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Abstract

Introduction. The characteristics of the HIV epidemic in Cuba are comparable to those of the HIV epidemic in
Russia. Migration between Cuba and Russia can affect HIV-1 genetic diversity and drug resistance in Russia.
The vulnerable group of men with risk sexual behavior including men who have sex with men (MSM) and
commercial sex workers (CSW) deserves special attention. The aim of our study was the analysis of HIV-1
genetic variants and HIV-1 drug resistance in blood plasma samples obtained from MSM migrants from Cuba

living in Moscow.

Materials and methods. A collection of blood plasma samples, epidemiological and clinical information was
collected from MSM patients — migrants from Cuba, nucleotide sequences of the HIV-1 genome were obtained.

HIV-1 genotyping, cluster analysis and analysis of drug resistance (DR) were carried out.

Results. Samples and epidemiological data obtained in 2022—2024 from 27 patients were analyzed. 24/27 pa-
tients (including 12/15 suspected of infection in Moscow and all 10 — in Cuba) harbored HIV-1 variants typical for
Cuba, not Russia. This indicates that 88.89% of patients were infected by their fellow citizen. DR was detected
in 9 patients (33.33%; 95% CI 15.55-51.11). The most common resistance was DR to efavirenz (EFV) and

nevirapine (NVP), which was associated with K103N, Y181C and P225H mutations.

Conclusion. The migration factor should be taken into account in HIV-1 prevention and control of HIV-spreading
programs in Russia, and the genetic characteristics of HIV-1 in migrants should be taken into account in effective

therapy selecting.
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AHanuns reHeTNYECKNX BapUaHTOB N JIeKapCTBEHHOWN YCTONUYMNBOCTH
BUY-1 cpean My>X4unH € puCKOBaHHbIM CeKCyalNibHbIM NOBeAeHnem,
rpaxxaaH Ky6bl, npoxunsawwmx B Mockse B 2022-2024 ropax

JNlanoBok U.A.™, Kupuuenko A.A.", LLinbikoBa A.B.", Kupees A.E.’,
MNonosa A.A." 2 MNokpoBckana A.B."3
'LleHTpanbHbI HAYYHO-UCCIeAoBaTENbCKUN MHCTUTYT anugemuonorun PocnoTtpebHagsopa, Mocksa, Poccus;

2Poccuiickas MeaULMHCKan akagemusa HenpepbiBHOMO npodeccuoHanbHoro obpasosaHms, Mocksa, Poccus;
3PoCCUCKUIA yHUBEPCUTET ApY»KObl HapofoB MMeHu MaTpurca Jlymym6bl, MockBa, Poccusa

AHHOMauyusi

BeepgeHue. Snugemusa BUY-nHdpekumm Ha Kybe nveet cBom 0CobeHHOCTM NO CpaBHEHMUIO € anuaemuneri B Poc-
cumn. MurpaumoHHble notoku mexay Ky6ow n Poccrein cnocoGHbl okasaTh BNMsiHAE Ha reHeTu4eckoe pa3Hoobpa-
31e 1 NeKkapcTBeHHYo ycTonumBocTb BUY-1 B Poccun. OTaenbHOro BHUMaHWA 3acnyXnBaeT yasBumas rpynna
MY>XYMH C PUCKOBAHHbIM CEKCYyarbHbIM NOBEAEHUEM, B YHACTHOCTM — MYXUMHbI, MPAKTUKYIOLLME CEKC C MY>XYNHA-
Mu (MCM), n paboTHUKM KOMMEPYECKOTO CEKCa.

Lenblo Halero nccrnenoBaHus Obin aHanms3 reHeTudeckmx BapuaHtoB BMY-1 1 nekapcTBEHHON YCTONYMBOCTH
BWY-1 B o6pasuax nna3mbl KpOBM, MONYyYEHHbIX OT MurpaHToB — MCM c¢ Ky6bl, npoxusatowmux B Mockse.
Martepuanbl n Metoabl. buina cobpaHa konnekums obpasLoB Nnas3mbl KPOBW, COMYTCTBYHOLLASA SNMUMOEMMOSIO-
rmyeckasl u KnmHmdeckas nHgopmaums ot naumeHtoB — MCM ¢ Ky6bl, nonyyeHbl HyKneoTuaHble nocrnenosa-
TenbHOCTU reHoma BMY-1. Bbinu npoBeaeHbl reHOTUNMYECKUA, KNacTepHbIN aHanu3 1 aHanu3 nekapcTBEHHOM
yctondmsoctu (J1Y) BUY-1.

