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THE PREVALENCE OF HIV-1 STRAINS RESISTANT TO ANTIRETROVIRAL DRUGS AMONG
CHILDREN RECEIVING INEFFICIENT HIGHLY ACTIVE ANTIRETROVIRAL THERAPY

Here we present the results of analysis of prevalence of HIV strains with drug resistance mutations among HIV-infected children
receiving inefficient HAART. Blood samples from 60 HIV-infected children aged <15 years were taken to perform the viral resistance
genotyping. The prevalence of HIV-1 strains characterized with high resistance to any drug constituted 65.0%. In total, 51.67% of
children required a correction of HAART scheme. The majority of isolated HIV strains (96.67%) belonged to subtype A of HIV-1.
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Introduction. The drugs currently used to treat HIV-
infection belong to six distinct classes: nucleoside-analog
reverse transcriptase inhibitors (NRTIs), nonnucleoside
reverse-transcriptase inhibitors (NNRTIs), protease inhibi-
tors (PIs), integrase inhibitors, fusion inhibitors and recep-
tor antagonists [1]. Combinations of antiretroviral drugs are
used now for the treatment of HIV infection — so-called
highly active antiretroviral therapy (HAART). HAART regi-
mens generally comprise three antiretroviral drugs, usually
two nucleoside analogues and either a protease inhibitor or
a nonnucleoside reverse-transcriptase inhibitor.

One of the major causes of treatment failure is the de-
velopment of drug resistance to antiretroviral drugs (ARVSs).
Resistance testing is recommended for optimization antiret-
roviral therapy after treatment failure, for effective changing
regimens of HAART. In this connection the research to
identify resistant to ARVs HIV strains is necessary to
achieve the efficiency of treatment. Given the fact that the
vast majority of children in Ukraine and in the world at large
infected by vertical HIV transmission from HIV-infected
mothers, HIV-infected infants may acquire resistant HIV
strains from the mother in utero or during the intrapartum
period. Resistance may also emerge from exposure to anti-
retroviral drugs given to the infant for prophylaxis against
HIV transmission. Resistant HIV strains may also emerge
from exposure to antiretroviral drugs given to the infant for
prophylaxis against HIV transmission [2]. On the other
hand, receiving suboptimal doses of drugs during HAART
in turn leads to the formation of resistant strains of HIV too.

Antiretroviral therapy is considered like virologic inef-
fective if the level of HIV viral load is not reduced to a
level less than 1000 RNA-copies/ml blood after 24
weeks of HAART.

The aim of this work was to establish the prevalence of
resistant strains of HIV in HIV-infected children with vi-
rologic failure of HAART.

Materials and methods. Samples of plasma HIV- in-
fected children under 15 years of age receiving HAART
were used for investigation. Whole blood samples were
obtained by venipuncture into EDTA-containing tubes. After
centrifugation, plasma was separated and stored at —70 °C
for RNA viral extraction. Samples of plasma were pre-
tested by PCR to determine the level of HIV-1 RNA using
the Abbott RealTime HIV-1 (Abbott RT HIV-1) to assess
the effectiveness of HAART. Samples in which the viral
load of HIV-1 RNA exceeded 2000 copies VIL-1/ml plasma
were selected for further sequencing. HIV genome se-
quencing was performed on the genetic analyzer ABI
PRISM 3100 (Applied Biosystem) using the test system
ViroSeqTM HIV-1 Genotyping System (Abbott, USA),
which detects mutations in the reverse transcriptase (RT)
and protease regions of the pol gene and provides the
physician with a report indicating genetic evidence of viral
resistance. The entire protease gene and two-thirds of the
RT gene are amplified to generate a 1.8 kb amplicon. The

amplicon is used as a sequencing template for seven prim-
ers that generate an approximately 1.3 kb consensus se-
quence. The Viroseq HIV-1 Genotyping System software
assembles, edits, and identifies mutations within this 1.3kb
sequence. The software compares the consensus se-
quence with a known reference, HXB-2, to determine muta-
tions present in the sample. Analysis of primary nucleotide
sequences was performed using BioEdit (v.7.0.0). Evalua-
tion of nucleotide substitutions were performed using the
database at Stanford University, USA (hivdb.stanford.edu).
All HIV-1 pol sequences for genotyping were analyzed us-
ing the REGA HIV-1 Subtyping Tool, version 2.0.

