(0.2)
ses (NRTI + NNRTI), and to NNRTI class drugs alone V184V 2(0.4)
in 14.1% of cases. Multidrug resistance to 3 classes of '
drugs (PI + NRTI + NNRTI) was detected rarely, in AEE {02
3.1% of patients. K101E* 6 (1.1)
In an analysis of HIV-1 DR patterns in ART-ex- K103N* 25 (4.6)
perienced patients, resistance mutations were found in V106! 1002)
255 (72.0%) HIV-1-infected patients, including poly- '
morphic mutations. The most frequent mutations to V108 3(08)
NNRTIs were G190S (20.1%), K103N (12.7%), K101 E E138A 23 (4.2)
(10.2%), YI8IC (6.8%), EI384 (6.2%); to NRTIs, ~ NNRT! p— 5(0.9)
A62V (38.4%), M184V/I (26.8%), K65R (10.5%); and
to PIs, M461 (2.5%). Table 3 presents the list of identi- E138K 1(02)
fied resistance mutations among ART-experienced pa- V179D 3(06)
tients. V179E 7 (1.3)
HIV-1 molecular clusters vireT 3(06)
Molecular cluster analysis revealed that 243 out G190S” 8019
of 899 HIV-1 nucleotide sequences (27.1%) formed 91 M4l 3(0.6)
clusters. HIV-1 nucleotide sequences from ART-naive M46V 2(0.4)
patients were more frequently detected within clusters PI MA6L* 1(0.2)
(69.5% vs 57.3%; p = 0.0009). '
184V* 1(0.2)

The prevalence of HIV-1 DR within clusters was
20.2% (49/243) vs 42.7% (209/656) outside clusters  Note. *Mutations from the SDRM list.

%

45 -
40,4 40,4
40

34,7 34,7

35
30
25
20
15

10

OLow HIV-1 drug resistance
OIntermediate HIV-1 drug resistance
® High HIV-1 drug resistance

Fig. 3. Prevalence and level of HIV-1 drug resistance among ART-experienced patients.
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Table 3. Prevalence of resistance mutations* among
ART-experienced patients

ARV class Mutations* Mutation detection rate, n (%)
A62V 136 (38.4)
K65R 37 (10.5)
D67N 13 (3.7)
K70R 10 (2.8)
K70E 4(1.1)
L741 6 (1.7)
NRTI
L74V 13(3.7)
M184] 19 (5.4)
M184V 76 (21.5)
T215Y 4(1.1)
K219E 4(1.1)
K219Q 7 (2.0)
L1001 4(1.1)
K101E 36 (10.2)
K103N 45 (12.7)
V106! 8 (2.3)
V1081 7 (2.0)
E138A 22 (6.2)
E138G 8(2.3)
NNRTI
V179D 6 (1.7)
V179E 7 (2.0)
V179T 4(1.1)
Y181C 24 (6.8)
G190S 71 (20.1)
H221Y 5(1.4)
P225H 9 (2.5)
M461 9 (2.5)
Pl
150L 4(1.1)

Note. “Mutations with a prevalence of at least 1% are represented.

(» = 0.0005). However, there was no correlation of DR
HIV-1 nucleotide sequence clustering with ART expe-
rience or any other clinical and epidemiological charac-
teristics of patients.

Resistance mutations (excluding polymorphic
mutations for sub-subtype A6 — 462V, E1384) were
found in 54 HIV-1 nucleotide sequences in 33 clusters.

The clustering features of HIV-1 nucleotide se-
quences with mutations occurring with a frequen-

ORIGINAL RESEARCHES

cy of more than 1.0% in the study sample were ana-
lyzed (Table 4). The most common mutations in the
detected clusters were KI03N (6.2%), VI79E (4.1%),
G190S (4.9%), and M184V (4.9%). At the same time,
the V179E mutation was significantly more frequent in
the clusters, and in contrast, the M184V, KI0IE, and
G190S mutations were less frequent than among all the
patients studied.

Transmitted mutations, i.e., those that occurred
in at least 2 HIV-1 nucleotide sequences in a cluster,
were found in 9 clusters in 27 nucleotide sequences
(Figure 4). The profile of transmitted mutations was
limited and included mutations associated with DR to
NNRTIs (K103N, VI179E/T, G190S, Y181C), NRTIs
(M1841/V, K65R), and Pls (L33F).