Pe3ynbTaTbl. Bbinm npoaHanManpoBaHbl 06pasLbl U anuaaaHHbIe, NoNyyYeHHble OT 27 naumeHToB B 20222024 rr.
Bbino BbisiBNEHO, 4TO 24/27 naumeHToB (BkNtoyasa 12/15, npegnonaraowmux dakt nHhuumposaHus B Mockse,
n 10, npegnonaratoLwmx nHduumpoBaHne Ha Ky6e), 6binmn nHduumposaHsl BapuaHtamu BUY-1, TunnyHeiMm ans
Ky0bl, a He gns Poccumn. 31o roBoput 06 nHgpunumposaHmmn 88,89% naumeHToOB UX corpaxaaHuHom. J1Y 6bina Bbl-
asneHa y 9 (33,33%; 95% AN 15,55-51,11) nauueHToB. Hanbonee yacto oTme4anacb yCTOMYMBOCTb K 3dhaBu-
PEeH3y 1 HEBUpPanUHY, 4To GbIno cea3aHo ¢ MyTaumamm K103N, Y181C n P225H reHa ob6paTHOM TpaHCKpMnTasbl.
3akntoueHune. PakTop MUrpaunmn OOMKEH YYNTLIBATLCA B MPOrpaMmax npounakTuki U NpoTUBOAENCTBUS pac-
npoctpaHeHuto BUY-nHdbekummn B Poccun, a reHetnyeckme ocobeHHoctn BY-1 Heobxoanmo npMHUMaTh BO BHU-
MaHue npu nogbope adpeKkTMBHOM Tepann y MUrpaHToB.

KnroueBble cnoBa: BUY-1, MCM, muepaHmei, supycHbili eapuaHm, CRF, BG-pekombuHaHmMbI, nekapcmeeHHast
ycmou4usocms, Kriacmep

Amu4yeckoe ymeepxdeHue. VlccnegosBaHve npoBoAwnoCbL Npu [0O6POBONBHOM MHGOPMUPOBAHHOM COrMacum
nauueHToB. [MpoTtokon mnccrnenoBaHus opobpeH Atudeckum komutetom LIHUWA Snupgemuonorum (npotokon Ne 142
ot 25.04.2024).

HNcmoyHuk ¢uHaHcupoeaHusi. ABTOpbI 3asBNAOT 06 OTCYTCTBUM BHELUHEro (PMHAHCMPOBAHMSA NpW NPOBEAEHUU
nccnegoBaHus.

KoHgpbnukm unmepecoe. ABTOpbI AeKNapypyoT OTCYTCTBUE SIBHLIX U NOTEHUMANbHbLIX KOH(IMKTOB MHTEPECOB, CBSI-
3aHHbIX C NyOnukaumnen HacTosiLLen cTaTb.
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Introduction

The relationships between Cuba and Russia have
been significantly strengthened in recent years. In re-
cent years, cooperation between the two countries has
been based on the Declaration on Principles of Rela-
tions between the Russian Federation and the Republic
of Cuba', the Memorandum on Principles of Strategic
Cooperation® and the Joint Statement of the Presidents
of the two countries®, adopted in 1996, 2009 and 2018,
respectively.

The close relationships between Russia and Cu-
ba lead to increased migration processes between
the countries. Since the spread of HIV infection is a
problem in both countries, there is always a risk that
HIV-1 variants circulating in the one country could
be brought into the other country. The spread of these
variants within certain vulnerable groups can then
lead to an increase in infections, which can affect the
genetic landscape of HIV infection and the drug resis-
tance (DR) profile of a country. One such vulnerable
group is men with high-risk sexual behaviors, partic-
ularly men who have sex with men (MSM) as well as
commercial sex workers (CSW). Sexual contacts with
citizens of other countries are typical for members of
this group, which can affect the genetic diversity of
HIV-1 and lead to the generation of new recombinant
forms of the virus.

