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ABSTRACT

Aim: The aim of the study was to describe the prevalence of HIV-1 subtypes and HIV-1 strains resistant to antiretroviral therapy
(ART) in HIV-positive persons newly diagnosed in Slovakia in 2019-2021.

Materials and Methods: The study group consisted of 184 HIV-positive naive patients newly diagnosed in Slovakia from 2019 to
2021.The viral HIV-1 RNA was isolated from plasma by the QlAamp Viral RNA Mini Kit (QIAGEN, Germany). For RT-PCR and sequenc-
ing of the HIV pol region, in-house procedures were used according to the ANRS AC11 protocol for RT (reverse transcriptase), PRO
(protease), and IN (integrase) [ANRS AC11 Resistance Study Group, 2015]. Analysis of sequences was performed using Sequencing
Analysis Software v5.3 (Applied Biosystems®). HIV sequences were manually edited using BioEdit (version 7.2.5), compared with
consensus HIV-1 sequences in the Los Alamos Sequence Database (URL 2), aligned using CLUSTAL W [Labarga et al., 2007] and
BioEdit software packages (version 7.2 .5) [Hall, 1999]. HIVDB Algorithm (version 9.0) of the Stanford HIV Drug resistance database
(URL 1.) was used for sequence evaluation. For HIV-1 subtype analysis, the REGA HIV-1 Subtyping Tool [De Oliviera et al., 2005] and
phylogenetic analysis MEGA X [Kumar et al., 2018] were used.

Results: Phylogenetic analyses performed in samples of 184 persons revealed the most prevalent subtype B (129/184,70.11%), de-
tected to the greatest extent in the population of men who have sex with men (MSM) (96/129 74.42%). Concerning non-B subtypes
(55/184, 29.89%), subtype A was found with the highest prevalence (48/184, 26.09%) compared to subtype F (F1) (3; 1.63%), C (1;
0.54%) and circulating recombinant forms CRF02_AG (2; 1.09%), CRFO1_AE (1; 0.54%). In 9.24% (17/184) of samples, 25 mutations
clinically relevant and associated with HIV resistance ART were detected, of which 7.07% (13/184) to reverse transcriptase inhibi-
tors, 1.66% (3/181) to protease inhibitors and 1.32% (2/151) to integrase inhibitors. In addition, multiclass resistance was present in
1.63% (3/184) of patients. Mutations associated with HIV resistance to ART were found in 9.30 % of persons infected with subtype B.
Conclusion: Our study confirmed ongoing highest prevalence of subtype B with a slightly decreasing trend compared to last
years. Detection of mutations causing HIV resistance to ART underlines the need for resistance testing in naive patients even before
the initiation of ART in Slovakia.
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SUHRN
Kovarova A., Valkovic¢ova Stanekova D., Habekova M., Takacova M.: Distribucia HIV-1 subtypov
a rezistencie na ART u HIV-infikovanych os6b na Slovensku (2019-2021)

Ciel' Cielom studie bolo popisat vyskyt HIV-1 subtypov a HIV-1 kmenov rezistentnych na antiretrovirusovu lie¢bu (ART) u HIV po-
zitivnych oséb novo diagnostikovanych na Slovensku v rokoch 2019-2021.