Results and discussion. The presence of mutations of
HIV-1 resistance to antiretroviral drugs was determined in
HIV-1 RNAs isolated from blood samples of 60 HIV-
infected children under 15 years of age. All children re-
ceived HAART for at least one year. All children included in
the study have virological failure of HAART: indexes of viral
load of HIV-1 in samples of their blood were higher than
2000 RNA-copies/ml after 6 months after initiation of
HAART or after the last modification scheme of HAART
and ranged from 2681 to 10 million RNA-copies/ml plasma.
Among the children included in the study 30 (50.0 %) re-
ceived the first scheme of therapy, in 30 (50%) children the
scheme of therapy was changed: in 18 children — twice, in
7 — three times, and in 5 — four times.

HIV RNA was isolated from all 60 specimens of blood.
Determination of subtypes of HIV-1 was based on the
analysis of polymerase gene sequences (a protease and
RT regions). According to an analysis of the database of
Stanford University, two of the selected strains of viruses
can be classified as subtype B HIV -1 (3.33 %), 29 — sub-
type A HIV -1 (48.33 %), 28 samples were CRFO1-AE
(46.67%), one — CRF02 — AG (1.67%). But all CRFs were
classified as subtype A in additional analysis with REGA
HIV-1 Automated Subtyping Tool (Version 2.0). Thus, most
of the sequences belonged to subtype A (96.67%), and
only two sequences belonged to subtype B (3.33%) (fig. 1).

The resistant strains of HIV-1 were detected in 40
(66.67 %) of 60 samples of plasma HIV-infected children,
in 39 (65.0%) samples HIV strains with high resistance to
at least one antiretroviral drug were found. In total group 31
(31/60, 51.67%) children needed for the correction of the
scheme of HAART. Ten from 39 children (25.64 %) had
levels of HIV viral load higher than 100 000 RNA copies/ml
plasma. It is known that mutations of HIV resistance to
antiretroviral drugs contribute to reducing its replicative
capacity compared to the "wild" sensitive virus [3]. At the
same time, the HIV genome can form spontaneously poly-
morphic compensatory mutations that contribute to the
restoration of replicative capacity of the virus. Therefore,
high HIV viral load (more than 100 000 RNA-copies/ml
plasma) in the presence of resistance mutations may be
explained by manifestation of polymorphism mutation.
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Fig.1. Distribution of HIV-1 subtypes among HIV-infected children

The prevalence of HIV drug resistance mutations was analyzed according to the drug class family. The most commonly
detected mutations were mutations of resistance to NRTIs — in 33 from 60 patients were identified strains of HIV with at

least one mutation from this group (Table 1).

Table 1.The prevalence of HIV strains with resistance mutations among children with virological failure of HAART

Indicator Quantity of samples/total group | Rate,%

High-level resistance to at least one antiretroviral drug 39/60 65.0
Resistance to the drug classes::

NRTIs 33/60 55.0
NNRTIs 29/60 48.33
Pls 8/60 13.33
Resistance to two classes of drugs 24/60 40.0
Resistance to two classes of drugs 4/60 6.67

There are two main mechanisms of resistance to NRTIs.
Both of these mechanisms are realized through the forma-
tion of mutations in the region of the gene pol, which en-
codes reverse transcriptase (RT) of HIV. The first — increas-
ing the RT's phosphorolytic activity, which in the presence of
a pyrophosphate donor (usually ATP) allows to remove
chain-terminating inhibitors from the 3' end of the primer.
This mechanism is associated with mutations M41L, D67N,
K70R, L210W, T215Y, T215F, K219Q, K219E — family of muta-
tions known as thymidine analogue mutations (TAMs) be-
cause they are selected by thymidine analogs zidovudine
(AZT) and stavudine (d4T) [4]. The development of resis-
tance to thymidine analogues is a result of the gradual ac-
cumulation of specific mutations in 41, 67, 70, 210, 215 and
219 positions of HIV reverse transcriptase. Viruses acquire
phenotypic resistance to thymidine analogues resulting
combined mutations at positions 41 and 215, or storage of at
least four of the six mutations. Another mechanism — the
formation of conformational changes in the molecule reverse
transcriptase of HIV that result in loss of the ability of the
enzyme to bind to NRTIs, which makes it impossible to in-
clude them in the chain of provirus DNA of HIV- 1[5]. Among
mutations that result in the inability to include NRTIs in chain
of provirus DNA in HIV-1 there are M148V, L74V, M184l,
K65R. Among them the most common is the M184V muta-
tion. The RT mutation M184V confers high-level phenotypic
resistance to the cytidine analogs lamivudine (3TC) and em-
tricitabine (FTC) and low-level cross-resistance to abacavir
(ABC) and didanosine(DDI). Despite the high level of pheno-
typic 3TC and FTC resistance caused by M184V, there is
often some benefit in including 3TC or FTC in a salvage
therapy regimen because M184V increases susceptibility to
AZT, d4T, and tenofovir (TDF) and causes a decrease in
HIV-1 replication capacity [6].

