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The aim of the investigation was to assess the capabilities of modern technologies in the monitoring of genetic HIV-1 subtypes circulating
within some administrative territories (by the example of Privolzhsky Federal District (PFD) during the period of 2008-2014).

Materials and Methods. We carried out molecular genetic analysis of 647 blood plasma samples of HIV-1 infected patients from 13 regions
of PFD (Russia). Genotyping was carried out using a test kit ViroSeq™ HIV-1 and Genotyping System Software v.2.8 (Celera Diagnostic, USA).
Subtyping was performed online using COMET HIV-1/2 and REGA HIV-1 Subtyping Tool, and Phylogenic analysis including reference nucleotide
sequences from GenBank of European countries, America, Australia, CIS and Russian regions, was carried out using MEGA 5.2, Maximum
Likelihood analysis and Kimura (bootstrap level 1000).

Results. The study of HIV-1 subtypes in PFD revealed the tendency for subtype A dominating, both in the period of 2008-2010 (91.3%), and
in 2011-2014 (95.6%). Subtype B appeared to be the second most frequent HIV-1 subtype (8.7 and 2%, respectively). We found the increase
of subtype diversity of genetic HIV-1 variants in the samples dated 2011-2014, mainly, due to recombinant variants (AB, AG, CRF06_cpx,

CRFO1_AE) and subtype C strain.

There was revealed phylogenic affinity and proved molecular epidemiological relationships between nucleotide sequences of viruses
isolated in HIV positive patients in PFD, and the sequences taken as reference from international base GenBank.

Conclusion. Modern molecular genetic techniques used in epidemiological surveillance over HIV infection, and when studying subtype
structure of HIV, can serve as the prime tools to monitor a current situation, as well as for epidemic prognosis. The methods are able to assess,
study the subtypes in order to make decisions for developing preventive and anti-epidemic measures to stabilize HIV infection epidemic.
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phylogenic analysis.

The implementation of a complex of modern
molecular genetic technologies characterized by high
sensitivity and specificity extends the boundaries of
epidemiological diagnostics of infections including
human immunodeficiency virus (HIV) in terms of studying
biological and genetic characteristics of an infectious
agent. These technologies enable to study subtypical
HIV variety that is one of biological parameters when
supervising HIV infection [1].

The study of HIV-1 subtypes circulating in Russia
has been carried out by different researchers. It enabled
to reveal that in the middle 90s of the last century
A-H subtypes of HIV-1 circulated in Russia, subtype
B dominating among men having sex with men, and
subtype G isolated in infected children from a nosocomial
center of infection in the south of Russia. The other
episode of HIV infection broke out in the middle of 1996
among people taking intravenous psychotropic agents,
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the infection being caused by subtype A virus, which
subsequently went beyond this vulnerable population
group and started spreading among the sexual partners
of injection drug users (IDU), as well as among children
with perinatal HIV contact, and took the first rank in the
Russian Federation [2-8]. In the following years in Russia
recombinant forms obtained a wide circulation; the forms
resulted from genetic material exchange of different virus
subtypes circulating both in Russia, and on the territories
of other countries and brought in Russia [9, 10].
Privolzhsky Federal District (PFD) is of special interest
concerning the study of HIV subtypes incidence due to
a high prevalence level and high morbidity rate of HIV
infection, since 2000 it has exceeded a mean value in
Russia. PFD is one of highly developed areas in Russia,
has a unique transit position, since it is located at the
junction of international transport corridors: “North—
South” and “West—East” connecting Siberia and Far
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East, as well as Eastern Asia and European countries.
The last mentioned is curtain to contribute to a spectrum
of HIV subtypes circulating in PFD.

The use of modern laboratory techniques is of
scientific and practical importance, and the techniques
enable to obtain the relevant information on genetic
variation and HIV incidence in PFD as the supplement
to classical epidemiological methods of epidemic
monitoring.

The aim of the investigation was to assess the
capabilities of modern technologies in the monitoring
of genetic HIV-1 subtypes circulating within some
administrative territories (by the example of Privolzhsky
Federal District during the period of 2008-2014).

Materials and Methods. We carried out molecular
genetic analysis of 647 blood plasma samples of
HIV-1 infected patients from 13 regions of PFD, the
patients being registered at local prevention and control
centers for AIDS and infectious diseases. Nucleotide
sequences of HIV-1 genome were identified using
ViroSeq™ HIV-1 Genotyping System (Celera Diagnostic,
Abbott Laboratories, USA) by sequencing amplified
fragments of gene pol on a genetic analyzer ABI Prism
3100 (Applied Biosystems, USA). The obtained fragments
were studied using ViroSeq HIV-1 Genotyping System
Software v.2.8 (Celera Diagnostic, USA) according to
the manufacturer instructions. To identify closely related
HIV-1 strains, nucleotide sequences including reference
nucleotide sequences from GenBank of European
countries, America, Australia, CIS and Russian regions
were analyzed using BLAST program [http://www.ncbi.
nim.iv.gov/BLAST/]. Phylogenic analysis was carried out
using MEGA 5.2, Maximum Likelihood statistical analysis
and Kimura (bootstrap level 1,000).