Material a metédy: Studijnu skupinu tvorilo 184 HIV pozitivnych naivnych pacientov novo diagnostikovanych na Slovensku v ro-
koch 2019-2021. Virusova HIV-1 RNA bola izolovana z plazmy pomocou QlAamp Viral RNA Mini Kit (QIAGEN, Nemecko). Pre RT-PCR
a sekvenovanie oblasti HIV pol sme poufZili interné postupy podla protokolu ANRS AC11 pre RT (reverznd transkriptaza), PRO (pro-
tedza) a IN (integraza) (ANRS AC11 Resistance Study Group, 2015). Analyzu sekvencii sme uskuto¢nili pomocou softvéru Sequen-
cing Analysis Software v5.3 (Applied Biosystems®). HIV sekvencie boli manudlne upravené pomocou BioEdit (verzia 7.2.5), porov-
nané s konsenzualnymi HIV-1 sekvenciami v Los Alamos Sequence Database (URL 2), zarovnané pomocou CLUSTAL W (Labarga et
al., 2007) a softvérovych balikov BioEdit (verzia 7.2 .5) (Hall, 1999). Na vyhodnotenie sekvencie sme pouzili algoritmus HIVDB (verzia
9.0) Stanfordskej databazy HIV liekovej rezistencie (URL 1.). Na analyzu HIV-1 subtypov sme pouzili nastroj REGA HIV-1 Subtyping
Tool (De Oliviera et al., 2005) a fylogeneticku analyzu sme vypracovali pomocou programu MEGA X (Kumar et al., 2018).
Vysledky: Fylogeneticki analyzu sme vykonali zo vzoriek 184 0s6b, kde sme odhalili najrozsirenejsi subtyp B (129/184, 70,11 %)
prevladajuci v populdcii u muzov, ktori maja sex s muzmi (MSM) (96/129 74,42 %). Co sa tyka non-B subtypov (55/184, 29,89 %),
najrozsirenejsi bol subtyp A (48/184, 26,09 %) v porovnani so subtypom F (F1) (3; 1,63 %), C (1; 0,54 %) a cirkulujucimi rekombinant-
nymi formami CRFO2_AG (2; 1,09 %), CRFO1_AE (1; 0,54 %). U 9,24 % (17/184) vzoriek sme zistili pritomnost 25 mutécii asociova-
nych s HIV rezistenciou na ART, z toho 7,07 % (13/184) na inhibitory reverznej transkriptazy, 1,66 % (3/181) na inhibitory protedzy
a 1,32 % (2/151) na inhibitory integrdzy. Okrem toho u 1,63 % (3/184) pacientov bola pritomna viactriedna rezistencia. Mutécie
asociované s rezistenciou HIV na ART sa nasli u 9,30 % oséb infikovanych podtypom B.
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Zaver: Nasa studia potvrdila pretrvavajuci najvyssi vyskyt subtypu B s mierne klesajucou tendenciou v porovnani s minulymi rok-
mi. Detekcia mutacii vytvarajucich rezistenciu HIV na ART podciarkuje potrebu testovania rezistencie u naivnych pacientov este

pred zacatim ART na Slovensku.

KLUCOVE SLOVA
HIV - subtyp B — MSM - non-B subtypy - rezistencia
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INTRODUCTION

Human immunodeficiency virus (HIV) continues to
be a major global public health issue, having claimed
40.1 million lives so far [WHO, 2022]. 84.2 million peo-
ple have become infected with HIV since the start of
the epidemic [UNAIDS, 2022]. An estimated 38.4 mil-
lion people were living with HIV at the end of 2021,
two-thirds of whom (25.6 million) are in the WHO Af-
rican Region [WHO, 2022]. In 2021, 1.5 million people
became newly infected with HIV, and 650 000 people
died from AIDS-related illnesses [UNAIDS, 2022]. There
is no cure for HIV infection. However, with increasing
access to effective HIV prevention, diagnosis, treat-
ment, and care, including for opportunistic infections,
HIV infection has become a manageable chronic health
condition, enabling people living with HIV to lead long
and healthy lives [WHO, 2022].

HIV type 1 (HIV-1) shows high genetic diversity be-
tween and within human hosts [Cuevas et al., 2015;
Abram et al., 2010]. While within-host viral diversity is
initially limited by the transmission bottleneck, HIV ge-
nomes quickly diversify as a result of a high viral repli-
cation rate and high error rates during replication [Lee
etal,, 2008]. Such high genetic diversity allows the virus
to avoid the host’s immune response and can lead to
the development of drug resistance during treatment
[Cuevas et al.,, 2015]. HIV-1 consists of four major phy-
logenetic groups: M (major), N (new), O (outlier), and
P, representing independent cross-species transition
from SIV in chimpanzees and gorillas to HIV in humans
[Sharp and Hahn, 2011]1. HIV-1 group M is responsible
for the current pandemic and comprises genetically
distinct subtypes (A, B, C, D, F, G, H, J, K, and, more re-
cently, L), 101 circulating recombinant forms (CRFs) to
date, and numerous unique recombinant forms (URFs)
[Hemelaar et al., 2019; Yamaguchi et al., 2019]. HIV-1
subtypes are unequally distributed globally, which has
been explained by different founder effects followed
by local spread driven by socioeconomic and behavio-
ral factors and circulation within and between specific
risk groups [Hemelaar, 2012; Murillo et al., 2013; Jun-
queira and de Matos Almeida, 2016]. Subtype C is the
most abundant strain worldwide and is prevalent in
South and Eastern Africa and Southeast Asia [Hemelaar
et al., 2019]. Subtype B is predominant in North Ameri-