In the spectrum of detected mutations of HIV resistance
to NRTIs in the investigated samples at the mutation M184V
(M184MV) was dominant by the frequency of detection — it
was found in 32 samples from 60 (53.33 %). Other mutations
of HIV resistance to NRTIs, were found with less frequently,
but their range was wide. TAMs were found in 20 samples
(20/60, 33.33%): in 4 samples M41L mutation were found, in
11- strains with substitution at position D67 (D67N, D67DN), in
7 — at position K70 (K70R, K70KR), in 7 — at position T215
(T215Y, T215 F),in 8 — at position K219 (K219E, K219Q,

K219EQO). In samples of blood of 3 children HIV strains with
four TAMs were found, in one sample — HIV strain with five
TAMSs. Also other mutations were found: in 6 samples — muta-
tions at position L74 (L74V, L74LV), in two samples — L210W
(L210 LW), V75M —in one.

The second group by the frequency of detection was
the group of mutations that provide the resistance to the
non-nucleoside reverse transcriptase inhibitors of HIV-1.
These mutations were found in HIV strains isolated from 29
samples of blood (29/60, 48.33%). Drugs of this class trig-
ger conformational changes in the HIV reverse transcrip-
tase molecule with the formation of the so-called hydro-
phobic "pocket" — this region is NNRTI-binding site. The
binding of NNRTIs, in turn, causes changes in the confor-
mation of the active center of the enzyme and leads to loss
its inability to synthesis of provirus DNA chain of HIV-1.
Mutations that cause changes in the amino acid sequence
in hydrophobic "pocket", lead to the formation of the stabil-
ity of the virus to several or all drugs from this class [7].
These mutations include nucleotide substitutions in posi-
tions 100-110, 180-190 and 225-235. We found some mu-
tation of that class, most frequently were following: K101E
— in 8 samples, G190S - in 16 samples, K103N — in
10 samples, P225H (met in combination with K103N) — in
4 samples, Y181C — in 2 samples. Mutations G190S and
K103N are causing high level of HIV resistance to nevirap-
ine (NVP) and efavirenz (EFV). K103 reduces NVP and
EFV susceptibility by about 50 and 20-fold, respectively [8].
G190S is mutation that accumulates during prolonged inef-
fective therapy with most NNRTIs. The nucleotide substitu-
tion K101E causes the average level of resistance of HIV
to these drugs. P225H is a nonpolymorphic accessory mu-
tation which in combination with K103N causes >50-fold
reduced susceptibility to NVP and EFV [9]. Y181C causes
>25-fold reduced susceptibility to NVP [10].

The mechanism of action of protease inhibitors is to
block the activity of the enzyme, causing it to lose the abil-
ity to cleavage of precursor viral proteins (gag and gag—
pol) permitting the final assembly of the inner core of viral
particles [11]. Resistance to this class of drugs is caused
by a complex of mutations that are divided into major (that
cause reduced sensitivity of the virus to specific drugs of
this class) and minor (that do not affect the stability of the
virus to the Pls, but in the presence of major mutations can
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enhance the level of HIV resistance to these drugs). Muta-
tions of resistance to Pls were detected in 11 samples, but
mutations associated with high levels of resistance to Pls
were detected in 8 of them (8/60, 13.33%). Among the ma-
jor mutations of resistance to Pls nucleotide substitutions at
position 46 (M46L, M46LI) were detected — in 7 of the in-
vestigated sequences, at position 82 (V82A, V82F) — in 5
samples. M46l/L contribute reduced susceptibility to few
Pls (indinavir (IDV), nelfinavir (NFV), fosamprenavir (FPV),
atazanavir (ATV), and lopinavir (LPV)) [10]. V82A de-
creases susceptibility to IDV and LPV and confers cross-
resistance to ATV and NFV [12]. The mutation 154V and
L76V were detected in 3 and 2 samples, respectively.
Among the minor mutations substitutions at position L10I
dominated, which were found in 13 of the samples.

