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N. Qyaap, acn., B. Moniwyk, A-p 6ion. Hayk, npod., |. ByasaHiBcbka, A-p 6ion. Hayk, npod.
KuiBcbkuit HauioHanbHUM yHiBepcuTteT imeHi Tapaca LleBuyeHka, KuiB, YkpaiHa,

lF'yna Banka, kaHA. 6ion. Hayk, ATTuna Llarona, kaHa. 6ion. Hayk
YHiBepcuTeT BeTepuHapHoi meauuuHu, Byaanewr, YropwuHa

NOBHONEHOMHUN CUKBEHC YKPAIHCBKOIO I130114TY LUMPKOBIPYCY CBUHEW 2-I0 TUNY

CeuHsyull yupkoesipyc 2 (PCV2) acoyitoembcs 3 pi3HuMu cuHOpoMmamu i xeopobamu ceuHel, siki eidomi nid 3a2anbHOK Ha380H CBUHAYUX YU-
pKogipyc-acouyiliogsaHux 3axeoptoeaHb (PCVAD), siki eknmoyaromb CUHOPOM MysnbmucucmemHo20 posnady (PMWS) PCV2-acoyitiogaHi nHe8MoHii
(PRDC), PCV2, acouitiosaHuli 3 eHmepumom, PCV2, acoyilioeaHuli 3 penpodyKmueHor (hyHKU€EI, a MaKoX CeUHsIYi depmamum i cuUHOpPoM Hedp-
ponamii (PDNS) (1-3). PCV2-in¢hekyisi wupoko nowupeHa i no cymi eci ceuHi cmada 3apaxeHi PCV2. CeuHsiyuli yupkosipyc 2 (PCV2), yneH pody
Circovirus poduHu Circoviridae. Mae on- HK eipycy npu6nusvo 1,7 k6 (4). FeHom PCV2 kodye mpu OoCHOBHUX 8iGKpUMUX PaMOK 34umyeaHHsl
(ORF,), siki kodyromb pennika3y (ORF1), sipycHuli 6inok kancuda (ORF2), i 6inok, i3 3anponoHogaHoto anonmuyHoto akmusHicmio (ORF3) (5). Mo-
nepedHi 0aHi noka3anu, wo icHye n'ams 2eHomunie PCV2, e momy yucni PCV2a, PCV2b, PCV2c, PCV2d i PCV2e (6-9). B Hawili po6omi mu npoeenu
ceKeeHyeaHHs1 T0BHO20 2eHOMY 2eHOMa yKpaiHcbKo2ux i3onsimie PCV23 pi3Hux pezioHie YkpaiHu.

Knrouoei cnoea: ceuHsivuli yupkoeipyc 2, ceuHsivuli yupkoegipyc-acouiliogsaHux 3axeoproeaHb, MysibmucucmeMHuli po3nad.

N. Qyaap, acn., B. Monuwyk, A-p 6uon. Hayk, npod., U. ByasaHuBckas, A-p 6uon. Hayk, npod.
KueBckuit HauMoHanbHbIW YHMBepcuTeT UMeHn Tapaca LlleByeHko, KueB, YkpaunHa,

l'yna Banka, kaHa. 6uon. Hayk, ATtuna Llarona, kaHa. 6uon. Hayk

YHuBepcuTeT BeTepuHapHoi meavumHm, Byaanewr, BeHrpusa

MONMHONEHOMHbIU CUKBEHC YKPAUHCKOIO U3ONATA LULMPKOBUPYCA CBUHEW 2-I'0 TUMA

CeuHoli yupkoeupyc 2 (PCV2) accoyuupyemcsi ¢ pa3iu4HbIMU CUHOpoMamu u 6one3HsIMuU ceuHeli KOmMopble U3eecmHbl M00 o6WUM Ha3eaHu-
eM C8UHbIX UYUpKosupyc-accoyuuposaHHbix 3abonesaHuli (PCVAD), komopbie 8k/to4alom CUHOPOM MYyJ/bmucucmeMHbix HapyweHul (PMWS)
PCV2-accoyuupoeaHHol nHeeMoHuu, PCV2, accoyuupoeaHHbIli ¢ 3Hmepumom, PCV2, accoyuupoeaHHbix ¢ penpodykmueHol ¢yHKyuel, a makxe
ceuHble depmamum u cuHOpom Hegpponamuu (PDNS) (1-3). PCV2-uHghekyusi wupoko pacrnpocmpaHeHa u rno cyujecmey ece ceuHbu cmada 3apa-
)xeHbl PCV2. CeuHoli yupkosupyc 2 (PCV2), unen poda Circovirus cemelicmea Circoviridae F'eHoM — oyeHb ManieHbkasi oy- [JHK eupyca npumepHo
1,7 k6 (4). FeHom PCV2 koOupyem mpu OCHO8HbIX OMKPbIMbIX paMok cyumsieaHusi (ORF,), kodupyrowue pennukasyu (ORF1), eupycHsbliii 6enok
kancuda (ORF2), u 6enok, ¢ npednoxeHHol anonmomu4eckol akmueHocmbto (ORF 3) (5). Mpedbidywue OaHHbIe Moka3anu, Ymo cywecmeyem
nsmb 2eHomunoe PCV2, 8 mom yucne PCV2a, PCV2b, PCV2c, PCV2d u PCV2e (6-9). 3decb Mbi coobwjaem nosiHyto nociedoeamesibHocmb 2eHOMa
YKpauHckux u3osiimoe PCV2u3 pa3Hbix pe2uoHo8 YKpauHbl.