ca, Western Europe, and Australia, while subtype A pre-
dominates in Eastern Europe and Central Asia, includ-
ing Russia [Hemelaar et al, 2019; Magiorkinis et al.,
2016]. CRFs and URFs are widely distributed in central
Africa and in countries where different subtypes co-cir-
culate [Hemelaar et al., 2019; Alaeus, 2000; Konstanti-
nos et al., 2015]. The wide variety of subtypes, which
are distributed mainly in different populations, may be
used for molecular epidemiological analysis to track,
and understand the dynamics and patterns of HIV-1
transmission and for developing strategic prevention
programs [Paraskevis et al., 2016].

Subtype B was determined as the most prevalent
genetic form in Slovakia [Habekova et al., 2010; Chaba-
dové et al., 2014; Cere$ et al,, 2018; Habekova et al,,
2023]. Slovak Republic belongs for a long time to EU
states with the lowest annual incidence of HIV infec-
tion. In the last decade, we have observed an upward
trend in the occurrence of new cases and the number
of people living with HIV infection is also increasing.
The majority of HIV infections (70.00%) in the Slovak
Republic were recorded in the group of men who have
sex with men (MSM). Overall, 20.00 % of infections
were acquired through unprotected heterosexual in-
tercourse (HTS), 1.20% through injecting drug use,
0.05% through blood transfusion (one man who got
infected abroad in 1986), and 8.75% the route of trans-
mission is still unknown. The highest HIV cumulative in-
cidence has been for a long time recorded in the capi-
tal of Slovakia, Bratislava. More than 90.00% of people
diagnosed with HIV infection in the Slovak Republic are
on antiretroviral therapy (ART). More than 90.00% of
people on ART are in viral suppression, so they should
not be able to transmit to other people thanks to con-
tinuous treatment [Public Health Authority of the Slo-
vak Repubilic, 2022].

This study aimed to describe the prevalence of HIV-1
subtypes and HIV strains resistant to ART in HIV-posi-
tive persons newly diagnosed in 2019-2021 in Slovakia
in relationship to socio-demographical factors.

MATERIALS AND METHODS

In our study, 184 HIV-positive patients (naive to ART)
newly diagnosed in Slovakia between 2019 and 2021
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were included. In addition, personal data of patients re-
garding the route of transmission and country of origin
were routinely obtained for epidemiological purposes
during post-test counseling.

Isolation of viral HIV-1 RNA was performed from plas-
ma samples using The QlAamp Viral RNA Mini Kit (QIA-
GEN, Germany). The nested reverse transcriptase poly-
merase chain reaction (RT-PCR) and sequencing of HIV
pol region were carried out with the use of in-house
procedures according to ANRS AC11 protocol for re-
verse transcriptase (RT), protease (PRO) and integrase
(IN) [ANRS AC11 Resistance Study Group, 2015].

Sequence analysis of RT, PRO, and IN was performed
using Sequencing Analysis Software v5.3 (Applied Bio-
systems®). The HIV sequences were edited manually
in the BioEdit program (version 7.2.5). We compared
the HIV-1 pol sequences with the consensus HIV-1
sequences available in the Los Alamos Sequence Da-
tabase (URL 4), aligned using CLUSTAL W software
[Labarga et al., 2007] and BioEdit software packages
(version 7.2.5) [Hall, 1999]. RT sequences included co-
dons 14-248, PRO sequences 1-99 and IN sequences
1-280. To evaluate the sequences and determine the
degree of resistance, the HIVDB Algorithm (version
9.0) was used, where based on the database (Stanford
HIV Drug Resistance Database, URL 1.) determined the
degree of resistance and the occurrence of major and
minor mutations. For phylogenetic analysis of HIV-1
subtypes, edited HIV-1 pol sequences were analysed
using the REGA HIV-1 Subtyping Tool program [De
Oliveira et al., 2005]. The evolutionary history was in-
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ferred using the Neighbor-Joining method [Saitou and
Nei, 1987]. The percentage of replicate trees in which
associated taxa clustered in a bootstrap test (100
replicates) are shown next to branches [Felsenstein,
1985]. Evolutionary distances were calculated using
Kimura's 2-parameter method [Kimura, 1980] and are
in units of the number of base substitutions per site.
Variation in velocity between sites was modelled us-
ing a gamma distribution (shape parameter = 1). This
analysis included 60 nucleotide sequences. Codon po-
sitions 1st + 2nd + 3rd + non-coding, all were inclu-
ded. All ambiguous positions were removed for each
sequence pair (pairwise deletion option). There was
a total of 499 positions in the final data set. Phyloge-
netic analyses were performed in MEGA X [Kumar et
al., 2018]. In addition, the distribution of HIV-1 and CRF
subtypes in the relationship to socio-demographical
indicators was investigated.

