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Abstract

The development of sequencing technologies and bioinformatic analysis made it possible to conduct molecular
and epidemiological studies, in which nucleotide sequences of the human immunodeficiency virus (HIV) are
used as information added to the patient profile. From a practical perspective, studies of prevalence of HIV drug
resistance (HIVDR) are of the highest significance. To promote such studies, different countries use databases
that serve as repositories of genetic and epidemiological information. The Russian HIVDR database (https://
hivresist.ru/) was created in 2009. Nevertheless, it was characterized by limited applicability for a long time. Since
2021, after the regulatory documents had been revised and updated, the entry of HIVDR research results into
the Russian HIVDR database has been mandatory. Therefore, the priority attention has been given to upgrading
the database and improving its functional capabilities. Different methods have been developed to enter clinical,
epidemiological and genetic data. At the time of this study, the Russian database HIVDR contained 10,626 unique
records about patients and 13,126 nucleotide sequences deposited by 10 institutions. The following functions
have been provided for data analysis: quality control of the epidemiological and clinical information about a
patient, quality control of nucleotide sequences, contamination check, subtyping, detection of DR mutations,
identification of viral tropism and generation of standardized reports. The efforts toward further development of
the Russian HIVDR database will be focused on designing tools for detection and analysis of molecular clusters,
adaptation to routine application for epidemiological surveillance of HIV infection.

Keywords: HIV, drug resistance, database, nucleotide sequence, quality control, subtyping, molecular clusters,
molecular epidemiology
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Poccninckan 6asa paHHbix ycronunsoctu BUY
K aHTUPEeTPOBUPYCHbIM NpenapaTtam

Kupees [.E.”, KupnueHko A.A., JlonatyxuH A.3., LLUnbikoBa A.B., FankuH H.10.,
CaBenbep E.B., lnasoB M.b., lMNokposBckui B.B., AKUMKINH B.T.

LleHTpanbHbI Hay4YHO-MCCNIef0BaTENIbCKUN MHCTUTYT anuaemuonorumn PocnotpebHaasopa, Mockea, Poccua

AHHOMauus

Pa3Butre TEXHONOrMI CekBeHWpoBaHus U BUOMHOPMAaTUYECKOrO aHanmsa Aano BO3MOXHOCTb NPOBEAEHUS
MOSEKYNSPHO-3NMAEMNOINOTMYECKNX MCCNeoBaHUIN, B KOTOPbIX HYKNEeoTUAHbIe NocrnenoBaTenbHOCTU Bupyca
ummyHopedmunta yenoseka (BUY) ncnonb3yoTcs B KadecTBe AOMOMHUTENbHOM XapaKTepUCTUKU MauueHTa.
Mpu aToM Hanbonee 3HaYNMbIM C NMPAKTUYECKON TOUKU 3PEHNSI HaMpaBieHWeEM paboT siIBNSETCA U3ydeHne pac-
NpOCTPaHeHUs nekapcTBeHHoM yctonunsoctu (1Y) BUY. B pasnuyHbix cTpaHax Anst opraHM3auum Takux nccne-
AOBaHUM NpUMeHSATCA 6a3bl AaHHbIX, ABMAOLMECS XPaHWUITULLEAMU FEeHETUYECKON U 3ANMAEMMNONOrMYECKON MNH-
dopmaummn. Poccuiickasi 6a3a gaHHbIX ycTonunsocT BUY k aHTupeTpoBupycHbiM npenapatam (https://hivresist.
ru/) 6eina cozgaHa B 2009 r. Tem He MeHee OnNUTENbHOE BpPeMsi €€ NPUMEHEHNE OCTaBanoch OrpaHUYEHHbIM.
C 2021 r. nocne 06HOBNEHNsST HOPMATMBHBIX OKYMEHTOB BHECEHWUE pe3ynbTaTtoB nccriegosanuii J1TY BUY B poc-
cuickyto 6a3y aaHHbIX ycTonumBocTn BUY k aHTMpeTpoBupycHbIM NpenapaTtam ctano obssatensHeiM. B cBa3m
C 3TMM GbINK NpoBeAeHbl paboTbl N0 YyCOBEPLUEHCTBOBaHWIO 6a3bl AaHHbIX Y yBEMMYEHNIO €€ DYHKLMOHAMNbHbIX
BO3MOXHOCTEW. bbinu paspaboTaHbl pa3nMyHbie Cnocobbl BHECEHUS KIMMHUKO-3NNAEMNONOrMYECKNX N reHeTnYe-
CKMX AaHHbIX. Ha MOMeHT HanucaHusa nybnukauum poccuinckas 6asa gaHHbix JTY BUY cogepxxana 10 626 yHu-
KanbHbIX 3anucen o nauyeHTtax u 13 126 HykneoTuaHbIX nocrneaoBaTenbHOCTEN, 3arpy>KeHHbIX 10 yupexaeHus-
Mu. [Ins aHanu3a gaHHbiX Obinn pa3paboTaHbl cnegyowme pyHKUUN: KOHTPOSb KayecTBa annaemMmnorormyeckon
N KNUHMYECKOM MHdOopMaLMK O NauueHTe, KOHTPOSb KAYeCTBa HYKNeoTUAHbIX NOCNenoBaTerlbHOCTEN, MPOBEpKa
Ha KOHTaMuHaLuio, cy6TUNMpoBaHue, BbisiBreHe MyTauuii J1Y, onpegeneHme BUpycHOro TponuamMa v reHepaums
CTaHAapTM3NpOoBaHHbIX OTYETOB. B nnaHax no ganbHenwemy passutuio poccuickorn 6asel gaHHbIx JTY BUY —
pa3paboTka MHCTPYMEHTa Ans BbISIBNIEHUS U aHanM3a MOMEeKymnsipHbIX KNacTepoB U ajantauns aAnst pyTUHHOMo
Mcnonb30BaHWs B paMKax anugemuonormyeckoro Hagsopa 3a BUY-nHdpekumen.