Knroyeenie cnoea: ceuHoli yupkosupyc 2, ceUHOU YupKO8UPYC-accoyuupo8aHHbIx 3aboneeaHull, CUHOPOM MyJSIbMUCUCMEMHbIX HapyweHul.
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PREVALENCE OF DRUG RESISTANT HIV STRAINS
IN HIV-INFECTED PATIENTS OF REPRODUCTIVE AGE

The prevalence of drug resistant HIV strains among HIV-positive reproductive aged persons with ineffective antiretroviral
therapy (ART) was assessed. The prevalence of drug resistant strains of HIV was 73.8% in the group of women and 89.29% in the
group of men (totally in 80.0% of patients). In the spectrum of drug resistance mutations (DRMs) the most prevalent mutation
associated with high-level resistance to nucleoside reverse transcriptase inhibitors was substitution M184V (80.36%); in addition,
the high prevalence of K65R (26.79%) was indicated. The most common mutations causing a high-level resistance to non-
nucleoside reverse transcriptase inhibitors were G190S/A (57.14%), Y181C (37.50%), K101E (33.93%). The DRMs to protease in-
hibitors were indicated with significantly less frequent (5.36%).

Key words: HIV, drug resistant mutations, antiretroviral therapy.

Introduction. Antibiotic and antiretroviral resistance has environment. Uncontrolled, inappropriate and overabundant

become a major clinical and public health problem nowa-
days. The selection of resistant forms of pathogens is based
on natural processes of microbes adaptation to conditions of

using of antimicrobial, antiviral and antifungal drugs, ab-
sence of strong clinical protocols of there using, extensive
applying of them in agriculture and animal husbandry, the

© Babii N., 2016
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strong pressure of civilization as a whole lead to the activa-
tion of pathogens genetic variability, the emergence of new
pathogens and fast evolution of existing ones.

The development of resistance HIV to antiretroviral
drugs (ARVs) is the main cause of antiretroviral therapy
(ART) virological inefficiency. Biological properties of HIV —
fast reproduction of new viral particles, high level of genetic
variability connected to features of the reverse transcrip-
tion, archiving of all variants of HIV genoms as proviral
DNAs, high probability of genetic recombination — are the
factors, which determine fast evolution of viral population
and replacement of wild viruses on resistant strains under
selective pressure of suboptimal concentrations of ARVs.

Consequences of HIV resistance development are the
growing of risk of drug resistant HIV strains spreading, the
appearing of the necessity of switch to more expensive
second- and third-line regimens, the loss of ART and
prophylaxis effectiveness. During few last years the main
HIV spreading way in Ukraine is sexual way, connected to
growing risk of HIV vertical transmission. Considering that,
the spreading of drug resistant HIV strains among repro-
ductive aged people can lead to the growing of the HIV-
infection incidence.

The aim of the work was the definition of level of preva-
lence drug resistant HIV strains among HIV-positive repro-
ductive aged people with virological ineffective ART.

Materials and methods. A total of 70 HIV-infected in-
dividuals at reproductive age (a median age 36.4years)
with virological failure of ART were enrolled: among them
42 were female and 28 were male. All men and 24 women
(received ART scheme 2 nucleoside reverse transcriptase
inhibitors (NRTIs)+non-nucleoside reverse transcriptase
inhibitor (NNRTI), 18 (28.57+6.9%) women received
scheme 2NRTIs+1 protease inhibitor (PI).

In 42 (60.0+5.86%) patients there were no substitutions
of ART regimens in anamnesis, 10 (14.29+4.18%) patients
had one replacement of therapy scheme, in 18
(25.711£5.22%) patients the scheme of therapy has been
changed twice or more.

In the group of women indexes of HIV viral loud (VL)
were from 2.4x10° to 3.18 x10°® HIV RNA copies/ml of
plasma; in the group of men — from 4.7x10° to 2.55x108 HIV
RNA copies/ml of plasma.

For the HIV genome sequencing was performed on the
genetic anlizer ABI PRISM 3130 using the test-system Vi-
roSeq®HIV-1 Genotyping System v.2.0 (Celera Corpora-
tion, USA). Data analysis and interpretation were per-
formed using Stanford University Database
(http://hivdb.stanford.edu). Data were analyzed by program
R (version 2.13.1; 2015-06-18).