RESULTS AND DISCUSSION

Study group
Gender and Demography

Out of 184 HIV-1 positive persons 169 (91.85%) were
men and 15 (8.15 %) were women (Table 1). The mean
age of the patients was 38 (20-75) years, for men 38
(20-72) years, and for women 43 (23-75) years. Both,
the youngest (20 years old men), as well as the oldest
(75 years old men) individuals in the study group, were
Slovaks.

Table 1. Distribution of HIV-1 subtypes by gender, country, and route of transmission in 2019 - 2021

Subtype B Non-B subtypes Total
No. (%) No. (%) No. (%)

Male 124 (96.12)
Female 5(3.88)
Total 129

45 (81.82) 169 (91.85)
10 (18.18) 15 (8.15)
55 184

Slovakia 124 (96.12)
Other country 5(3.88)
Total 129

41 (74.55) 165 (89.67)
14 (25.45) 19(10.33)
55 184

MSM Male 96 (74.42)
HTS Male 19 (14.73)
HTS Female 5(3.87)
Unknown Male 9 (6.98)
Unknown Female 0 (0.00)
Total 129

29 (52.73) 125 (67.93)
11 (20.0) 30(16.30)
9(16.36) 14 (7.61)
5(9.09) 14 (7.61)
1(1.82) 1(0.55)
55 184

MSM - men having sex with men, HTS - heterosexual contact, No. - number of people
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Out of 184 participants, there were 165 (89.67%) Slo-
vaks and 19 foreigners (10.33%): from them 14 (7.61%)
Ukrainians, 2 (1.09%) Polish, 1 (0.54%) Czech and 2
(1.09%) persons of unknown nationality. Out of 169
men, 158 (85.87%) were Slovaks and 11 (5.98%) were
foreigners while out of 15 women, 7 (3.80%) were Slo-
vaks and 8 (4.35%) were Ukrainians.

Routes of HIV transmission

Most of the patients were infected by sexual con-
tact between men (125: 67.93%), followed by patients
infected by unprotected heterosexual contact (44:
23.91%) and by unknown routes of transmission (15:
8.15%). Similar results were obtained in Slovakia in
2004-2008 and 2009-2012 when more than half of
HIV-1 infected patients were MSM. Similarly, the Czech
Republic, reported long-term highest incidence of
newly diagnosed HIV infections among MSM (79.00%)
[Mravcik et al.,, 2017]. Proportion of men vs. of women
remains also like the years 2004-2012 among newly di-
agnosed HIV cases in Slovakia [Chabadova et al.,, 2014;
Habekova et al., 2010]. However, as the number of fo-
reigners (Ukrainian emigrants) increased during 2019-
2021, the ratio among HIV-infected women decreased
[Public Health Authority of the Slovak Republic, 2022].

HIV-1 B subtype

The findings of this study, which describe the distri-
bution of HIV-1 subtypes by gender, country, and route
of transmission, as well as the epidemiological data of
people infected with HIV-1 non-B viruses diagnosed
between 2019 and 2021, are summarized in Tables 1
and 2.

Analysis of HIV-1 strains showed that 129 (70.11%)
of all 184 patients, 124 Slovaks, and 5 foreigners were
infected with HIV-1 subtype B viruses (see Table 1).
Subtype HIV-1 B was discovered to be the most pre-
valent genetic form in Slovakia during our study as well
as in previous years, but with a slight downward trend
compared to previous years. The highest incidence
of subtype B in Slovakia was observed in 2004-2008
(93.0%), and the lowest was in our observed period
(2019-2021, 70.11%). Between those years, the occur-
rence of subtype B in Slovakia was as follows: in 2009-
2012 (86.11%), 2015-2016 (80.30%), and in 2017-2018
(82.30%) [Habekova et al. 2010; Chabadova et al.,, 2014;
Ceres et al.,, 2018; Habekova et al., 2023] which is also
confirmed by the SPREAD program. SPREAD program
analysed a set of samples in newly diagnosed HIV-posi-
tive persons in Western, Central, and Eastern Europe
and sub-Saharan Africa from 2002-2010, with sub-
type B being the dominant subtype in these countries
(6310/9588, 65.80%) [Hofstra et al., 2016]. This program
continued also in the years 2011-2013, including the
states of Central, Mediterranean, Northern, and Western
Europe, and subtype B prevailed in this period as well
[Hofstra etal., 2019]. In Central European countries such