KnroueBble cnoBa: BUY, nekapcmeeHHas ycmouldueocmb, ba3a OaHHbIX, HyKrneomudHas rocrnedosamerib-
HOCMb, KOHMPOJIb Ka4ecmeaa, cybmunuposaHue, MOMEKYSPHbIE KIIacmepbl, MOMEKyIsapHas anudemuosnoausi

BnarogapHocTu. ABTOpbI BbipaxatoT 6rnarogapHocTb Cepreto Bnagumuposudy LLTpeky, 3aBegytowemy nabopato-
pven Omckoro HN npupoaHo-ovarosbix MHMeKumn Crnbupckoro deagepanbHOro OKPYXXHOrO LieHTpa no npodunak-
Tuke u 6opbbe co CIMNWA; Hatanbe HukonaesHe 3aiiueBon, aupekTopy, n Onbre OpbeBHe MNekweBon, 3aBeayoLuei
nabopartopuen MOnNeKynspHO-reHETUYECKNX U CEPONOrMYecknx meTodos mccnegosanHns Hukeropogckoro HAW anu-
aemuonorum u Mukpobuonorum um. akagemuka W.H. BrnioxvuHon; Muxauny BanepbeBudy MNMutepckomMy, pykoBoauTento
YpanbCckoro oKpy>Horo LieHTpa no npodunaktuke n 6opsbe co CrNNL EkatepmHbyprckoro HAM BupyCcHbIX nHbekumn;
CsetnaHe BnagmmunpoBHe AuwieHko, 3aBeaytoLlert nabopatopueit 6akTepronornyeckmx U MoneKynspHo-reHeTUYeCcKmx
nccnenosaHuin KpacHosipckoro KpaeBoro LeHTpa npodunaktikm n 6opebbl co CIMW[; Hatanse BnagummnposHe du-
TIOHIOK, 3aBefyloLLen KMMHUKO-UMMYHoMorn4yeckon nabopatopuent Jlunewkoro obnacTHoro LeHTpa no npodunaktuke
n 6opbbe co CMNNA n nHdekumoHHbIMM 3abonesannamu; Angpeto Bopucosudy LLiemiuype, Bpady knuHuyeckon nabo-
paTopHOW AnarHOCTUKM KnnHnyeckoro LeHTpa npodunaktukm n 6opbbbl co CMNL MuHucTtepcTBa 30paBoOXpaHeHUs
KpacHogapckoro kpasi; Omutpuio Cepreesndy KonnakoBy, 3aBeaytoLeMy KIMHUKO-AWArHOCTUYecKon naboparopuen
Poctosckoro HW mukpobuonorum n napasutonornv; MapuHe PugosHe BobkoBoii, 3aBeaytoLLein nabopatopuert BUpYy-
coB nenko3os HALIOM nm. H.®. Namaneu; Banepuu OnerosHe KotoBon, 3aBeaytoLen nabopartopuen anuaeMmmonorum
1 npocpunakTukn BUpycHbix renatntoB u ClMOa Xabaposckoro HAW anugemmonorum n mukpobronorum 3a BHeceHne
MOMEKYNAPHON, 3NMMAEMNONOrMYECKON N KNMHUYECKON nHcpopmaummn B Poccuiickyto 6asy AaHHbIX ycTonunsoctn BUY
K aHTUPETPOBMPYCHBIM MpenapaTam.