Results and discussion.

HIV resistance is developing as a result of forming of
specific mutations in the HIV genome, which lead to
changes of amino acids structure of viral proteins — targets
of ARVs. The selection of drug resistant variants of HIV is
carried under the selective pressure of sub-optimal doses
of ARVs, usually as a result of low adherence of patients to
therapy. The test-systems, what were used in that work,
allow determining the DRMs to three classes of ARVs,
which are used in Ukraine: to NRTIs, NNRTIs, and Pls.

Among 70 tested blood samples obtained from HIV-
positive patients with ineffective ART, 56 (80.0+3.7%) were
positive for the presence of drug resistant HIV strains.
DMRs to NRTIs (in 71.43+5.4% of samples) and to NNR-
TlIs (in 75.71£5.13% of samples) were most frequent, and
in 68.57+5.55% of samples the DMRs to both these clas-
ses of ARVs have been detected. The DRMs to Pls were
much rarely —in 4.29+2.42% of samples.

Among 42 blood samples of women 31(73.80£6.78%)
were positive for the presence of HIV strains with re-
sistance to ARVs (Table 1). DMRs to NRTIls and NNRTIs
have been detected with approximately equal frequency —
in 27 (64.28+7.39%) and 28 (66.67+7.27%) samples re-
spectively. In 25 (59.52+7.57%) samples DRMs to both
classes of drugs were detected. Drug resistance strains of
HIV have been detected in samples women's blood, who
received the therapy scheme with 2NRTIs+1NNRTI, and in
38.89+11.45% of women on regimen with Pl
(2NRTIs+1PI). Due to results of the analysis of DRMs
combinations 28 women (66.67+7.27%) needed for therapy
regimen correction; in all cases the presence of DRMs to
NNRTIs determined necessity to change the therapy regi-
men. And in all cases the presence of DRMs to NNRTIs
required for the choice of ART regimen with NNRTI to
scheme with PI.

Table 1. The incidence of drug-resistant strains of HIV in persons of reproductive age

The frequency of detection
Marker Female (n=42) Male (n=28) Total (n=70)
Abs. Rel., Mtm, % Abs. Rel., Mtm, % Abs. Abs, Mtm, %

Any DRMs to ARVs 31 73.80+6.78 25 89.29+5.76 56 80.0+3.7
Necessity in correction of the | ,g 66.67+ 7.27 24 85.71+6.57 52 74.29+5.22
therapy regimen

DRMs to NRTIs 27 64.28+7.39 23 82.14+7.16 50 71.43+54
DRMs to NNRTIs 28 66.67+ 7.27 25 89.2945.76 53 75.71+5.13
DRMs to NRTIs+NNRTIs 25 59.52+7.57 23 82.14+7.16 48 68.57+5.55
DRMs to Pls 3 7.14+3.97 0 0 3 4.29+2.42

Among men the percentage of persons with resistant
strains of HIV was higher: DRMs have been detected in
25 samples of men plasma (89.29+5.76%). The necessity
for ART regimen correction was indicated in 24 cases
(85.71+£6.57%) (tab.1) DRMs associated with resistance
to NRTIs, were detected in 23 samples (82.14+7.16%), to
NNRTIs — in 25 samples (89.29+5.76%), to both classes
of ARVs — in 23 samples (82.14+9.56%). In all cases the
combination of DRMs led to ineffectiveness of all ARVs,
concluded into ART regimen. In contrast to results, ob-
tained in women's group, there were no DRMs to Pls in
the men's group.

DRMs to NRTIs. The mechanism of action of NRTIs is
termination of HIV proviral DNA synthesis by incorporating into

the growing DNA chain [6]. The development of HIV re-
sistance to this class of ARVs can be carried out in two ways:

1. The accumulation of mutations, which make it im-
possible to conclude NTRIs in DNA chain: substitutions
M184V, non-thymidine analogue mutations K65R, K70E/G,
L74V, Y115F and mutations of Q151M-complex.

2. The accumulation of mutations that facilitate exci-
sion of 3'-terminal chain-terminating inhibitors from blocked
DNA chain through phosphorolysis mediated by ATP or
pyrophosphate. These mutations, known as thymidine ana-
logue resistance mutations (TAMs), include M41L, D67N,
K70R, L210W, T215F/Y and K219E/Q [16].

There are two different ways of TAMs forming: first — by
the accumulation of substitutions M41L, L210W, T215Y
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(Type 1 TAMs), second — includes mutations D67N, K70R,
T215F, K219Q/E (Type 2 TAMs). Factors that lead to se-
lection of mutations by first or second way are unknown.
Perhaps this is a random process, or it can be connected
to genetic features of HIV, to immunologic characteristics
of patient, to the list and sequence ART regimens and oth-
er reasons [16]. TAMs of 1 Type have a greater negative
impact on virological response to an ABC-, ddl-, or TDF-
containing regimen than do TAMs of Type 2 [11].