Subtyping of HIV-1 strains was performed using
online programs COMET HIV-1/2 and HCV and REGA
HIV-1 Subtyping Tool.

The obtained in the research nucleotide sequences
of virus (HIV) isolate genome areas were subsequently
deposited in an international database GenBank (JX
141197-JX 141233; KF257850-KF257884; KJ722070~

KJ722139; KP090065-KP090099) and Russian HIV
drug resistance database.

The findings were processes using an analysis of
variance. The difference degree of two samplings was
assessed by Student t-test. The revealed differences
were considered significant if p<0.05.

Results and Discussion. The implementation
of modern computer programs and technologies in
this research enabled to find the distribution of HIV-1
subtypes in PFD in different periods to have some
differences. So, the samples dated 2008-2010 (the
first period) appeared to be genotyped as variant A
in 91.3+1.7% cases; and as variant B in 8.7+1.6%
(Figure 1 (a)). No other virus types were identified during
that period.

Subtype A occurs primarily (90.7+1.7% cases)
in a group of those taking psychoactive substances
parenterally, and live in the regions of Nizhny Novgorod,
Samara, Kirov, Penza, Ulyanovsk, Saratov, and
Republics of Udmurtia, Chuvashia, Mari El, Mordovia.
Type B was found only among men having sex with men
living in Nizhny Novgorod and Penza regions.

During the second period (2011-2014) the spectrum
of HIV-1 subtypes significantly extended, mainly, due
to various recombinant types and subtype C strain
appeared (Figure 1 (b)).

The appearance of both new HIV-1 subtypes,
as well as their recombinant forms in some regions
reflects certain regularities in epidemiological process
development. It is related to the virus evolution
peculiarities, new population groups with various
routes involved in an epidemiological process [11], the
extension of economic and political relations between
countries and the development of active migration and
international tourism [5]. However, new HIV subtypes
appeared to have an effect on the epidemic development
in general that requires further study of their role.

HIV-1 subtypes isolated in the samples from the
district areas in 2011-2014 have the following variants
(See the Table).

The results of the studies carried out using modern
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Figure 1. Distribution of HIV-1 subtypes (%) in Privolzhsky Federal District in the period of 2008-2010 (a) and 2011-2014 (b)

122 CTM[2016 — vol. 8, No.1

N.N. Zaitseva, N.N. Nosov, O.V. Parfenova, O.Y. Peksheva, E.I. Efimov



CLINICAL MEDICINE

Territorial distribution of HIV-1 subtypes in Privolzhsky Federal District in 2011-2014

i1 Detectomn FIG Privolzhsky Federal District territories with HIV-1 subtype revealed
subtypes (%)
A 95.6 Nizhny Novgorod, Ulyanovsk, Samara, Penza, Kirov, Orenburg, Saratov
regions, Republics of Chuvashia, Udmurtia, Mordovia, Mari El, Tatarstan,
Bashkortostan
2.0 Nizhny Novgorod, Penza, Kirov regions, Republics of Chuvashia, Udmurtia
C 0.2 Samara region
AG 0.3 Samara region
AB 0.9 Nizhny Novgorod, Ulyanovsk, Kirov, Saratov regions
CRF06_cpx 0.2 Kirov region
CRFO1_AE 0.8 Nizhny Novgorod, Samara regions, Republic of Chuvashia

molecular genetic techniques enabled to establish that
in the period of 2011-2014 A subtype continued to have
a leadership position and was revealed in 95.6+0.9%
cases on all the territories of the district, the most
frequently detected in positive patients living in Nizhny
Novgorod, Ulyanovsk, Samara regions and the Republic
of Udmurtia (p=<0.05).

The development of HIV epidemiological process
through time and sequential involvement of general
population in epidemic reflected the more frequent
subtype A detection than during the first period in patients
infected through sexual (heterosexual) transmission:
20.3+1.7% (p=<0.05) and, subsequently, the variant was
detected in children with perinatal HIV contact during the
second period: 2.4+0.6%. This viral variant compared to
the period of 2008-2010 was found in a group of HIV
positive patients in fewer cases: 77.3+1.8% (p=<0.05)
holding the dominant position.

The implementation of modern technologies, which
enable to establish genetic relationship between
nucleotide sequences of test and reference samples
(phylogenic analysis) testify that most subtypes A
isolated from HIV positive patients from PFD were
clustered around Ukrainian and Russian consensus
samples both during the first and the second periods
(Figure 2).