UcTtouHuk cpuHaHcupoBaHuA. Pabota BbinonHeHa B pamkax BHyTpeHHero rpaHta LIHWW 3nugemuonorum Pocno-
TpebHaa3opa Ha yHaaMeHTanbHoe uccnenoBaHne «Passutue Poccuinckor 6a3sbl 4aHHbIX TeKapCTBEHHOW YCTOWYN-
BoCTU BNY-1 Kk aHTUPETPOBMPYCHBIM NpenapaTam».

KoHbnUKT MHTepecoB. ABTOPLI AeKNapupyoT OTCYTCTBUE SIBHBIX U MOTEHLMATbHLIX KOH(IMKTOB MHTEPECOB, CBSA3aH-
HbIX C NyBnvKauueit HacTosILLel cTaTb.

Ansi yumupoeaHus: Kupees [.E., Kupnuenko A.A., NlonatyxuH A.3., WnbikoBa A.B., Mankux H.1O., Casenbep E.B.,
ma3soB M.B., Mokposckuii B.B., AkumkuH B.I. Poccuiickas 6asa gaHHbix yctonumBocTu BUY k aHTMpPEeTpoBUPYCHBIM
npenapartam. XKypHan mukpobuonoauu, snudemuonozauu u ummyHobuonoauu. 2023;100:online-first.
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Introduction

Molecular and genetic technologies have be-
come indispensable tools in diagnosis, epidemiology,
and treatment of infectious diseases. For more than 20
years, methods of identification of nucleotide sequenc-
es (NS) of the human immunodeficiency virus (HIV)
have been used for detecting drug resistance (DR) of
the virus and subsequent assessment of effectiveness of
antiretrovirals (ARVs). With the growing number of ex-
isting drugs and patients receiving antiretroviral therapy
(ART), the significance of the analysis and the number
of related studies are increasing. In the meantime, the
intermediate results of virus DR studies, namely NS,
can also be used in epidemiology to study patterns of
the virus spread. In this case, information about the vi-
rus can be seen as an additional parameter, which is an-
alyzed together with epidemiological, clinical, and de-
mographic characteristics of a HI V-infected individual.
Being an objective parameter, NS are especially useful
in studies of diseases difficult to diagnose, chronic, and
associated with a high level of stigma.

Therefore, storage of molecular data and relat-
ed information about a patient, including their further
analysis, is an important aspect of the research on ep-
idemiology of HIV infection. There are continuously
expanded national and regional HIV NS databases.
The most complete national databases in Switzerland
[1] and the United Kingdom [2] contain information
about more than 50% of HIV-infected residents of
these countries. Genetic data on the virus are added to
these databases mainly through HIVDR studies per-
formed during routine healthcare delivery to HIV-in-
fected individuals.

The growth rate of the HIV infection epidemic in
Russia is much higher than the respective rates in de-
veloped countries. In 2021, the reported incidence rate
was 48.7 per 100,000 population, while the prevalence
rate was 782.0 per 100,000 population. At the end of
2021, there were 1,137,596 people living with HIV in
Russia and more than 660,000 people took ARVs. In
the meantime, every year, more than 15% of patients
taking ARVs do not reach an undetectable viral load'.
According to the standard healthcare requirement, HIV
drug resistance tests should be available to each tenth
patient with HIV two times a year?.

Considering the scale of the epidemic and the re-
quirements of the regulatory documents, Russia needs
more than 100,000 HIVDR-related tests annually.