The frequency of detection of different DRMs was calcu-
lated with respect to the total quantity of samples with at
least one DRM. Among mutations connected to first mecha-
nism of NRTI-resistance development the mutation M184V
was dominant in samples obtained from women and men. In
some samples the substitution M184| was detected — muta-
tion that usually appeared before M184V because it results
from a more common HIV-1 nucleotide substitution. M184l
has the similar effect on HIV resistance. Generally, the de-
tection rates of M184V/I were 77.42+5.34% in a group of

women and 80.0+4.74% in a group of men (Tab.2). The
selection of this substitution occurs under the press of thera-
py with 3TC and FTC, and leads to 100-fold decrease of HIV
sensitivity to these drugs. Besides, M184V/| appear at treat-
ing by ABC and ddl causing low-level HIV resistance to
them. In the same time, M184V increases HIV susceptibility
to AZT, d4T and TDF and slows down the development of
resistance to them. M184V/| are associated with reduced
HIV replication in vitro and in vivo. That is why M184V/| are
not contraindications to continued treatment with 3TC or
FTC. The combination of TDF, AZT or d4T + 3TC/FTC inhib-
its HIV with M184V [9].

In addition to this mutation, in the spectrum of DRMs to
NRTIs, detected in women's samples of plasma, non-TAMs
mutations K65R (38.7118.69%), Y115F (22.5817.44%),
L74V/I (19.35+£7.02%) were prevalent. Among TAMs sub-
stitution K219Q/E was dominant (22.58+7.44%), it refers to
Type 2 TAMs.

Table 2. The detection rate of major and accessory mutations in the pol gene of HIV-1 associated with resistance to NRTIs'

The frequency of detection in the spectrum of DRMs
Mutation Female (n=31) Male (n=25) Total (n=56)
Abs. Rel.,M+m,% Rel.,M+m,% Abs. Rel.,M+m,%

M41L 0 0 2 8.045.33 2 3.57+2.22
A62V 3 9.68+3.53 3 12.0+6.42 6 10.71+4.01
K65R 12 38.7145.82 3 12.0+6.42 15 26.7945.29
D67N 2 6.45+2.94 5 20.0+£7.94 7 12.50+3.95
TE69N 2 6.45+2.94 1 4.0+3.78 3 5.36+2.84
K70E 3 9.68+3.53 5 20.0+7.94 8 14.29+4.18
K70R 1 3.23+2.11 2 8.0+5.33 3 5.36+2.84
L74VII 6 19.35+4.72 6 24.0+8.48 12 21.43+4.9
V75l 0 0 4 16.0+7.26 4 7.14+3.29
Y115F 7 22.58+4.5 3 12.0+6.42 10 17.86+4.58
Q151M 0 0 0 0 0 0
M184VI/I 24 77.4245.34 2 80.0+7.94 45 80.36+4.74
L210W 0 0 2 8.045.33 2 3.57+2.27
T215F/Y 1 3.23+2.11 3 12.0+6.42 4 7.14+3.29
K219Q/E 7 22.58+4.5 2 8.045.33 9 16.07+4.80

It is known that mutation K65R leads to 2-fold decreasing
of HIV susceptibility to ABC, TDF, d4T, ddl, and 5-10-fold —
to 3TC and FTC, but increase HIV sensitivity to AZT (accept
of cases of combination with Q151M substitution) [9]. It
should be taken into account for ART regimen changing.

The L74V is selected by therapy of ABC and ddl. In
combination with M184V it is the most common substitution
for patients receiving ART with ABC/3TC; together these
mutations lead to 5-fold decreasing of HIV susceptibility to
ABC and 2-fold — to ddl. Mutation L74l is selected by ther-
apy with the same ARVs and TDF; its effect on the re-
sistance is less pronounced [9].

Y115F is selected by ABC and TDF. Alone, Y115F reduc-
es ABC susceptibility about 3-fold but has a little phenotypic
effect on TDF susceptibility. In combination with K65R or
Q151M, Y115F synergistically reduces ABC and TDF suscep-
tibility [14]. Mutation K219Q/E in combination with other TAMs
reduces susceptibility about 3-fold to AZT and d4T.

In the samples of men, except of dominant M184V/I, the
substitutions L74V/I, K70E and two TAMs (Type 2) — D67N
and K70R were detected with higher frequency (Tab.2).
D67N and K70R reduce of HIV susceptibility to AZT and
d4T. In combination with other TAMs it leads to decreasing
of HIV susceptibility to ABC, ddl and TDF. The frequency of
K65R detection in the samples, obtained from men, was
lower compared to group of women — 12.0+6.42%. Mutation

K70E reduces HIV susceptibility to ARVs only in combina-
tion with other NRTI-resistance mutations.