Cuba has seen an increase in the number of HIV
infections in recent years. According to the United Na-
tions Joint Program on HIV/AIDS (UNAIDS), the total
number of people living with HIV-1 in Cuba has con-
tinued to increase in the last decade, rising from 3,100
in 2000 to 14,000 in 2011 [1] and by 44,000 in 2023*.
Meanwhile, in recent years, Cuba has shown success
diagnostic and treatment of HIV infection. A total of
33,000 (75%) people knew their HIV status in 2023.
Of these, 28,000 (84.84%) were on antiretroviral ther-
apy (ART). Finally, 24,000 (85.72%) patients on ART
had virological success. Thus, Cuba is well on its way to
meeting the WHO’s 90-90-90 HIV strategy and has the
prospect of reaching the main targets of the 95-95-95
strategy by 2030 [2].

Electronic fund of legal and normative-technical documents.
Declaration on the principles of relations between the Russian
Federation and the Republic of Cuba. 1996.

URL: https://docs.cntd.ru/document/1902532?section=text
Electronic fund of legal and normative-technical documents.
Memorandum on the principles of strategic cooperation between
the Russian Federation and the Republic of Cuba. 2009.

URL: https://docs.cntd.ru/document/9021616467?section=text
Official website of the President of the Russian Federation.
Joint statement of the President of the Russian Federation V.V.
Putin and the Chairman of the State Council and the Council of
Ministers of the Republic of Cuba M. Diaz-Canel Bermudez on
common approaches to international affairs. 2018.

URL: http://www.kremlin.ru/supplement/5354

4 UNAIDS Country Fact Sheet. Cuba, 2023. URL: https://www.
unaids.org/en/regionscountries/countries/cuba

The genetic diversity of HIV-1 in Cuba is very
different from that of the Caribbean. While virus of
subtype B is dominated in most countries of the region
(which was associated with more than 90% of infec-
tions in the early 2000s) a large number of other HIV-1
genetic variants are actively circulating in Cuba, in-
cluding recombinant forms that are spreading only on
the island [3]. Thus, while back in the mid-1990s the
dominant virus variant in Cuba was subtype B [4],
a 2002 study showed that only 48% of patients were
infected with this genetic variant [5]. In 2017, the pro-
portion of subtype B in samples from patients over
18 years of age collected during the 1* half of 2017 was
only 26.9%, and infection with various recombinant
forms accounted for 59.5% of HIV infections [6].

With regard to subtype B prevalent in Cuba, it
should be mentioned that this variant is genetically si-
milar to the virus prevalent in the United States and
most Western European countries, but differs from vi-
ruses prevalent in other Caribbean countries [1, 7, 8].
Some researchers attribute this to the repeated unrelat-
ed importations of subtype B from the United States,
Canada and the European continent in the late 1970s
[7]. Others suggest that it arrived in Cuba in the early
1990s from the United States, when, against the back-
ground of the economic crisis caused by the collapse of
the USSR, the tourist business in Cuba began to devel-
op and migration flows shifted to the United States [1].

In addition to subtype B, a recombinant form
CRF19 cpx, whose genome is represented by frag-
ments of the HIV-1 genome of subtypes D, Al, and
G, is circulating in Cuba [3, 9]. CRF19 _cpx was first
described in Cuba in 1999. [10]. A detailed analysis re-
vealed that CRF19 cpx is a recombinant of two viral
variants: AG recombinant from Cameroon, later de-
scribed as CRF37_cpx recombinant, and a subtype D
virus from Gabon [9-11]. CRF19 cpx appears to have
emerged in the Cuban community in the Democratic
Republic of Congo (DRC) in 1966—1970, from where
it entered the province of Villa Clara, Cuba in the late
1970s, i.e., before the spread of HIV-1 into Western
European countries (in the late 1970s). Then there was
its spreading in Havana and other provinces of Cuba
[8, 10, 12]. By 2017, this genetic variant accounted
for 24.1% of new HIV infections among patients over
18 years of age [6].

Also another recombinant CRF18 cpx with a
complex, mosaic genome structure is widely distribu-
ted in Cuba. Apparently, it is also of African origin and
could have come from either the DRC or the Central
African Republic or the Republic of Cameroon or the
Republic of Angola [1, 12, 13]. The genome structure of
CRF18_cpx is more mosaic than that of CRF19_cpx and
is represented by regions identical to viruses of subtypes
A, F, G, H, K and U. In describing this genetic variant,
40 genetically related virus samples were identified,
including CRF04_cpx and CRF13_cpx viruses [13].
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The period from the mid-1980s to the mid-1990s
was marked in Cuba by the appearance of other recombi-
nant forms, including BG recombinants, among HIV-in-
fected people [1]. The BG recombinants circulating in
Cuba have Cuban origin [3], having resulted from the
recombination of HIV-1 variants of subtypes B and G
that had previously circulated on the island [1]. All Cu-
ban BG recombinants (CRF20, CRF23, CRF24) have
a common origin from subtype G from Central Afica,
circulating among heterosexuals, and subtype B (close to
the one prevalent in the USA), circulating among MSM
in Havana in the early 2000s. It is logical that BG recom-
binants were initially detected among MSM in Havana,
and by 2003 were responsible for more than 30% of
HIV infections in the Cuban capital [1, 8, 12].