' HIV infection in the Russian Federation as of 31/12/2021. AIDS
Prevention and Control Report of the Central Research Institute
of Epidemiology, Rospotrebnadzor. URL: http://www.hivrussia.
info/wp-content/uploads/2022/03/Spravka-VICH-v-Rossii-na-
31.12.2021-g.pdf

2 Decree No. 438n of the Ministry of Health of the Russian Fe-
deration, 23/6/2022, On Approval of the Standard for the Primary
Healthcare for Adults with HIV Infection (Diagnostics, Treat-
ment, and Follow-Up Monitoring).

However, due to high costs, labor inputs, and insuffi-
cient equipment of laboratories at centers for preven-
tion and control of AIDS and infectious diseases (AIDS
centers), the actual number of tests is less than 10%.
In 2020 and 2021, the total number of reagent kits pur-
chased for HIVDR tests was 7,438 and 7,232, respec-
tively®. Therefore, due to the objective reasons, with the
same financial support provided to the AIDS centers
and the same sequencing technologies used in Russia,
the required coverage of HIV-positive individuals by
DR tests will not be reached. In addition, the results of
the existing few HIV drug resistance tests are often un-
available for further epidemiological studies due to the
absence of the tool for collection, storage, and analysis
of the information.

To minimize losses of virus-related genetic data
and to monitor HIVDR, the Central Research Insti-
tute of Epidemiology of Rospotrebnadzor created a
Russian database of HIV resistance to ARVs (RDB;
https://www.hivresist.ru/). The use of RDB was first
governed by the methodological guidelines of 2013*
and then by the methodological instructions of 2016.°
Starting from 2021, in accordance with the revised San-
itary Regulations and Standards 3.3686-21°, all AIDS
centers have to deposit NS obtained during HIVDR
tests and the related depersonalized information about
patients to RDB.

Acquisition of genetic information about the virus
and its subsequent bioinformatic analysis can improve
the effectiveness of epidemiological surveillance of
HIV infection, improve the quality of healthcare de-
livery and, eventually, contribute to reduction in new
cases. The advanced analysis techniques have entailed
improvement of RDB.

The purpose of the article was to describe the
functional capabilities of the Russian HIV antiviral
drug resistance database with reference to the NS anal-
ysis and related information about patients.

Programming languages
and bioinformatic methods
The internal part of RDB is accessible only to
registered users and is supported by PHP, JS, HTML,
CSS languages. The external part is accessible to any

3 The International Treatment Preparedness Coalition, Eastern
Europe, and Central Asia. Analysis of Purchases of Diagnostic
Tools for HIV Treatment in Russia in 2020-2021. 2022. URL:
https://itpc-eeca.org/wp-content/uploads/2022/07/monitoring-
testov-vich-2020-21-gg-1.pdf

4 Methodological guidelines "Monitoring of the Spread of HIV
Strains Resistant to Antiviral Drugs". Moscow, 2013.

5 Epidemiological Surveillance of HIV infection. Methodological
instructions. Moscow, 2016.

6 Resolution No. 4 of the Chief Public Health Officer of the Rus-
sian Federation, 28/1/2021, On Approval of Sanitary Regulations
and Standards 3.3686-21 "Sanitary and Epidemiological Re-
quirements for Prevention of Infectious Diseases" (as amended
on May 25, 2022)".
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user of the Internet and operates on the Bitrix plat-
form.

The statistics is updated automatically at the
specified time intervals. The data for the home page
are acquired through API (Application Programming
Interface) in the json format. Charts displayed on the
home page of the website are built using the ChartJS
library.

The analysis of NS for identification of subtypes,
for the presence of resistance mutations and DR to
ARVs was performed using resources of the database
of the Stanford University (https://hivdb.stanford.edu/).

The assessment of NS encoding the V3 loop for
viral tropism was performed using the resource of the
Max Planck Institute for Informatics (https://corecep-
tor.geno2pheno.org/).

The uploaded NS were screened for contamina-
tion using the BLAST (Basic Local Alignment Search)
tool. The threshold was set at the 98% and 99% levels
of absolute and relative genetic similarity between NS.

Entry of information into the database

There are two options for uploading information.
In the first option, information is entered manually for
each patient. This option is recommended when data
are added to the database regularly.