Except of major DRMs to NRTIs, some accessory mu-
tations have been detected (A62V, T69N, V75I) with low
frequency. Without major mutations they don't influence on
HIV resistance largely. For example, among mutations of
Q151M complex, only additional substitutions were detect-
ed — A62V and V75| — with the frequency 10.71+4.01% and
7.14£3.29% respectively. Without main mutation of this
complex — Q151M — additional substitutions do not affect
the HIV resistance. Mutation A62V is a common polymor-
phic substitution for HIV strain circulating in Russian Fed-
eration which is entrenched in that area due to the "funder
effect" [2]. The prevalence of A62V in HIV strains detecting
in Russian Federation is about 13%.

Interestingly, that analysis of DRMs prevalence has in-
dicated some gender differences: TAMs (Typel1 and
Type2) were detected in men's samples of plasma more
frequent. The connection between the gender and the
prevalence of some DRMS was detected in other investiga-
tions [3, 15]. However, based on our data it is difficult to
draw conclusions on the causes of this phenomenon, the
additional study is necessary.

DRMs to NNRTIs. NNRTIs can block HIV reverse tran-
scriptase by binding to special hydrophobic region of the
enzyme (so-colled "pocket"). That binding leads to the
change of the spatial configuration of reverse transcriptase

" Bold — high-level resistance mutations, plane — reduced HIV susceptibility in combination with other mutations, italics — accessory mu-

tations
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active center. The development of resistance to NNRTIs is
caused by forming of mutations in the "pocket" region.

Among the most frequent major DRMs to NNRTIs in
HIV isolates obtained from women's samples of plasma
were G190S/A (54.84+8.88%), K101E (36.26%8.34%),
Y181C/1 (41.9448.81%) (Tab.3). Mutation G190S is select-
ed during the therapy with NVP and EFV. It 50-fold reduces
HIV susceptibility to specified ARVs. Mutation G190A is
selected by the selective pressure of the same ARVs and
leads to 50-fold and more decreasing of HIV susceptibility
to them. Substitution K101E is forming during the therapy
with NNRTIs and leads to 3-10-fold decreasing of HIV sen-
sitivity to NVP, 1-5- fold — to EFV, 2-fold — to ETR and
RPV. Y181C/I are selected by the therapy with any NNR-
TIls and more-less decreases the susceptibility to every
drug of that class [9].

Among HIV isolates obtained from men, in addition to
aforecited mutations, accessory substitutions V90l
(20.0£7.94%) and V106l (24.0+8.48%) have been indicat-
ed. Both of them increase HIV resistance to NNRTIs, but in
a less degree.

DRMs to PlIs. Pls can block viral protease by binding to
the active center of enzyme [10]. Therefore the resistance to
Pls develops as a result of forming amino acids substitutions
changing spatial configuration of the active center. Pls have
a high genetic barrier to resistance. It means that a signifi-
cant level of resistance to Pls is forming after accumulation
of 3-10 mutations in the HIV genome — major and minor.
Major mutations have an effect on HIV resistance, but at the
same time they decrease the HIV viability and replicative
activity, because lead to structural changes in molecule of
HIV enzyme. Minor mutations don't influence on HIV re-
sistance, but they can restore the viral fitness.

Table 3. The detection rate of mutations in the pol gene of HIV-1 associated with resistance to NNRTIs

Frequency of detection
Mutation Female (n=31) Male (n=25) Total (n=56)
Abs. Rel.,Mtm, % Abs. Rel.,Mtm, % Abs. Rel.,Mtm, %

Vool 3 9.68+5.22 5 20.0+7.94 8 14.29+4.68
A98G 1 3.23+3.01 1 4.0£3.79 2 3.57+2.48
L100I 0 0 0 0 0 0
K101E 10 32.2618.34 9 36.0+9.55 19 33.9346.33
K103N 4 12.9045.94 4 16.0+7.26 8 14.29+4.68
V106! 1 3.23+3.01 6 24.0+8.48 7 12.50+4.42
V108! 2 6.45+4.30 1 4.0£3.79 3 5.36+3.0
V179F 1 3.2343.01 0 0 1 1.79+1.77
Y181C/I 13 41.94+8.81 8 32.0+9.27 21 37.50+6.47
G190S/A 17 54.84+8.88 1 60.0+9.75 32 57.14+6.61
H221Y 0 0 3 12.0+£6.42 3 5.36+3.0
P225H 2 6.45+4.30 2 8.0+5.33 4 7.14+3.44

The major DRMs to Pls were found in three plasma
samples (5.36+3.0%) obtained from women: MA46I/L,
V82F/A, 147A (Tab. 4). In all these samples combination of

substitutions M46l/L and V82F/A was found (Tab.5). And in
all cases the major DRMs to Pls was accompanied by vari-
ous minor substitutions — L10F, L10l, L33F, Q58E, A71V.