This fact clearly illustrates the role of recombina-
tion as one of the drivers of HIV-1 genetic variabili-
ty and makes Cuba one of the HIV-1 recombination
hotspots along with Myanmar, South China, East Af-
rica, Argentina and Brazil [8]. Moreover, recombinants
generated in Cuba subsequently began to spread around
the world. Thus, Cuban CRF20_BG is found in Spain
and Greece [1].

Except for the recombinant forms mentioned
above, other HIV-1 variants circulate in Cuba: at least
2 subtype C lineages from East and South Africa [1].
HIV-1 subtype G, the progenitor of BG recombinants,
is likely has the Central African origin [1]. In addition,
active circulation of HIV-1 subtype H has been noted in
the province of Santiago de Cuba [12, 14]. Finally, some
cases of HIV infection caused by CRF05 DF, which
was previously reported in Belgium, DRC, Spain, and
Costa Rica, have been identified [14].

The role of the vulnerable MSM group in the HIV
epidemic in Cuba is crucial. While in 2002 just over
81% of HIV-infected men were MSM [5], in the first
half of 2017 this index reached to 94.31% [6]. This vul-
nerable group is currently the dominant group in Cuba.
The invasion of HIV-1 subtype B into the MSM group
at the end of the twentieth century led to the active
spreading and domination of this variant in Cuba [7].
The same factor became the basis for the increase in
genetic diversity in Cuba: already in the early 2000s,
Cuban BG-recombinant forms of HIV-1 began to
spread among MSM [1, 8, 12].

Full-scale ART implementation began in Cuba in
2001 through the use of primarily generic nucleoside
reverse transcriptase inhibitors (NRTIs) and non-nu-
cleoside reverse transcriptase inhibitors (NNRTIs) [6],
achieving virologic success in 83% of patients in 2017
and nearly 86% in 2023. [6]. However, the use of ART
has also led to an increase in DR in the country. In 2017,
the prevalence of DR in ART-naive patients to at least
one drug was 29.8%, which is higher than this index in
2007-2011 (12.5%) and 2009-2012 (20.2%) [6].

In 2017, the primary DR to NRTIs was 10.6%
and to NNRTIs was more than 23%. The prevalence of

ORIGINAL RESEARCHES

high-level DR to NNRTIs was associated with the fre-
quency of K103N, G190A, and Y181C mutations [6].
Moreover, DR was significantly more frequently de-
tected in people 1825 years old compared to groups
of older people.

There are significant differences between the ge-
netic diversity of HIV-1 in Cuba and Russia. In Russia,
since the late 1990s, HIV-1 sub-subtype A6 spread-
ing in Russia and the former Soviet Union through
injecting drug users has been dominant [15, 16]. The
second most common HIV-1 variant is recombinant
CRF63 02A1, which in recent years has been actively
spreading in Central Asian countries and the Siberian
region of Russia [15, 17].

In Russia, circulation of two variants of HIV-1
subtype B has been detected: Bwest, characteristic of
Western Europe and Cuba, and Bfsu (IDU-B), which
circulation was noted in the Russian Far East and which,
together with sub-subtype A6, became the progenitor of
CRF03_AB [15, 16, 18, 19]. The circulating of HIV-1
subtype C, CRF03 AB, and subtype G have also been
observed in Russia [15].

In recent years, unique and rare AG-recombinant
forms, probably imported from Central Asian countries,
have been frequently detected in Russia [15].