Different methods of filling fields in a patient card
are offered to make information entry easier. The first
method includes a drop-down list and a selection of the
offered options, thus eliminating the risk of errors asso-
ciated with manual entry. It is backed up by directories
containing information about cities/towns/localities,
ARVs, codes related to causes of HIV infection and
HIV testing. The second method is used for automatic
selection of the region of residence and federal district
when the city of residence is entered. The third meth-
od is used for selection of multiple ARVs. All methods
have prompts and filters. The filters offer the selection
between the full and short name of an ARV from the
drop-down list.

Any changeable variables such as HIV RNA le-
vels or CD4 cell counts can be added to the patient card
at any time. The accuracy of records is constantly mon-
itored; for example, the initial treatment date cannot be
later than the date of its completion. All the detected
errors are highlighted with red color to be noticeable to
the user. Autofill and flash fill features are provided. If
any changes in the existing lists are required, including
addition of new ARVs, the directories can be amended
by RDB administrators.

The second option is used when data on multiple
patients must be entered to a spreadsheet that is up-
loaded to the database. The spreadsheet template can
be downloaded by any user and is available in the user
account in RDB.

At any time, users can go back to the already add-
ed patients to update the information or add new data.

REVIEWS

Quality control of information entered
into the database

Quality control of epidemiological
and clinical information about patients
in uploaded spreadsheets

When using spreadsheets for bulk upload, the da-
tabase provides the following screening features:

* screening for accuracy of filling the template;

* screening for identical reference numbers of

patient cards;

* matching the reference numbers of new patient

cards against the numbers existing in RDB;

* verification of the new information about the

patient against the existing data.

In all cases, if any duplicate is detected, when up-
loading records of the patient, whose data exist in RDB,
the system asks the user to confirm that the new infor-
mation does not contain any errors, and after the con-
firmation is received, the new information is added to
the existing records. The system searches for duplicate
entries by matching reference numbers of cards and by
the matching combination of the patient’s date of birth,
the date of their first positive immunoblot, and the pa-
tient’s sex.

Quality control of nucleotide
sequences

To evaluate the quality of new NS, we have devel-
oped an algorithm with the following parameters: the
number of the first amino acid coded by NS; the number
of the last amino acid coded by NS; the number of read-
ing frame shifts, insertions/deletions, stop codons, de-
generate positions, APOBEC, and atypical mutations.
New NS are analyzed using the offered algorithm and,
if any NS of inadequate quality is detected, are marked
by respective flags. The user is offered several options:
To delete the flagged NS from the pool intended for up-
load or to edit and upload the edited NS or to upload
NS as they are, without any changes. To prevent any
errors in the results of subsequent analyses when they
fail the quality control, NS are marked as controversial
and are not used in further data analysis and generation
of standardized reports.

Contamination screening

To detect any contamination of specimens, which
may have occurred during the test, we have developed
a program to measure the genetic similarity of the new
NS uploaded to RDB. After the fasta file with the new
and existing NS is converted into a binary format, ge-
netic similarity is measured for different NS groups
(within one group uploaded to the database at the same
time; within the group uploaded to the database in the
last 3 months; within all NS uploaded by a specific in-
stitution). If any abnormally high genetic similarity be-
tween the analyzed NS has been identified, the program
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marks these NS and notifies the user about possible
contamination.

Analysis of entered information,
export of data and generation of reports

Analysis of nucleotide sequences

The automated NS analysis is performed using
specially developed tools. At present, functional capa-
bilities RDB are implemented through the most prac-
tically important set of tools for genetic data analysis.
The analysis is performed when HIV NS are uploaded
to RDB.

Genetic variants are identified using the algorithm
of the Stanford University. RDB exports NS to the uni-
versity website and then retrieves the information about
the specified genetic variants.

NS are assessed for presence of ARV resistance
mutations using the Stanford database. The sequence
is exported for the remote analysis and then the results
of analysis are imported, including automatic transla-
tion into Russian language. Upon the completion of the
analysis, the HIVDR information is stored in the pa-
tient’s individual card and can be exported as an Excel
spreadsheet or *.pdf file.

Viral tropism assessment is performed in RDB
when NS of the HIV gp120 envelope protein V3 loop
region are uploaded. The assessment is performed us-
ing the geno2pheno algorithm developed at the Max
Planck Institute for Informatics [3]. Then the informa-
tion about viral tropism is added to the patient’s indi-
vidual card.