Table 4.The detection rate of major mutations in the pol gene of HIV-1 associated with resistance to PI

. Frequency of detection (n=56)
Mutation Abs. Rel., Mtm, %
M46I/L 3 5,3643,0
V82F/A 5,36+3,0
147A 1 1,79+1,77

M46I/L is selected by therapy with IDV, NFV, FPV,
ATV, LPV,; it is often associated with V82A; in combination
with other Pl-resistance mutations M46l/L decrease HIV
susceptibility to ATV, FPV, IDV, LPV and NFV. Substitution
V82F/A appears during the treating with IDV and LPV; it
causes the HIV resistance to ATV, FPV, IDV, LPV and
NFV, accept of that in combination with other DRMs to Pls
— to SQV and FPV. I47A is selected by the therapy with
LPV or DRV and decrease HIV susceptibility to all Pls ac-
cept of ATV and SQV [9]. HIV isolate obtained from the
sample 320304TroAP has two major and two minor muta-
tions; as a result the virus has high level resistance to NFV
and IDV/r and reduced susceptibility to three other drugs
from that class (Tab. 5). In the sample DidKY the HIV strain
was detected what has three major and three minor muta-
tions, and, as a result, was resistant to four Pls and has a
reduced susceptibility to other drugs from that class. Inter-
estingly, that in all cases HIV strains, accept of DRMs to
Pls, have the DRMs to NRTIs included in to the therapy
regimen. It confirms the fact, that the development of re-
sistance to Pls occurs after the forming of resistance to
NRTIs and subsequent selection of other mutations in the
HIV genome connected to decreasing susceptibility to Pls.

It should be emphasized, that in sample DidKY the HIV
strain with DRMs to NNRTIs (K101E, V106l, Y181C) was
detected, although the therapy regimen of that patient
doesn't include that drugs. During analysis of anamnesis
data it was found, that patient DikKY previously received
NNRTI — untii 2011 the therapy scheme was
TDF/3TC+EFV (that is 2NRTI+1NNRTI). In 2011 the
scheme has been changed due to virologic ineffectiveness.
Thus, during four years of therapy without NNRTIs the mu-
tations of resistance to drugs of that class were saved in
the HIV genome. According to results of different investiga-
tions, some mutations disappear quickly after therapy reg-
imen replacement — when the selective pressure of appro-
priate drug terminate. For example, mutation M184V dis-
appears during few weeks after termination of therapy with
3TC or FTC, the less-fitness HIV strain comprising the mu-
tation is replaced by the high-fithess wild strain [8]. In the
same time, mutations that don't affect the HIV fitness can
be saved in the viral genome during a period from few
months to few years after therapy regimen change. In the
plasma samples of men the DRMs to Pls were not detect-
ed because men included into investigation have not re-
ceived the ART with Pls.
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Table 5. Mutations of resistance to Pls
Current DRMSs to Pls DRMs DRMs
Ne Patient treatment Maior Minor to to Drug resistance interpretation
regimen J NRTIs | NNRTIs
826567 | ABC+3TC+Lpv/r High-level resistance to 3TC, low level resistance
1 PopOV (2HI3T+11M) M46IM L10l M184v VooV to ABC, potential low-level resistance LPV/r
D67DG NRTI: high-level .re.s.istance 3TC, ABC, ddl, FTC
5 320304 | TDF/FTC/Lpvir M461 V82A L10F, L74IL ’ none (but hypersusceptibility to TDF coused by M184V).
TroAP 2HI3T+11IMN ’ A7T1AV M184V Pl: high-level resistance to NFV, IDV/r, middle-
level resistance to FPV/r, LPV/r, ATV/r
NRTI: low-level resistance to ddl, d4T, TDF, mid-
dle-level resistance to ABC, high-level resistance
to 3TC and FTC (but hypersusceptibility to ZDV
M46LM L10l, K101E, caused by M184V)
3 | DidkY g?ﬁg}t?fﬁ‘)’"’r V82A L3aF, | KT | V1061, | NNRTI: high-level resistance to NVP, RPV, mid-
147A Q58EQ Y181C dle-level resistance to EFV, ETR.
Pl: high-level resistance to LPV/r, NFV, IDV/r,
FPV/r, middle level resistance to ATV/r, low level
resistance to SQV/r, DRV/r

In women (12 persons, 35.71+7.33%) and men (3 per-
sons, 10.71+5.76%), who have not resistant HIV isolates,
the therapy ineffectiveness, obviously, has developed as a
result of low adherence to ART.

The HIV viral loud levels in patients with ineffective
therapy. Due to results of Wilcoxon rank sum test, there is
a statistically significant difference (p<0.05) between in-
dexes of HIV viral loud (VL) in women, who have HIV drug
resistant strains in the blood (mean VL 75,25x103 RNA
copies/ml of plasma), and women who don't have drug
resistant strains (mean VL 494,25x103 RNA copies/ml of
plasma). It could be explained by the effect of DRMs on the
level of HIV reproduction. DRMs usually lead to conforma-
tional changes of the viral enzymes molecules, that is why
drug resistant strains of HIV are less viable and have less
level of reproduction than wild strains.