The problem of HIV infection among MSM in
Russia also has its own peculiarities, primarily due to
the insufficient study of this vulnerable group. MSM
were the main vulnerable group until the mid-1990s
But after HIV-1 invasion in community of injecting
drug users, these people became the main vulnera-
ble group, and the contribution of MSM to the HIV
epidemic in Russia became vanishingly low [15, 16,
18, 20]. This can be largely explained by the stigma-
tization of MSM and the lack of work on monitoring
this group in Russia [18, 20]. Meanwhile, there are
estimates of the probable prevalence of HIV-1 among
MSM in different regions of the country — 5-25%,
and UNAIDS in 2016 indicated the value of this index
in Russia at 6% [18].

In recent years, the share of MSM among new
HIV infections in Russia has been gradually increas-
ing. Thus, by the end of 2020, only 2.8% of HIV cases
in the country were associated with MSM. By the end
of 2021, this figure increased to 3%, and by the end of
2023 —to 4.1%°.

Bwest has historically dominated among Rus-
sian MSM, but in the recent past there has been a
trend towards an increase in the proportion of HIV-
1 sub-subtype A6 in this vulnerable group [15, 18],
which suggests that the boundaries of this vulnerable
group are blurring. In addition, the circulation in Rus-
sian MSM of BG recombinants genetically similar to
viruses circulating in Spain and Portugal, but not to

5 Federal Scientific and Methodological Center for the Prevention
and Control of AIDS. URL: http://www.hivrussia.info
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CRF20/23/24 viruses prevalent in Cuba, has been de-
tected among Russian MSM [21].

Regarding the problem of HIV-1 DR in Russia,
the most frequently detected resistance mutations were
KI103N/S, G190A/S in the same positions as for the Cu-
ban samples. Meanwhile, instead of Y181C, the KI10IE
substitution causing resistance to all NNRTIs is more
often detected in Russian samples [22].

Taking into account the above-mentioned features
of HIV infection in Cuba and Russia, as well as the role
of MSM in the HIV epidemic in both countries, the aim
of our study was to analyze HIV-1 genetic variants and
viral drug resistance in blood plasma samples obtained
from MSM migrants from Cuba living in Moscow, one
of the most economically developed centers of Russia,
where historically there is an extensive community of
MSM and migrants.

Materials and methods

The collection of 27 blood plasma samples ob-
tained from MSM Cuban citizens in period since March
2022 till June 2024 was studied. At the same time, cli-
nical and epidemiologic data were collected and pro-
cessed: age, dates of the last negative and first positive
HIV test, information on the likely place and time of
infection, number of sexual partners, experience with
ART, as well as the stage of HIV infection. Patients
were recruited for inclusion in the study in collabora-
tion with non-profit organizations: Steps Foundation®
and LaSky Center’.

HIV-1 RNA concentration (viral load, VL) and
CD4-lymphocyte count were determined in blood plas-
ma samples.

The nucleotide sequences of the pol region (posi-
tions 2253-3353 of the reference strain HXB-2, Gen-
Bank number K03455) encoding HIV-1 protease and
reverse transcriptase fragment in the studied samples
were obtained. Sequencing was performed using the
AmpliSens HIV-Resist-Seq reagent kit (Central Re-
search Institute of Epidemiology) and an Applied Bio-
systems genetic analyzer (Life Technologies).

A sequence analysis was performed, including
preliminary determination of the genetic variant using
the HIVBIlast online application®, phylogenetic analy-
sis in the MEGA 6.0 program [23], and cluster analysis
of nucleotide sequences using the ClusterPicker 1.2.3
program (genetic distance threshold of 4.5% with boot-
strap support of more than 90%)°.

Foundation for the Prevention of Socially Significant Diseases
“Steps”. URL: http://stepsfund.ru
Low-threshold center for the prevention of HIV infection and
support for people living with HIV in Moscow and the Moscow
region. URL: https://lasky.ru
8 Los Alamos National Laboratory. HIV BLAST.
URL: https://www.hiv.lanl.gov/content/sequence/BASIC
BLAST/basic_blast.html
® Leigh Brown HIV Research Group. Picking and Describing HIV

For phylogenetic and cluster analyses, the ob-
tained sample was supplemented with nucleotide se-
quences of Cuban patients (n = 430) from the inter-
national HIV-1 database of the Los Alamos Institute
(USA)'9, described in publications devoted to the anal-
ysis of HIV-1 samples isolated in Cuba in 2007-2017
[3, 6, 10]. For the phylogenetic analysis of genomes ge-
netically close to HIV-1 variants circulating in Russia,
we used a collection of reference sequences used earlier
in the analysis of HIV-1 variants circulating in Eastern
Europe and Central Asia in 2010-2019 [15].