Data download and report generation

Download functions are available both for all the
existing data and for part of the uploaded information.
Filters with main parameters can be used for download-
ed information, including the date of upload, the date
of blood collection, the date of diagnosis, the history
of ARV taking, etc. In addition, patient cards can be
downloaded in the *.pdf format.

The additional feature includes generation of a
standardized report based on the analysis of uploaded
data. The system collects the required data in RDB, an-
alyzes these data and generates a standardized annual
report. The report contains text fields, which users can
edit and update when required; it also has tables con-
taining data on patients and on prevalence of HIVDR
mutations in the region. The report also includes sta-
tistical data on the sex of patients, the infection routes,
HIVDR. Generated reports can be stored for further use
or downloaded in the *.pdf format. In addition, users
can download statistical graphs to use them in their re-
ports or presentations.

Number of users and amount of uploaded data

On 1/7/2022, a total of 10 users were registered in
RDB. The total number of unique records about patients
was 10,626 and the total number of NS was 13,126. The
numbers of records about patients and NS uploaded by
registered users are shown in Table 1.

Since molecular and epidemiological studies re-
quire clinical and epidemiological information, special
attention was given to acquisition of data on the pa-
tient’s sex, age, region of residence, presumed route of

Table 1. Information about users of the Russian HIV-1 antiviral drug resistance database and the amount of uploaded

information

Institution

Number of patients Number of sequences (genome region)

(records) pro-rev int | pro-rev-int| env full
Siberian Federal District Center for the Prevention and Control 1548 1548 0 0 0 0
of AIDS, Omsk Research Institute of Natural Focal Infections
Nizhny Novgorod Research Institute of Epidemiology and 82 82 0 0 0 0
Microbiology named after academician |.N. Blokhina
Yekaterinburg Research Institute of Viral Infections 265 275 0 0 0 0
Krasnoyarsk Regional Center for Prevention and Control of AIDS 62 62 0 0 0 0
Lipetsk Regional Center for the Prevention and Control of AIDS 57 57 0 0 0 0
and Infectious Diseases
Clinical Center for the Prevention and Control of AIDS 10 10 0 0 0 0
of the Ministry of Health of the Krasnodar Territory
Rostov Research Institute of Microbiology and Parasitology 175 175 0 0 0 0
N.F. Gamaleya Research Center of Epidemiology and Microbiology 3544 3544 24 0 93 0
Central Research Institute for Epidemiology 4801 4729 899 293 857 396
Khabarovsk Research Institute of Epidemiology and Microbiology 82 82 0 0 0 0
Total 10 626 10564 923 293 950 396

Note. Pro-rev — protease gene NS and 2/3 reverse transcriptase gene NS; int — integrase gene NS; pro-rev-int — protease, reverse
transcriptase and integrase gene NS; env — gp120 V3 loop protein NS; full — NS of the entire coding region of HIV genome.
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Table 2. Completeness of clinical and epidemiological information in patient records available in RDB

Patient profile

Patient records

n %
Sex available 10490 98,7
no data 136 1,3
Year of birth available 10 281 96,8
no data 345 3,2
Year of the first positive immunoblot available 10 344 97,3
no data 282 2,7
Alleged route of infection available 7998 75,3
no data 2628 24,7
Information about ARV treatment history available 10 295 96,9
no data 331 3,1
Region of residence available 10 143 95,5
no data 483 4,5
Information about ART regimens available 4342 81,2
no data 1005 18,8

infection, and the date of diagnosis as well as the pa-
tient’s history of taking ARVs and administered ART
regimens. Information about such data is shown in
Table 2.

Copyright and data exchange
between users

Any institution that has its user account has an ac-
cess to all the above mentioned tools of the database
and the information uploaded by employees of the in-
stitution. The information uploaded by employees of
other institutions can also be accessible, provided that
the institution has granted access. Thus, on the one
hand, RBD ensures confidentiality of the uploaded in-
formation. On the other hand, it offers the possibility of
fast exchange and joint analysis of collective data when
several institutions perform joint scientific and clinical
studies.