In the group of men high level of HIV VL was associated
with the absence of drug resistant strains. Indexes of HIV VL
in the samples without DRMs were from 1.45 to 2.55 x10°
RNA copies/ml of plasma, mean level 2.18 x108 RNA cop-
ies. In samples were DRMs were indicated — from 5.8 x103
to 1.38 x108 RNA copies/ml of plasma, mean level — 185.0 x
103 RNA copies. It should be noted the high levels of HIV VL
in the presence of drug resistant strains could be explained
to prolonged using of ineffective therapy, that leads to accu-
mulation of the accessory resistance mutations in the HIV
genome, which recover HIV replication capacity.

We have compared the spectrum of dominant muta-
tions to different classes of ARVs with the data of other
investigations. Due to the results of A.Rakhmanova with
colleagues, the most often DRMs in the HIV isolates, ob-
tained from the HIV-positive people in Russia, were
M184V, L74V, D67N (associated with resistance to NRTI),
G190S/A and K103N(associated with resistance to NNRTI)
[5]. During the survey of cohort of Indian HIV-positive peo-
ple, it was indicated that the most often DRVs to NRTI
were M184V, T215Y, D67N, K70R, to the NNRTI - Y181C,
G190A, V108I [13].

In the countries of Central America among the patients
with virologic ineffective ART the high prevalence of HIV
strains with mutations M184V, T215Y, M41L, K103N,
V108l were the most dominant. Substitution G190S was
detected less frequently [6].

In aforecited investigations the frequency of mutation
K65R indication was low, whereas it was present in
26.79% of HIV strains, examined in this work, (in women's
samples — 38.71%, in men's samples —12.0%). It could be
explained by the fact that the most of the patients included
in this investigation (73.81% of women, 67.86% of men)
either were obtaining ATR regimens with TDF, or have
obtained of TDF-comprising regimen in anamnesis. Inter-
estingly, mutation K65R is the antagonist of TAMs: they
never appear together in one HIV genome [7]. Really, the

results of the work confirm this fact. Thus, the spectrum of
DRMs depends on primarily from the ARVs included in the
ART regimens of examined cohort of patients.

The high prevalence of HIV strains with DRMs associ-
ated with resistance to two classes of ARVs simultaneously
— to NRTIs and NNRTIs, is connected to the pharmacoki-
netics of reverse transcriptase inhibitors, the duration of
their activity period, low genetic barrier of NRTIs and NNR-
Tls, due to which only one-two DRMs can lead to the loss
of HIV susceptibility to that drugs. The period of half-life of
NRTIs is significantly shorter compared to NNRTIs. That is
why, if the patient messes the doses of ARVs, from time to
time in his blood only one active drug could be — it is, prac-
tically, the monotherapy with NNRTI. Consequently, the
HIV replication is continued during ART leads to the form-
ing of HIV strains resistant to NNRTIs. Further remaining
NRTIs quickly become ineffective due to the fast accumula-
tion of DRMs associated with resistance to them.

Thus, the most cases of virologic ineffectiveness of
ART in reproductive aged persons were connected to de-
velopment of HIV resistance to ARVs: drug-resistant HIV
strains were indicated in 73.8% women and 89.29% (gen-
erally — in 80,0% patients). It should be emphasized, that
the most of indicated DRMs are related to the transmissible
mutations by the WHO; it means, that the HIV strains with
that mutations can be transmitted to other people, leads to
grow the prevalence of primer resistance [10]. That is why,
the monitoring of drug-resistance HIV strains prevalence
among the reproductive aged people is the one of the main
areas of the fight against the spread of HIV by the sexual
and vertical ways.

Conclusions.

1. It was indicated, that the prevalence of drug re-
sistant HIV strains was 73.80% in the group of women and
89.29% in the group of men (80.0% in total group) with
virologic ineffective ART. In 74.29% of incidence of DRMs
the ART regimen correction was needed.

2. Among indicated mutations the DRMs to NRTIs and
NNRTIs were dominant. HIV strains with DRMs to NRTIs
were found in 64.28% of women's plasma samples and
82.14% men's plasma samples; HIV strains with DRMs to
NNRTIs — in 66.67% and 89.29% of samples respectively.
In most cases mutations of resistance to both ARVs clas-
ses were found simultaneously. The DRMs to Pls were
indicated with significantly less frequent — totally in 4.29%
of all tested plasma samples.