as Poland, subtype B remains the most common vari-
ant to date, shared by 85.90% of the study population,
and is still prevalent among MSMin 2015-2019 [Serwin
et al., 2021]. This observation is consistent with a previ-
ous report from Poland from 2008-2014, where 86.90%
of recorded infections developed from the HIV-1 B
lineage [Parczewski et al, 2016]. In 2014-2019 the
predominant HIV-1 subtype in Croatians was subtype
B (91.30%) [Oroz et al., 2019]. On the contrary, in the
study from Greece HIV-1 sequences were found with-
in subtype B only in 50.44% and subtype A1 in up to
49.56% of persons [Kostaki et al., 2022]. In a study from
Belgium in 2013-2019 less than half of the patients
(47.50%) were infected with the subtype B virus [Mort-
ier et al., 2022]. It appears, a decline in subtype B has
been observed in Europe, which may be due to the
economic migration and refugee crisis and the increas-
ing circulation of non-B subtypes among the native Eu-
ropean population [Beloukas et al., 2016; Neogi et al.,
2014; Hauser et al., 2018].

In our study, regarding the data on the route of
transmission being infected with a subtype B virus was
much more common among MSM than patients in
other transmission groups (96/129; 74.42%) — see Table
1. Similar results were observed in Slovakia in studies
from 2004-2008 (66.40%) and 2009-2012 (74.20%)
[Habekova et al., 2010; Chabadova et al., 2014]. Other
studies also revealed that infection with HIV-1 subtype
B is most common in Poland through MSM comparable
to the HIV epidemic in the Netherlands [Serwin et al.,
2022; Wymant et al., 2022]. A study from Slovenia also
confirmed that the HIV-1 epidemic is predominantly
affecting MSM infected with subtype B [Lunar et al.,
2015]. In Bulgaria 1988-2018 the higher incidence of
subtype B was found in MSM (56.70%) compared to
heterosexuals (38.60%) [Alexiev et al., 2020]. Mustafa et
al. performed phylogenetic and phylodynamic analysis
using 21 007 publicly available B sequences from Eu-
rope and Asia and found MSM to be the primary high-
risk group responsible for subtype B transmission, too
[Mustafa et al., 2023].

HIV-1 non-B subtypes

Phylogenetic analysis revealed 55 of 184 HIV-1 non-B
subtypes (29.89 %) in 41 Slovaks and 14 foreigners
(Figure 1). Subtype A (48; 26.09 %) dominated in Slova-
kia, while other subtypes and circulating recombinant
forms (CRF) were identified as follow: F (F1) (3; 1.63%),
C (1; 0.54%), CRF02_AG (2; 1.09%) and CRFO1_AE (1;
0.54%) (Table 2). It is obvious that the prevalence of
non-B subtypes increased almost twice in Slovakia as
compared to the period of 2004-2008, 2009-2012,
2015-2016, and 2017-2018 [Habekova et al., 2010;
Chabadova et al., 2014; Ceres et al., 2018; Habekova
et al.,, 2023]. We originally assumed that the majority
of subtypes A would be transmitted to Slovakia by fo-
reigners originating from Eastern Europe (Ukraine), but
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up to 71.43% of infected persons were Slovaks (35) and
28.57% were foreigners (13 Ukrainians, 1 unknown).
The introduction of subtype A into Slovakia is proba-
bly related to the immigration of the population from
Eastern Europe, where this variant is most prevalent, as
confirmed by the study by Maarten et al., 2022. On the
contrary, in southern European countries such as Italy
or Spain are non-B subtypes F1 and CRF02_AG domi-
nating [Delgado et al,, 2019; Lorenzin et al., 2019], while