Within clusters, the transmission efficiency of re-
sistance mutations was determined as the ratio of the
number of transmitted mutations in clusters to all mu-
tations in clusters. The highest transmission efficiency
(50% or higher) was found for K703N (10/15; 66.7%),
VI79E/T (11/12; 91.7%), YI181C (2/4; 50.0%) and
G190S (6/12; 50.0%) mutations.

Based on the date of HIV diagnosis, putative
sources of transmitted HIV-1 mutations were identified,
which in 6/9 clusters (66.7%) were patients with a his-
tory of taking antiretroviral drugs.

In all clusters, patients with an earlier date of di-
agnosis transmitted the full mutation profile, except for
one cluster in which only K703N was transmitted from
the M184V + KI103N profile.

Most clusters (7/9) with transmitted HIV-1 muta-
tions were small and inactive. Only K/03N (1 cluster)
and V179E (1 cluster) mutations were identified in large
active clusters.

Discussion

Against the background of a long history of tak-
ing antiretroviral drugs and an increasing number of
patients on ART, the prevalence of DR HIV variants in
Russia is increasing every year [ 18], which is the reason
for increasing the coverage of HIV-1 DR testing among
HIV-infected individuals. Thanks to the improvement
of sequencing technologies and the strengthening of
the national database of HIV resistance to antiretroviral
drugs [19], a significant amount of genetic and epide-
miological data is being accumulated, which, together
with the development of bioinformatic research me-
thods, makes it possible to use them for a more in-depth
study of the features of HIV-1 spread.

In this study, a pilot region of Russia was used as
an example to demonstrate for the first time in the coun-
try the potential of a new direction, genomic epidemio-
logical surveillance, in terms of the spread of resistant
HIV-1 variants. For the first time, a high coverage of
HIV-1 sequencing of PLHIV was obtained for one re-
gion of Russia, which amounted to 34.1% at the end of
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Table 4. Prevalence of HIV-1 DR mutations within clusters

ARV class Mutations Prevalence ?,ng% E.;51)" 0sAtJudy patients Prevak?,r;cze g/vélig;i’n%clusters o*

K65R 4.2 21 0.0604
D67N 1.4 0.4 0.2039

NRTI K70R 1.1 0 0.0701
M1841 2.2 21 1
M184V 8.7 4.9 0.0159
K101E 4.7 21 0.0211
K103N 7.8 6.2 0.3270
V1061 1.0 1.2 0.7091
V1081 1.1 1.2 0.7349
E138G 14 1.6 0.7568

NNRTI
V179D 1.0 1.6 0.2625
V179E 1.6 4.1 0.0006
Y181C 2.7 1.6 0.3515
G190S 8.8 4.9 0.0117
P225H 1.0 0 0.1233

Pl M461 1.3 0.4 0.1975

Note. *Statistically significant differences are highlighted in bold (p < 0.05).

2021'%. This makes it possible to obtain reliable results
of the study.

The assessment of HIV-1 genetic diversity in the
study region revealed 5 genetic variants (sub-subtype
A6, subtype B, CRF63 02A6, CRF02 AG, CRF03
A6B) characteristic of the Russian genetic landscape
[20], as well as subtype F atypical for the Russian ep-
idemic, probably resulting from an imported case of
HIV infection. The observed increase in the proportion
of CRF63 02A6 among patients diagnosed between
2015 and 2021 reflects the general trend in the country
[21, 22].

The analysis of HIV-1 DR revealed that HIV-1 re-
sistance to at least one antiretroviral drug was detected
in 13.6% of ART-naive patients, most often to NNRTIs
(11.4%): RPV (7.3%), NVP (6.4%) and EFV (6.1%),
which is in line with the data obtained for Russia as a
whole [21].

The prevalence of HIV-1 DR in the studied pa-
tients with ART experience was 52.0%, most frequently
to the same NNRTI class drugs (44.6%): NVP (40.4%),
EFV (40.4%) and RPV (32.8%), as well as to NNRTIs
(36.2%): ABC (35.3%), FTC (34.7%) and 3TC (34.7%).