Conclusions. Thus, HIV strains with mutations of high
level resistance to ARVs were found in the majority (in 39
from 60) of blood samples obtained from children with vi-
rological inefficiency HAART. The frequency of detection of
resistance mutations to NRTIs was 55.0 %, to NNRTIs —
48.33%, to Pls — 13.33 %. In total group 21 children (35.0
%) had treatment failure, probably related to their low ad-
herence to therapy, abnormalities in the mode of taking the
drugs. These results indicate the high relevance of problem
of the formation and spread of resistant strains of HIV
among HIV- positive children in Ukraine and the necessity
for further study of that problem.

H. Ba6in, kaHAa. 6ion. Hayk, A. LLlep6iHcbka, npod.
KHY imeHi Tapaca LLleB4eHka, KuiB

References

1. E.J. Arts, D.J. Hazuda 2012.HIV-1 Antiretroviral Drug Therapy. Cold
Spring Harb Perspect Med. April; 2(4).

2. Weidle P.J., Nesheim S. 2010. HIV drug resistance and mother-to-
child transmission of HIV. Clin Perinatol. Dec;37(4):825-42.

3. Martinez-Picado J., Savara A. V., Sutton L. et al. 1999. Replicative
Fitness of Protease Inhibitor-Resistant Mutants of Human Immunodeficiency
Virus Type 1. J Virol.,73(5): 3744-3752.

4. F. Clavel, A. J. Hance. 2004. HIV Drug Resistance.N Engl J Med;
350:1023-35.

5. L. Menéndez-Arias. Retroviral Reverse Transcription Mechanisms of
resistance to nucleoside analogue inhibitors of HIV-1 reverse transcrip-
tase.2008. Virus Research, 134 (1-2):124—-146.

6. Shafer RW, Schapiro JM. 2008.HIV-1 drug resistance mutations: an
updated framework for the second decade of HAART. AIDS Rev.;10:67-84.

7. Shiro Ibe, Wataru Sugiura. 2011. Clinical Significance of HIV Re-
verse-transcriptase Inhibitor-resistance Mutations. Disclosures Future Mi-
crobiol. ;6 (3):295-315.

8. Zhang, Z., Xu, W., Koh, Y.H. et al. 2007. A novel nonnucleoside ana-
logue that inhibits human immunodeficiency virus type 1 isolates resistant to
current nonnucleoside reverse transcriptase inhibitors. Antimicrobial agents
and chemotherapy, 51;429-437.

9. Alcaro, S., Alteri, C., Artese, A. et al. 2011. Docking analysis and re-
sistance evaluation of clinically relevant mutations associated with the HIV-1
non-nucleoside reverse transcriptase inhibitors nevirapine, efavirenz and
etravirine.ChemMedChem, 6;2203-2213.

10. Vingerhoets J., Tambuyzer L., Azijn H. 2010.Resistance profile of
etravirine: combined analysis of baseline genotypic and phenotypic data
from the randomized, controlled Phase Ill clinical studies.AIDS 24;503-514.

11. Barber T.J., Harrison L., Asboe D. 2012. Frequency and patterns of
protease gene resistance mutations in HIV-infected patients treated with
lopinavir/ritonavir as their first protease inhibitor. The Journal of antimicrobial
chemotherapy, 67;995-1000.

12. Rhee S.Y., Taylor J., Fessel W.J. 2010. HIV-1 protease mutations
and protease inhibitor cross-resistance. Antimicrobial agents and chemo-
therapy, 54; 4253-4261.