<
o) )
% %
[e]
% B
2 ¢ 3
2 % o
€ % 2
- o
%o, Gy R Az
S B L B3
0%y by B B
&, 8 8, Y47 3
7 ” @ >
77 ‘6 < -
o o ¢
%
Cq, Ry, T AP
W‘S‘S/VS {;”?) %
CQVSENS Rr &
So
Ag
656 1¢ 645 4 "
CONSENSUS A1 S
BaruMich Ic 1180 R4 — 10 %
82
661 \c 762 A35 nm }\fgs %o
ap RAMM T o
65[) \02 2
a0t
U‘\AB m \5;
G ®
.3-2,\ @’\0/ 5
6\5" © 0 & N o
A S S o
\)’\?’ '\rb‘b o
© 2 &
USR-S
‘94\0 ’\q;b @‘5\ (S\
6\)\ \Cv'\ A & ~ 2 o
FON o o) J
& S
o’ & & S & .
A <& S -
& & X T ® T E
© £ .g} L o <
& & § 5 8
g @ ©
w
0
2
m

E
=
<
44
g
@
L
3
-
2
m
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in Slovakia these non-B subtypes were found in 3 Slo-
vaks, from them, in 1 infected by CRF02_AG in Greece.
However, a study from southwestern Greece confirmed
the highest incidence of non-B subtype A (51.30%) and
lower CRF02_AG (2.70%) [Davanos et al., 2015]. Similar-
ly, Croatia did not record a high incidence of non-B sub-
types in 2014-2017 (A1: 4.20%; C: 1.70%; CRF02_AG:
1.20%; CRFO1_AE: 0.50% and CRF06_CPX: 0.20%) [Oroz

etal, 2019].

KaeP 16194 R

BU107 lc 164 - TRIM B03.ab1

Figure 1. RT region-based phylogenetic tree of HIV-1 non-B subtype isolates
The phylogenetic tree was constructed using the Neighbor-Joining method. Evolutionary distances were calculated using the

Kimura 2-parameter method in MEGA X. Consensus sequences A, F, C, CRFO1_AE, and CRF02_AG were included.
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Table 2. Epidemiological data of patients infected with HIV-1 non-B viruses in 2019-2021

A (A1) C F (F1)
IR IS S No. (%) No. (%) No. (%)

CRFO1_AE
No. (%)

CRF02_AG
No. (%)

39(81.25)

9(18.75)

1

25 (52.08)
0 (0.00)
10 (20.83)
8(16.66)

4(8.33)
1(2.10)

1

34(70.83)
13 (27.08)
1(2.09)

1

1(100.00)

0(0.00)

0 (0.00)
0(0.00)
1(100.0)
0(0.00)
0(0.00)

0(0.00)

1(100.00)
0 (0.00)

0 (0.00)

24 (70.58) 1(100.00)
7 (20.58) 0(0.00)
3(8.84) 0(0.00)
34 1

2 (66.67) 1(100.00) 2(100.00)
1(33.33) 0(0.00) 0(0.00)
3 1 2

1(33.33) 1(100.00) 2(100.00)

0(0.00) 0(0.00) 0(0.00)

0(0.00) 0 (0.00) 0(0.00)

1(33.33) 0(0.00) 0(0.00)

1(33.34) 0(0.00) 0(0.00)

0(0.00) 0(0.00) 0 (0.00)
3 1 2

3(100.00) 1(100.00) 2(100.00)
0(0.00) 0(0.00) 0(0.00)
0(0.00) 0(0.00) 0(0.00)

3 1 2

2 (66.66) 1(0.00) 1 (50.00)

1(33.34) 0 (0.00) 1 (50.00)

0 (0.00) 0 (0.00) 0 (0.00)
3 1 2

MSM - men having sex with men, HTS - heterosexual contact, No. - Number of people.

In our study, 29 (52.73%) MSM were associated
with non-B infections, followed by heterosexuals (20,
36.36 %), and cases of the unknown route of transmis-
sion (6, 10.91%) - see Table 2. It appears that in Slovakia
male-to-male sexual contact surpassed heterosexual
contact as the most common route of HIV transmission

Spread of resistant strains of the HIV virus

In our study, 25 mutations were associated with ART
resistance in 17 of 184 (9.24%) HIV-infected individuals.
In addition, mutations associated with HIV resistance
to non-nucleoside/non-nucleotide inhibitors of reverse
transcriptase (NNRTIs), nucleoside/nucleotide inhibi-
tors of reverse transcriptase (NRTIs) and NRTIs/NNRTIs
were found in 13 (7.07%), 2 (1.09%) and 2 (1.09%) out of
184 patients, respectively. Moreover, mutations associ-
ated with resistance to protease inhibitors (Pls) were
present in 3 of 181 (1.66%) persons and to integrase
inhibitors (INSTIs) in 2 of 151 (1.32%) persons (Table 3).
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Table 3. Occurrence of HIV-1 resistance to ART in HIV-positive patients newly diagnosed in the Slovak Republic in 2019-2021