16 Federal Scientific and Methodological Center for AIDS
Prevention and Control FBUN Central Research Institute of
Epidemiology of Rospotrebnadzor. Information Bulletin No. 46
“HIV-infection”. 2021. URL: http://www.hivrussia.info/wp-
content/uploads/2022/05/Byulleten-46-VICH-infektsiya-za-
2020-g.-.pdf. (date of access: July 8, 2024).

The described prevalence of HIV-1 DR in ART-experi-
enced patients in Russia varies considerably from 50%
[23] to 82.4% [24], reflecting the correct assignment of
genotyping test. In the present study, the relatively low

Y181ﬁ1905 Y181C.G19OS

M184IV, K101£/106I,G1905 "’”84%103“
M184V M1841AK103N
\179E
V179€ A
V1Z9E

V1Z9E

K1Q3N V1IOE VI79T,G190S
VKE VIZOE
V79T

M184K1OSN
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K65R,M184V,G190S
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L33F,£03N
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L33F, K103N
‘ K103N
KWN
Fig. 4. Clusters with transmitted resistance mutations.
The triangle indicates HIV-1 nucleotide sequences from ART-
experienced patients, and the circle indicates HIV-1 nucleotide
sequences from ART-naive patients. HIV-1 nucleotide sequences

from patients with the earliest date of diagnosis of HIV infection
in the cluster are marked in light grey.
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HIV-1 DR is associated with the fact that virologic fail-
ure of ART wasn’t observed in all patients.

It should be noted that high-level HIV-1 DR
among all patients, regardless of ART experience, were
most often established for NNRTIs (NVP, EFV) and
NRTIs (FTC and 3TC), which can be explained by their
widespread use and low genetic barrier to the develop-
ment of HIV-1 DR [25].

During the study period, the most commonly used
Ist-line ART regimen in the region included TDF, 3TC
and EFV. According to the results of the present study,
the primary resistance of HIV-1 to the used nucleoside
base did not exceed 1%, and resistance to EFV amount-
ed to 6.1%, which allows recommending replacement
of the third component of the regimen in accordance
with the national clinical guidelines for the treatment of
HIV infection'’.

The most frequent mutations (excluding polymor-
phic mutations for sub-subtype A6 - 462V and E1384)
among patients without ART experience were K/0/E,
KI103N, V179E and GI190S to NNRTIs, among pa-
tients with ART experience — KI10I1FE, KI103N, V179E,
YI81C, G190S to NNRTIs and M184V/I, K65R to NR-
TIs. HIV-1 DR and PI class drug resistance mutations
were rare among the study patients.

The prevalence of mutations significant for epide-
miological surveillance of transmitted HIV-1 DR in the
Orel region was 6.8%, which corresponds to the aver-
age level in Russia [18]. Multidrug resistance to three
classes of ARVs (PIs + NRTIs + NNRTIs) was detect-
ed only in ART-experienced patients in 3.1% of cases.
Thus, it can be concluded that the HIV-1 DR level in the
study region is moderate, and the HIV-1 DR patterns
identified correspond to the ART regimens used and are
typical for Russia.

Assessment of HIV-1 DR levels and patterns pro-
vides important information about which drugs are ef-
fective at the time of the study, but does not allow us
to determine the distribution of DR variants or predict
which drugs will be effective in the future. For a more
in-depth analysis, one of the tools of genomic epide-
miological surveillance, the method of molecular clus-
ter analysis, was applied to the spread of HIV-1 DR in
this study.

The analysis found that molecular clusters were
more likely to be formed by HIV-1 nucleotide sequenc-
es from ART-naive patients, indicating that they were
the main sources of HIV infection in the region and
suggesting that there was no high risk of transmission
of HIV-1 DR variants due to the relatively low preva-
lence of primary HIV-1 DR.

In addition, it was found that DR variants of the
virus from both ART-naive and ART-experienced pa-

17 Clinical Recommendations “HIV infection in adults” (approved
by the Ministry of Health of the Russian Federation). Moscow;
2020.
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tients were less likely to fall into molecular clusters,
which is likely due to the fact that most of them have
significantly reduced fitness [26].