HIV-1 DR was analyzed using the web service
HIVdb of the Stanford University database'' with the
determination of both resistance mutations and DR
level based on the Stanford Penalty Score calculation
[22, 24].

The nucleotide sequences obtained in this study
were uploaded to the Russian database of HIV resis-
tance to antiretroviral drugs, RuHIV (https://ruhiv.ru/)

under accession numbers RHD10698, RHD10712,
RHD10720, RHDI10721, RHDI10725, RHDI10727,
RHD10733-RHD10736, RHDI10739, RHDI16068,
RHDI16123, RHDI16132, RHD17497, RHDI17505,
RHD17513, RHDI17514, RHD20769, RHD20773,

RHD20782, RHD20783,
RHD20806, RHD20813.

RHD20796-RHD20798,

Results

The mean VL level was 5.33 (95% CI 5.19-5.44)
log copies/mL and the mean CD4-lymphocyte count
was 405 (95% CI 296.34-513.34) cells/uL. For 23
(85.19%) patients, stage 2a HIV infection was deter-
mined. Another 4 patients were at stage 3a. No signif-
icant associations were found between HIV infection
stage and VL value or CD4-lymphocyte count.

We analyzed the genetic variants of HIV-1 in the
samples based on a search for maximally genetically
similar reference sequences from the GenBank database
using the HIVBlast online application. The results of
the analysis are presented in the Table. 21/27 (77.78%)
samples were genetically close to HIV-1 reference se-
quences from Cuba. At the same time, 12 (57.14%) of
the 21 patients infected with these HIV-1 variants sug-
gested that their infection occurred in Moscow and not
in Cuba.

Two patients were infected with HIV-1 subtype
C, typical of Botswana. Another 2 patients had HIV-1
subtype B, which is close to the viruses isolated in Ger-
many: patient M151, infected with HIV-1 subtype B,
presumed to have been infected in Cuba, and patient
M80 — in Moscow.

Clusters in Phylogenetic Trees.
URL: https://hiv.bio.ed.ac.uk/software.html
10 Los Alamos National Laboratory. HIV databases.
URL.: https://www.hiv.lanl.gov
11 Stanford HIV Drug Resistance Database.
URL: https://hivdb.stanford.edu
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Results of preliminary genotyping of HIV-1 nucleotide sequences in the HIVBIlast online application

Presumed place

Reference sequence in HIVBlast

Sample

of infection GenBank number genetic variant country genetic similarity, %
M52 Moscow MZ004274 CRF19_cpx Cuba 98
M67 Moscow MZ004382 CRF19_cpx Cuba 95
M75 Moscow MK817409 CRF20_BG Cuba 98
M76 Moscow MK817388 CRF20_BG Cuba 96
M80 Moscow MH471360 Subtype B Germany 96
M82 Moscow MH667011 Subtype B Russia 98
M88 Moscow DQ113271 CRF19_cpx Cuba 95
M89 Moscow MZ004339 CRF19_cpx Cuba 96
M90 Unknown DQ113301 Subtype B Cuba 96
M91 Moscow JQ585469 Subtype B Cuba 97
M94 Moscow DQ113060 CRF19_cpx Cuba 96
M96 Moscow OL792340 Sub-subtype A6 Russia 97
M151 Cuba KJ770458 Subtype B Germany 96
M160 Moscow MZ004178 CRF19_cpx Cuba 97
M169 Moscow MK817435 CRF18_cpx Cuba 96
M177 Moscow AY900579 CRF24_BG Cuba 97
M185 Cuba KR860993 Subtype C Botswana 95
M186 Cuba KR860993 Subtype C Botswana 94
M195 Moscow JN000054 CRF20_BG Cuba 97
M199 Cuba JNO00009 Subtype B Cuba 97
M208 Cuba MK817498 CRF18_cpx Cuba 96
M209 Cuba MK817361 Subtype B Cuba 97
M222 Cuba JN000021 CRF24_BG Cuba 96
M223 Cuba MK817465 CRF18_cpx Cuba 96
M224 Unknown DQ020274 CRF20_BG Cuba 90
M232 Cuba MK817454 CRF18_cpx Cuba 98
M240 Cuba DQ113256 Subtype B Cuba 96

Only 2 patients yielded HIV-1 samples typical for
Russia: one patient was infected with a sub-subtype A6
virus and another with a virus genetically similar to sub-
type B references from the Czech Republic and Russia,
and the Russian A6 and B reference viruses were isolat-
ed from male patients with homosexual and heterosexual
transmission of HIV-1 in 2019 and 2015, respectively.