Patients S/R No. (%)
S 166 (99.40)
R 1(0.60)
total 167
S 16 (94.12)
Foreigners R 1(5.88)
total 17
S 182 (98.91)
R 2 (1.09)
total 184

No. (%)
157 (94.01)

10 (5.99)

14 (82.35)

3(17.65)

171 (92.93)
13 (7.07)

184

No. (%) No. (%)
164 (98.20) 136 (98.55)
3(1.80) 2(1.45)
167 138
14 (100.00) 13 (100.00)
0 (0.00) 0(0.00)
14 13
178 (98.34) 149 (98.68)
3(1.66) 2(1.32)
181 151

S - sensitive, R - resistant, NRTI - nucleoside/nucleotide inhibitor of reverse transcriptase, NNRTI - non-nucleoside/non-nucleotide inhibitor of
reverse transcriptase, Pl - protease inhibitor, INSTI - integrase inhibitor, No. - Number of patients

Multiclass resistance was observed in 3 (1.63%; 2
Slovaks and 1 foreigner) patients. Mutations associat-
ed with NRTIs were as follow: M41l, D67N, T69D, K70R,
M184V, T215F, K219Q and T215S, with NNRTIs A98G,
K101E, K103N, V108I, V108VI, E138A, V179VD, Y181Y-
CFS, F227L, with Pls: M46l, M4V6L, 184 and with INSTIs:
L74M, S230SGR, D232DN, R263K. The incidence of mu-
tations associated with resistance to ART in HIV-infect-
ed naive patients was firstly described in Slovakia in
2015-2016 [Ceres et al., 2018]. The higher prevalence
of mutations associated with NNRTIs in Western Eu-
rope was confirmed by a study by Mortier et al., 2022.
They found that many resistance mutations impacted
the sensitivity for NNRTIs (11.40%), followed by NRTIs
(6.20%), Pls (2.40%), and INSTIs (0.56%) respectively.
Multiclass resistance was observed in 2.40% (88/3708)
of persons in Belgium in 2013-2019 [Mortier et al.,
2022]. Pingarilho et al. found the highest level of NN-
RTIs resistance (9.70%) in patients captured in Portugal
in 2014-2019 [Pingarilho et al., 2022]. Klundert et al. se-
quenced the RT and PRO genes from 812 HIV-1 positive
persons (from Ukraine: 191 patients, 2019-2020; Geor-
gia: 201 patients, 2013-2017 and Russia: 420 patients,
2019-2020) for ART initiation and confirmed the high-
est the prevalence of mutations against NNRTIs (106,
12.68%) [Klundert et al., 2022].

Mutations A98G and E138A associated with NNR-
TIs represented the largest proportion of all detected
mutations in our study. A98G mutation occurred in 4
of 184 (2.17%; all Slovaks) patients. A98G is a relative-
ly non-polymorphic accessory NNRTI-resistance mu-
tation. It occurs in 0.10-0.50% of untreated persons
depending on subtype. It has been selected primarily
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in persons receiving Nevirapine (NVP) and Efavirenz
(EFV). It reduces NVP, EFV, Rilpivirine (RPV) and Dora-
virine (DOR) susceptibility about 2-fold [Melikian et al.,
2014; Vingerhoets et al., 2010; Westen et al., 2013; As-
ante-Appiah et al., 2021; Rhee et al., 2022]. The E138A
mutation was present in 4 of 184 patients (2.17%; 3
Slovaks and 1 foreigner). E138A is a polymorphic muta-
tion that ranges in prevalence from about 2.00-5.00%
in ART-naive persons depending on subtype. It reduc-
es Etravirine (ETR) and RPV susceptibility about 2-fold
[Azijn et al., 2010; Melikian et al., 2014; Lai et al., 2014;
Tambuyzer et al,, 2011, Rizzardini et al., 2020]. Another
mutation K101E causing resistance to NNRTIs was ob-
served in 2 of 184 individuals (1.09%; all Slovaks). This
mutation was also detected in 3.7% of patients in Croa-
tiain 2014-2017 [Oroz et al., 2019]. K101E is a non-poly-
morphic mutation and usually occurs in combination
with other NNRTI-resistance mutations. Alone it con-
fers 3-10-fold reduced susceptibility to NVP and about
2-fold reduced EFV, ETR, and RPV susceptibility [Azijn et
al., 2010; Rimsky et al., 2012; Melikian et al., 2014; Feng
etal,, 2015; Lai et al.,, 2014].