Conclusion

Collection and storage of genetic information
about the pathogen and the related information about
patients are of exceptional importance, and at the pres-
ent stage, the centralized analysis of these data is instru-
mental in addressing epidemiological issues. For exam-
ple, the Virus Genome Aggregator of Russia (VGARus)
[4], which was created during the COVID-19 pande-
mic, has demonstrated its indispensability in monitor-
ing of emerging viral variants and in the assessment of
their contagiousness.

For HIV infection, there are respective databases,
which are used for different purposes. Some resear-
chers use them to analyze general trends of epidemic
development [5, 6]; others use them for decisions on
epidemic control measures [7]. The most popular HIV

infection research areas in Russia, where the database
can be of high benefit, include DR studies [8] and the
analysis of spread patterns of different genetic variants
of the virus [9].

The most important characteristics of any data-
base are the amount of information, which it contains,
and functions addressing the specific tasks. They are
especially important for performance of molecular and
epidemiological studies, as the absence of the required
analysis tools turns the database into an ordinary repos-
itory, making it similar to spreadsheets, while the small
amount of information significantly affects the reliabil-
ity of research results.

The requirement for uploading HIV NS and the
related information about patients to the Russian HIV
antiviral drug resistance database in compliance with
the Sanitary Regulations and Standards 3.3686-21 of-
fers promising prospects that the amount of uploaded
information will increase in future. For this reason, one
of the priority tasks is to improve functional capabili-
ties of RDB. Due to the modifications that facilitated
the speed and easiness of uploading information, the
number of records entered into RDB has significantly
increased in the last years. By 1/11/2022, the number
of the most important protease and reverse transcrip-
tase gene sequences had increased to more than 10,000.
They outnumber the publicly available Russian HIV
sequences deposited to the Global HIV Database of
the Los Alamos National Laboratory (https://hiv.lanl.
gov). Currently, it contains a total of 8,875 sequences
deposited from Russia. It should be noted that in RDB,
each entry is provided with a much larger amount of
epidemiological and clinical information. In the Glo-
bal HIV Database, the information about some import-
ant details such as the date of diagnosis, the region of
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residence and ART regimens is absent, while in other
databases, the information about the presumed route of
transmission (54.2%), the patient’s sex (43.9%), and
age (16.9%) is missing in many records.

The user-friendly method offered in RDB for
entering patients’ characteristics helped increase the
amount of collected information; the data on the sex,
age, date of diagnosis, presumed route of infection, re-
gion of residence, and history of ARV taking are filled
at 93.4%. Thus, according to the Rospotrebnadzor data
on HIV infection in Russia as of 31/12/2021, the per-
centage of HIV-infected Russian citizens with known
HIV NS is 0.66% of the total number of detected cases
of infection (1,562,570 cases) and 0.90% of the number
of individuals living with HIV (1,137,596 people).

In addition to the increased number of records
in RDB, the quality of uploaded information has im-
proved significantly. The automated quality control de-
creases the risk of errors in clinical and epidemiological
characteristics of patients; it also minimizes the risk of
uploading false data regarding NS. We have found that
up to 5% of the uploaded NS are identical to each other,
demonstrating the discrepancy with the epidemiologi-
cal data of patients. This situation can take place either
due to errors during copying and entering data about
patients or due to contamination. Here, contamination
is defined as contamination of one clinical specimen by
another specimen during the test at a laboratory. Re-
gardless of the reason for present of identical HIV NS
in different patients, such error can have a disastrous
effect. Patients will receive the results of the DR ana-

lysis for the virus they are not infected with. The newly
developed contamination screening tool eliminates any
risk of such errors [10].

Other important, newly added features include
automated subtyping, detection of DR mutations and
identification of viral tropism. For example, DR data
can be used not only at the individual, but also at the
population level. Information about the DR structure
and prevalence can be used in choosing ART regimens
based on national recommendations or in decisions on
purchasing of ARVs.

Our further plans include development of a more
complex and advanced tool for bioinformatic analysis.
Detection of molecular clusters is essential for studies
in molecular epidemiology [11, 12]. This function will
be available to RDB users in the near future.