3. In the spectrum of drug resistance mutations (DRMs)
the most prevalent mutation associated with high-level re-
sistance to NRTIs was substitution M184V (80.36%); in
addition, the high prevalence of K65R (26.79%) was indi-
cated. The most common mutations causing a high-level
resistance to NNRTIs were G190S/A (57.14%), Y181C
(37.50%), K101E (33.93%). The percentage of most preva-
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lent DRMs to Pls (M46L/I and V82F/A) was much lower
and amounted 5.36% of all detected mutations.
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AY "lHcTuTyT eniaemionorii Ta iHdekuinHMX xBopo6 im. J1.B. 'pomaweBcskoro HAMH Ykpainu", KuiB, YkpaiHa

MOLWMUPEHHICTb NIKAPCbKO CTIMKUX LUTAMIB BIN IHOEKLT Y BIN — IHOIKOBAHUX MALIEHTIB

Bu3Ha4eHo pieeHb nowupeHocmi wmawmie BlJl, peaucmeHmHux 0o aHmupempoegipycHux npenapamis, y Bl/I-no3umueHux oci6é penpodykmue-
HO20 8iKy 3 8ipycos102i4HO HeegheKMUBHOI aHMuUpPempogipycHo mepanito. Yacmoma eusienieHHs1 pe3ucmeHmHux wmamie Bl cmanosuna 73,0%
8 2pyni xiHok ma 89,29% e 2pyni Yonoeikie (80,0% ceped ecix o6cmexeHux nauyieHmis). ¥ cnekmpi Mymauili, acouyiliogaHux 3 6UCOKUM pigHeM
pe3ucmeHmuocmi Bl 0o npenapamie knacy Hykneo3udHux iH2ibimopie 3e6opomHoi mpaHckpunmasu, Halbinbw nowupeHoro 6yna 3amiHa M184V
(80.36%); kpim moeo, euzHayeHO 8ucokull pieeHb nowupenocmi mymauii K65R (26.79%). HalinowupeHiwumu ceped mymauili, wo cnpu4yuHsiroms
pe3ucmeHmMHicmb 8UCOK020 pieHs 0 HeHyKneo3udHux iHzi6imopie 3eéopomHoi mpaHckpunmasu, 6ynu 3amiHu G190S/A (57.14%), Y181C (37.5%),
K101E (33.93%). Mymauii peaucmeHmuocmi 9o iHzi6imopie npomea3u susiensnucsi 3 HUX4or yacmomoro (5,36%).

Knroyoei cnoea: BlJl, Mymauyii MeAukameHmMo3HOi pe3ucmeHmHocmi, aHmupempoeipycHa meparnis.

H. Babun, kaHA. 6uon. Hayk
TY "MHCTUTYT annaemmnonorum u nHgekUnMoHHbIx 6onesHen umenn J1.B. N'pomawmeBckoro HAMH YkpauHbl"”, KueB, Ykpauna

PACIMPOCTPAHHEHOCTb JIEKAPCTBEHHO YCTOWYMBBIX LUTAMMOB BUY MH®EKLIUK
Y BU4-UHPELIMPOBAHHbIX MALUMEHTOB

OnpedeneH ypoeeHb pacnpocmpaHeHHocmu wmammoe BUY, pezucmeHmHbix K aHMupempoeupycHbIM npenapamam, y BUY-
nonoxumersbHbIX J1UYy, PpernpodyKmueHo20 8o3pacma ¢ supycosioauvyecku HeaghghekmusHol aHmupemposupycHol mepanuel. Yacmoma ebisigrie-
Hus1 pe3ucmeHmMHbIX wmammoe cocmasuna 73,0% e epynne xeHWuH u 89,29% e a2pynne myx4uH (80,0% cpedu ecex o6criedo8aHHbIX NayueHmMos).
B cnekmpe Mymauyulii, acCoyuupo8aHHbIX C 8bICOKUM ypOo8HeM pe3ucmenmHocmu BUY k npenapamam knacca HeHyK/1€03UOHbIX UH2ubumopos
o6pamHoli mpaHckpunmasbl, Hau6osnee pacrnpocmpaHeHHolU 6bina 3ameHa M184V (80.36%); kpome mozo, 6bi1 ycmaHo8sIeH 8bICOKUlI ypo8eHb
pacnpocmpaHeHHocmu mymauyuu K65R (26.79%). Hau6onee yacmbimMu cpedu mymauyuti, o6ycnasnusarouyux 8bICOKuUll ypogeHb pe3ucmeHmHocmu
K HEeHyK/1eo3uOHbIM uHaubumopam o6pamuHoli mpaHckpunmassi, 6binu 3ameHbl G190S/A (57.14%), Y181C (37.5%), K101E (33.93%). Mymauyuu pe3u-
cmeHmMHocmu K uHaubumopam npomeassi onpedensanucek pexe(5,36%).

Knroueenie cnoea: BUY, Mymayuu nekapcmeeHHOU pe3ucmeHmMHOCMU, aHmupempo8upyCcHasi mepanusi.