In our study, the T215F/S mutation was detected in
2 of 184 persons (1.09%) from them 0.60% (1/167) was
Slovak. This mutation causes resistance to the drug
Zidovudine (AZT) (URL 2). Matuzzi et al. reported the
occurrence of the T215D/S mutation in 1.50% (10/668)
of Italians [Matuzzi et al., 2020] like as in Croatia (T215S:
7.40%; T215D: 1.70 %) in 2014-2017 [Oroz et al., 2019].

M461/L was the most commonly detected mutation
among Pls (2/181; 1,10%) it was found in 1.20% of
Slovaks (2/167). M46IL mutation is non-polymorphic
creating resistance to Atazanavir (ATV) and Lopinavir
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(LPV) (URL 3). The study by Klundert et al. also con-
firmed this mutation as the most common (0.86%)
in patients from Eastern Europe and Russia in 2013-
2020 [Klundert et al., 2022]. In Portugal, and Italy this
mutation was described in 0.60% and 0.40% of pa-
tients, respectively [Pingarilho et al., 2022; Matuzzi et
al., 2020].

Mutation R263K causing resistance to INSTIs was
found in 2 of 151 (1.32%) of which 1.45% (2/138)
patients were Slovaks. No mutations to any INSTIs
were found in patients in Ukraine. Similarly, muta-
tions against Pl were not confirmed in a study of pa-
tients from Ukraine [Klundert et al.,, 2022]. R263K is
a non-polymorphic mutation and decreases sensitivity
to DTG, Bictegravir (BIC), and Cabotegravir (CAB) ap-
proximately 2-fold [Tsiang et al., 2016; Rhee et al., 2019;
Rhee et al., 2022].

In HIV-1B and HIV-1A infected patients, mutations
associated with HIV resistance to ART were present in

12 of 129 (9.30%) and 5 of 48 (10.42%) persons, respec-
tively. The predominant route of transmission of all re-
sistant strains was MSM (12/17; 70.59%) - Table 4.

CONCLUSION

The findings of our study confirmed the long-term
highest incidence of subtype B in HIV-1 positive pa-
tients newly diagnosed in Slovakia in 2019 - 2021, with
a slightly decreasing trend compared to last year. Sexu-
al contact between men remained the main risk factor
of HIV-1 infection associated mostly with HIV-1 B sub-
type infection. Despite increased migration in Europe
in recent years, no new subtypes have been detected
in Slovakia. Evidence of mutations causing resistance
to ART in naive patients highlights the significance of
continuing ART resistance testing in newly diagnosed
patients before initiating adequate treatment.

Table 4. Prevalence of most frequently detected mutations in newly diagnosed antiretroviral-naive HIV-infected patients in Slova-

kia in 2019-2021

transmlssmn

1. Slovak S A98G, V179VD

2. Slovak S E138A

3. Slovak S V108l

4. Slovak S A98G, K101E
M41l, D67N, T69D, K70R,

ok M184V, T215F, K219Q K103N

6. Slovak S A98G, K101E

7. Slovak S S

8. Slovak S S

9. Slovak S E138A

10. Slovak S A98G

11. Slovak S Y181YCFS

12. Slovak S E138A

13. Slovak S S

14. Slovak S S

1. foreigner

(Poland) T2155 F227L

2. foreigner

i) S V108VI

3. foreigner

(Ukraine) . Sk

s | | s

S
S S A(A1) HTS
S S B HTS
S R263K, L74M B MSM
S S B MSM
S S B unknown
R263K, S230SGR,
. D232DN E b
184V S B MSM
S S B MSM
S B MSM
S S B MSM
S S A(A1) MSM
M46l, L89V S B MSM
M46L S A(A1) MSM
S S B MSM
S S A(A1) HTS
S S A(A1) HTS

S - sensitive, R - resistant, NRTI - nucleoside/nucleotide inhibitor of reverse transcriptase, NNRTI - non-nucleoside/non-nucleotide inhibitor of re-
verse transcriptase, Pl — protease inhibitor, INSTI - integrase inhibitor, MSM - men having sex with men, HTS - heterosexual contact, No. - Number

of patients.
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