The preliminary genotyping results obtained
were mostly confirmed by phylogenetic analysis with
HIV-1 reference nucleotide sequences isolated from Cu-
ban patients between 2007 and 2017 (Fig. 1). The same
set of reference sequences and genomes under study
(n=457) were subjected to cluster analysis.

We identified 3 clusters formed by the samples
studied:

1) a cluster formed by 2 HIV-1 subtype C sam-
ples from epidemiologically related patients M185 and
M186;

2) a cluster formed by a sample from patient M222
and reference MK817363;

3) cluster formed by sample M160 and reference
sequences MZ004165 and MZ004178.

Patient M222 was CSW practicing sex under
chemical drugs. He was diagnosed with HIV infection
in 2013, and his presumed site of infection in the same
2013 was Cuba. Therefore, the formation of a cluster
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Fig. 1. Results of phylogenetic and cluster analysis
of the pol gene fragment (positions 2253—-3353) nucleotide
sequences of the studied HIV-1 samples’ collection (n = 27)
and the comparison group (n = 430) of Cuban HIV-1
samples.

Phylogenetic analysis was performed by the maximum likelihood
method using the GTR+G+l model of nucleotide substitutions
in 500 independent constructions. Cluster analysis was performed
with a genetic distance threshold of 4.5% and bootstrap support of
more than 90%. Sequences of the studied collection that formed
clusters are indicated by asterisks, those that did not are marked
with black circles.

between M222 and MK817363,a CRF20_BG virus iso-
lated in Cuba in 2017, is not unexpected. Interestingly,
this sample was initially identified in the HIVBIast pro-
gram as CRF24 BG (Table), since CRF20 and CRF24
are very close in terms of the genetic fragment studied.
Cluster analysis corrected these data by assigning the
investigated sample to CRF20.

At the same time, patient M160, whose sample
shared a common cluster with CRF19 cpx samples
MZ004165 and MZ004178 isolated in Havana in 2013
from a male and a female, respectively, was also a CSW
and a transgender person. The patient was diagnosed
with HIV infection in June 2023, and the estimated site
and date of infection was Moscow, January 2022,

Samples from patients M82 and M96, geneti-
cally similar to Russian subtype B and sub-subtype
A6 viruses, respectively, were subjected to addition-
al phylogenetic analysis with reference sequences of
HIV-1 genetic variants circulating in Russia (Fig. 2).
Sample M96, in 82% of possible constructs, formed a

common branch with the sub-subtype A6 AF413987
and AY500393 reference sequences. Sample M82, in
turn, with 78% reliability formed a common branch
with the Russian reference Bwest AY819715 and the
main world reference of the same lineage HXB-2
K03455.

No DR to protease inhibitors was detected in any
HIV-1 sample (Fig. 3). DR to at least one reverse tran-
scriptase inhibitor was detected in 9 (33.33%; 95% CI
15.55-51.11) samples, and 3 (11.11%; 95% CI1 0-22.97)
samples (one CRF19 cpx and two CRF20 BG) were
resistant to both NRTIs and NNRTIs. Typical Russian
viruses from the above-mentioned samples from pa-
tients M&82 and M96 did not contain DR, as well as sub-
type C viruses from patients M185 and M 186 and HIV-1
subtype B from patient M80. The most frequently we
detected DR (predominantly high level) to the NNRTIs
efavirenz and nevirapine (in 29.63% of samples;
95% CI 12.41-46.85), associated with KI03N, Y181C
and P225H mutations (Fig. 3). Resistance to rilpivir-
ine was also associated with the presence of YI81C,
KI101E and E138A4 mutations. Finally, high-level DR to
the NNRTIs emtricitabine and lamivudine in the virus
from 2 (7.41%; 95% CI 0—17.29) samples was associat-
ed with the presence of the M184V mutation.

Six of 9 patients infected with DR HIV-1 had no
experience with therapy and 3 had past experience.
Patient M222 with experience of taking efavirenz +
tenofovir disoproxil + lamivudine had a virus with high
level DR to efavirenz (and cross-DR to nevirapine) and
lamivudine due to a combination of MI184V, K103N
and P225H mutations. Patient M208, with a history of
taking Truvada 2 years prior to the study, had HIV-1
with only the K703N mutation causing high-level DR
to efavirenz and nevirapine. The same substitution was
detected in patient sample M223.