Received to editorial boar 06.12.13

MOLUUPEHHICTb WUTAMIB BIJ-1, CTIMKMX 4O AHTUPETPOBIPYCHUX MNMPEMNAPATIB, CEPE[ OITEW,
AKI OTPUMYKOTb HEE®EKTUBHY BUCOKOAKTUBHY AHTUPETPOBIPYCHY TEPANIO

lMpedcmaeneni pesynbmamu aHanizy nowupeHocmi pesucmeHmHux do APB — npenapamie wmawmie BI/l- 1 ceped dimeli 3 HeeghekmueHorO
BAAPT. [insi npoeedeHHs1 docnidxeHb 3 ausienieHHs1 peaucmeHmHux do APB — npenapamie wmawmie BlJ1 6ynu eidi6bpaHi 3pa3ku kpoei 60 BIJl-
iHgpikoeaHux dimel y eiyi Ao 15 pokie. Hacmoma eusieneHHss wmamie BlJ1 3 Mymauyisimu, wo 3a6e3neyyroms cmilikicmb 8UCOKO20 pigHsI xo4a 6 0o
00HO20 npenapamy, eKIIO4EHOMY 8 cxeMy JliKyeaHHs1, cknana 65,0 %, 51,67 % dimeli nompe6byeanu kopekuii cxemu mepanii. Binbwicme npoaxarni-
3o0eaHux nocnidoeHocmeii PHK BIJ1 (96,67%) Hanexanu do cyémuny A BIJl-1.

Knro4voei cnoea: APB npanapamu wmawmie BIJl-1, BAAPT.

H. Babun, kaHa. 6uon. Hayk, A. LLlep6uHckas, npod.
KHY nmenu Tapaca LLleB4eHko, KueB

PACMPEQENEHUE LUTAMMOB BUY-1, YCTOMYMNBbIX K AHTUPETPOBUPYCHbIM NMPEMNAPATAM, CPEAU AETEWN,
KOTOPBIE MNOJNTYHAIOT HEQ®®PEKTUBHYIO BbICOKOAKTUBHYIO AHTUPETPOBUPYCHYIO TEPAIMNUIO

lMpedcmaeneHsbi pe3ynbmamsl aHanu3a pacrnpocmpaHeHHOCMU pe3ucmeHmHbix k APB-npenapamam wmammoe BUY-1 cpedu demeli ¢ Heagh-
¢pekmusHoli BAAPT. [ins npoeedeHusi uccnedosaHull No ebisie/IeHUl0 pe3ucmeHmHbix K APB-npenapamam wmammos BUY 6binu omobpaHb!
o6pa3sybl kpoeu 60 BUY-uHgpuyupoeaHHbix demeli 8 eo3pacme 0o 15 nem. Yacmoma ebisieneHusi wumammoe BUY ¢ mymayusimu, obecneyuearo-
wumu ycmoli4yueocmb 8bICOKO20 ypO8HSI xomsi 6b1 K OOHOMY rfpenapamy, 6K/IIO4YEeHHOMY 8 cxeMy JiedeHusi, cocmasuna 65,0%, 51,67% demel
Hy¥0anucb 8 KoppeKyuu cxembl mepanuu. bonbwuHcmeo npoaHanusupoeaHHbIx nocnedosamenbHocmeli PHK BUY (96,67%) npunadnexanu k
cy6muny A BUY-1.

Knro4desie cnosa: APB npenapambl wmammoe BUY-1, BAAPT.
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ADVANCED APPROACHES TO IDENTIFICATION OF VIRUSES INFECTING
OF WILD HERBACEOUS PLANTS

Recently, interest in studying viruses in wild flora was gradually increasing. This is connected with necessity of better under-
standing plant virus evolution, ecology, virulence, and even to avoid economic losses due to crop-wild hybridization, followed by
introgression of pathogen-resistant transgenes to wild populations. In this review brief information about last contributions in
development of wild plant virology is given. Different approaches to the researches are present here.

Key words: viruses in wild flora, transgenes to wild populations.

Introduction. Viruses commonly infect wild plants.
However, virus infection is easily overlooked in wild plant
populations. Although infections can be visually unappar-
ent, it is frequently assumed that absence of visual symp-

toms (such as leaf mottling or malformation) indicates lack
of virus infection. Moreover, symptoms of virus infection
are sometimes difficult to distinguish from environmental
stresses. For these reasons, in part, virus ecology in natu-
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