Despite the fact that HIV transmission in the Orel
region was mainly from patients without ART experi-
ence, the sources of resistant HIV variants were pre-
sumably patients with ART experience. It is interest-
ing to note that foreign studies have described that the
source of HIV-1 DR variants was, on the contrary, pa-
tients without ART experience [27-29], which is prob-
ably due to higher ART efficacy rates in the countries.

An evaluation of transmitted mutations of HIV-
1 DR found that the profile is limited to 9 mutations:
KI103N, VI179E/T, Y181C, G190S to NNRTIs; K65R,
M1841/V to NRTIs; and L33F to Pls, thus predicting
which drugs will be ineffective in the future. Thus,
the most frequently transmitted mutation was K103N,
which is associated with the emergence of HIV-1 re-
sistance to NVP and EFV. The results of other studies
have also shown that this mutation is transmitted more
frequently than others [30, 31], which is due to the fact
that viruses with this mutation and wild-type viruses
have a similar fitness, as well as the fact that this muta-
tion can persist in the patient’s body for a long time [32,
33]. It is also important to note that the presence of this
mutation in patients starting treatment with the TDF +
3TC + EFV regimen is associated with increased risks
of virologic failure [34].

V179E/T mutations, which also occurred with high
frequency in clusters, are associated with decreased
response to NNRTI treatment (with the exception of
DOR), but generally do not result in the occurrence of
virologic failure [35]. However, in the presence of these
mutations, it is not recommended to prescribe a regi-
men containing EFV if the patient has a high viral load
at the start of treatment [36].

The next most common transmitted mutation in
the clusters, G1908S, is associated with a 200-fold and
130-fold reduction in HIV-1 susceptibility to NVP and
EFV, respectively, and is often found in sub-subtype A6
viruses due to its predisposition to have this mutation
[37]. It is noted that the fitness of virus containing this
mutation is reduced [38].

The Y 181C mutation reduces the susceptibility of
the virus to all NNRTTIs, especially NVP, and hardly im-
pairs the fitness of the virus [39].

Transmitted mutations to the M1841/V NNRTI
found in clusters are associated with high levels of
HIV-1 resistance to 3TC, FTC and low levels to ABC,
while increasing susceptibility to d4T, ZDV and TDF,
allowing 3TC and FTC to be retained in regimens when
they occur. Foreign studies have described that these
mutations are often transmitted from patients with vi-
rologic failure of ART [40], and also persist for a long
time in HIV reservoirs [41].

The K65R mutation is associated with decreased
susceptibility to all NRTIs except ZDV, to which, on
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the contrary, it increases viral sensitivity. M184) and
K65R mutations have been described to significantly
reduce virus fitness [42, 43].

The only mutation to Pls, L33F, which was found
in the clusters, is additional and only slightly affects the
susceptibility of the virus to antiretroviral drugs.

The presence of the mutations described above
in molecular clusters indicates their active transmis-
sion, but the greatest danger is posed by those muta-
tions that have a high efficiency of transmission within
these clusters. As a result of the efficiency assessment
it was found that such mutations are K/03N, VI179E/T,
YI181C, G190S, which cause resistance of the virus to
the 1st generation NNRTIs — EFV and NVP.

Thus, based on the data obtained, we can conclude
that there is no risk of increased transmission of HIV-1
DR in the Oryol region, as evidenced by the high de-
gree of clustering of ART-naive patients who have a
relatively low level of primary resistance, the low de-
gree of clustering of HIV DR variants, and the fact that
transmission of mutations was found mainly in small
and inactive clusters. The rapid and efficient transmis-
sion of mutations associated with virus resistance to 1st
generation NNRTIs established in this study allows us
to recommend limiting their use to prevent the spread
of DR variants of HIV-1 in the region and to improve
the efficacy of ART.

Conclusion

The results of molecular cluster analysis provide
information on the peculiarities of HIV-1 DR variants
distribution, in particular, on the dynamics of HIV-1
DR transmission, sources of resistant variants of the vi-
rus, efficiency of transmission of resistance mutations,
which allows us to recommend this method for use
within the framework of genomic epidemiological sur-
veillance of HIV infection in Russia to develop preven-
tion strategies to prevent transmission of DR variants of
the virus and to improve the effectiveness of treatment.
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