Discussion

The results of HIV-1 genetic analysis indicate
that the absolute majority of 21 patients (77.78%) were
infected with the virus variant typical of the patient’s
country of origin — Cuba. For 12 of the 15 patients
who indicated Moscow as the probable place of infec-
tion, there was either infection from a Cuban citizen or
a common sexual partner; or an incorrect assessment of
the place of probable infection had a place. The 2 cases
of infection with a typical Botswana subtype C virus
most likely occurred in Cuba, as the patients assumed,
bacause African variants of HIV-1 were detected in
Cuba in 2013 [1]. The same is real for patient M151,
who was found to have HIV infection with a subtype
B virus genetically similar to the virus circulating in
Germany, reflecting the link between the HIV epidemic
in Cuba and Western Europe [1, 7].

Two samples, M222 (CRF20_BG) and M160
(CRF19_cpx), formed two active (expanding) clusters
that also included samples isolated from Cubans in a
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Fig. 2. Results of phylogenetic analysis
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of the pol gene fragment (positions 2253-3353) nucleotide sequences of HIV-1

samples from patients M82 and M96, presumably belonging to genetic variants circulating in Russia.

Phylogenetic analysis was performed using the

maximum likelihood method with the HKY+G model of nucleotide substitutions and bootstrap

support of 500. Sequences of M82 and M96 are indicated by black circles. Sub-branches formed by viruses of sub-subtype A6 and genetic

variants Bwest and Bfsu are highlighted by frames.

different time period (a difference of 4 and 10 years,
respectively). This suggests continued circulation and
further spread of these viral genetic lineages world-
wide.

Thus, a total of 24 (88.88%) of the Cuban nation-
als MSM we studied living in Moscow were probably
infected either in their home country or from a fellow
citizen. Only 3 patients could have been infected in
Russia:

* M82 and M96 patients infected with HIV-1

typical for the territory of Russia;

* patient M80 infected with a subtype B virus
genetically close to the strain circulating
in Germany. Meanwhile, the circulation of
Western European variants of HIV-1 is typical
for the vulnerable MSM group in Russia [18,
20, 21].

Our data on the incidence of DR have low statisti-
cal reliability due to the small size of sample collection
(n = 27), which does not allow reliable comparison of
our results with published data on HIV-1 DR in Cu-
ba. However, we detected DR in 9 virus samples, 3 of
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Fig. 3. Results of the analysis of occurrence frequency for drug resistance (a) and drug resistance mutations to HIV-1
inhibitors of the NRTI and NNRTI classes (b).

ABC — abacavir; AZT — zidovudine; d4T — stavudine; ddl — didanosine; FTC — emtricitabine; 3TC — lamivudine;
TDF — tenofovir disoproxil; DOR — doravirine; EFV — efavirenz; ETR — etravirine; NVP — nevirapine; RPV — rilpivirine.
The analysis was carried out using the HIVdb online application, the degree of resistance was determined based on the calculation
of the Stanford Penalty Score.

which were obtained from patients with previous ther-
apy experience. The most frequently detected high-lev-
el DR to efavirenz and nevirapine is a trend in recent
years in Russia and low- and middle-income countries
[22, 24]. The presence of HIV-1 with DR in 6 (25%;
95% CI 8.67-41.33) of 24 patients, who probably re-
ceived HIV-1 from Cuban citizens, is a consequence of
the problem of DR spread in Cuba [6]. Moreover, the
use of effective therapeutic regimens may be the key to

virologic success even in the face of HIV-1 resistance
to efavirenz and nevirapine.

Conclusion

Our results suggest a contribution of migration
from Cuba to HIV-1 genetic diversity among MSM in
Moscow in recent years and its impact on the spread
of HIV-1 DR in this vulnerable group. However, reli-
able data on the extent of such influence can only be
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obtained by studying a wider collection of MSM group
patients. The HIV-1 DR profile in the studied collec-
tion was close to published data on DR in Cuba as a
whole. Thus, the migration factor should be taken into

ORIGINAL RESEARCHES

account in programs aimong to prevent and counteract
the spread of HIV infection in Russia, and effective
treatment of patients with HIV-1 DR variants requires
the selection of an effective therapy regimen.
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