Variant B ranked second in the terms of detection rate
in 2011-2014 (2.0+0.6%), it circulating on five territories
of the district (Nizhny Novgorod, Penza, Kirov regions,
Republics of Udmurtia and Chuvashia). During this
period subtype B also dominated among men having
sex with men (53.8+2.2%), however, in 38.4% cases it
was isolated in heterosexual men and women, who had
had in their past history promiscuous sexual relations
with citizens of Europe, Asia, America and both within
and beyond Russia. Thus, viral distribution went beyond
a group of homo- and bisexuals (See Figure 2). During
both periods the obtained nucleotide sequences of B
variants were clustered with subtype B sequences taken
as references from GenBank, from European countries,
America, Australia, CIS, and other Russian regions.

Among the samples under study, HIV-1 subtype C
in PFD was found once, in HIV positive patient from
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Samara region, who had been working in Ethiopia and
had been infected there by sexual contact. It was proved
by phylogenic analysis (See Figure 2). the sample
obtained from this patient forms a common branch with
the variants of the same subtype from Senegal (West
Africa) and Burundi (East Africa).

Recombinant form AB was first found in Russia in
IDU of Kaliningrad region [12, 13] and for a relatively
long period it was found only there. Later, the carryings
of the virus were found in other region of Russia as well
that was proved by phylogenic analysis and represented
in our study. This variant was detected on four territories
of PFD (Nizhny Novgorod, Kirov, Saratov, Ulyanovsk
regions) with predominating frequency (66.7%) among
women infected by their husbands with a great number
of sexual contacts (rotation workers, long distance
truckers), and drug abusers from penitentiaries.
Nucleotide sequences of the strains under study of type
AB virus form a common branch with recombinants from
Kaliningrad region (Russia) and Belarus (See Figure 2).

AG variant, which is widespread in Central Asian
countries, was revealed in two HIV positive female
patients from Samara region. Both patients were
infected through sexual contacts with little-known
partners from other regions of Russia. Nucleotide
sequences of AG variants under consideration quite
expectably form a common branch with strains from
Uzbekistan and Russian strain from Krasnodar.

HIV-1 CRFO1_AE nucleotide sequences isolated in
patients from Nizhny Novgorod region and Republic of
Chuvashia form a common cluster with recombinant
strains from European countries (Slovenia, Spain),
Central Asia countries (Republics of Kazakhstan,
Uzbekistan) and Russian strains (Irkutsk, Smolensk). In
2/3 cases this recombinant was revealed in HIV positive
drug abusers.

Circulating recombinant form CRF06_cpx was found
in one woman from Kirov region. She had been infected
through sexual contacts with an HIV positive partner
from Saint Petersburg, who had had promiscuous sexual
relations in his past history. It agrees with data reported
in literature [14], which state that since 2000 in Saint
Petersburg variant CRF06_cpx has been registered
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Figure 2. Spectrum of HIV-1 subtypes circulating in constituent units of Privolzhsky Federal District. A phylogenetic tree built
based on the analysis of gene pol genome fragments of Russian and foreign HIV-1 strains

relatively frequently. This fact is clearly explained by
geographical neighborhood with Estonia, where this
HIV-1 recombinant is dominating among IDU [15], this

subtype being widespread in West African countries
in the 80-90s of the last century [16]. The phylogenic
analysis carried out confirmed genetic proximity of the
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sample under study (See Figure 2) with the strains from
Estonia, Norway and Central and West African countries
(Democratic Republic of the Congo and Burkina Faso)
forming a common cluster.

Thus, modern molecular genetic techniques enabled
to establish that the distribution of HIV-1 subtypes in
PFD complies with common regularities related to both
genetic HIV variation, and, to a greater degree, with
economic and epidemiological peculiarities of HIV-1
infection pandemic.

Itshould be noted that going further, due to the extension
of migration flows, the spectrum of HIV subtypes in
the district is likely to extend. So, in 2014, according to
census report form No.4 “Information on the findings of
HIV blood test”, there were tested 30,550 people arrived
at PFD from Ukraine for humanitarian reasons. It resulted
in 2.5 increase of HIV positive patients detected: up
to 0.3% among all foreigners, up to 0.6% among
Ukrainians. The circumstances specified are likely
to make a certain contribution to the development of
HIV infection epidemiological process inthe district
in terms of a great variety of subtypical viral structure,
the spectrum of revealed mutations of HIV resistance
to antiretroviral agents, etc. The implementation of
modern molecular technologies to study genetically
the peculiarities of human immunodeficiency virus can
serve an important tool to monitor a current situation
and prognosticate an epidemic. These methods will make
it possible to assess, study and make decisions in order
to develop preventive and epidemiological measures to
high precision and efficiently, since these techniques
are andiagnostic component of epidemiological
surveillance over HIV infection.
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