Upgrading and updating of RDB will help im-
prove the security of virus-related genetic information
obtained from HIVDR tests in Russia and increase the
quality of studies in molecular epidemiology of HIV
infection. The increased number of tests and continuous
expansion of RDB through adding new information will
expedite its use in the routine epidemiological practice.
The detected molecular clusters will help healthcare
specialists identify vulnerable groups and administra-
tive districts characterized by rapid virus transmission,
thus contributing to enhancing the effectiveness of epi-
demic control measures. Thus, in the foreseeable future,
RDB can change its status of a solely scientific tool and
become a significant component of the epidemiological
surveillance.



226

JOURNAL OF MICROBIOLOGY, EPIDEMIOLOGY AND IMMUNOBIOLOGY. 2023;100(2)

DOI: https://doi.org/10.36233/0372-9311-345

REFERENCES

. Scherrer A.U., Traytel A., Braun D.L., et al. Cohort profile
update: The Swiss HIV Cohort Study (SHCS). Int. J. Epidemi-
ol. 2022;51(1):33-4;.

DOI: https://doi.org/10.1093/ije/dyab141

. Dunn D., Pillay D. UK HIV drug resistance database: back-
ground and recent outputs. J. HIV Ther. 2007;12(4):97-8.

. Lengauer T., Sander O., Sierra S. et al. Bioinformat-
ics prediction of HIV coreceptor usage. Nat. Biotechnol.
2007;25(12):1407-10.

DOI: https://doi.org/10.1038/nbt1371

. Akimkin V.G., Semenenko T.A., Ugleva S.V., et al. COVID-19
in Russia: epidemiology and molecular genetic monitoring. Vest-
nik Rossiyskoy akademii meditsinskikh nauk. 2022;77(4):254—
60. DOL: https://doi.org/10.15690/vramn2121

. Kusejko K., Salazar-Vizcaya L., Shah C., et al. Sustained effect
on hepatitis ¢ elimination among men who have sex with men
in the Swiss HIV cohort study: a systematic re-screening for
hepatitis C RNA two years following a nation-wide elimination
program. Clin. Infect. Dis. 2022;75(10):1723-31.

DOI: https://doi.org/10.1093/cid/ciac273

10.

REVIEWS

. Kusejko K., Marzel A., Nguyen H., et al. Differences in social

and mental well-being of long-term survivors among people
who inject drugs and other participants in the Swiss HIV Cohort
Study: 1980-2018. Antivir. Ther. 2020;25(1):43-54.

DOTI: https://doi.org/10.3851/IMP3347

. Poon A F., Gustafson R., Daly P., et al. Near real-time monitoring

of HIV transmission hotspots from routine HIV genotyping: an
implementation case study. Lancet HIV. 2016;3(5):e231-8.
DOI: https://doi.org/10.1016/52352-3018(16)00046-1

. Ebbert M.T., Mallory M.A., Wilson A.R., et al. Application of

a new informatics tool for contamination screening in the HIV
sequencing laboratory. J. Clin. Virol. 2013;57(3):249-53.
DOTI: https://doi.org/10.1016/j.jcv.2013.03.013

. Hassan A.S., Pybus O.G., Sanders E.J., Albert J., Esbjornsson J.

Defining HIV-1 transmission clusters based on sequence data.
AIDS. 2017;31(9):1211-22.

DOI: https://doi.org/10.1097/QAD.0000000000001470
Kosakovsky Pond S.L., Weaver S., et al. HIV-TRACE (TRAns-
mission Cluster Engine): a tool for large scale molecular epide-
miology of HIV-1 and other rapidly evolving pathogens. Mol.
Biol. Evol. 2018;35(7):1812-9.

DOI: https://doi.org/10.1093/molbev/msy016



KYPHAJ1 MUKPOBMOJTOTUW, SMTMAEMUONOTNU U UMMYHOBUOJOTMIA. 2023;100(2) 227

DOI: https://doi.org/10.36233/0372-9311-345

OB30PbI

Nudopmaums o6 aBTopax

Kupees [Imumputi EgzeHbesuy™ — k.6.H., 3aB. nab. AUarHoCTUKM 1
mMonekynsipHow anugemuonorun BUY-undpekunn LHAN Snngemuno-
norumn, Mockea, Poccus, dmitkireev@yandex.ru,
https://orcid.org/0000-0002-7896-2379

Kupuuyerko AnuHa AnekceeeHa — H.C. nab. AMarHOCTVKM U Morne-
KynspHoun anugemuonorun BUY-nudekunmn LUHNW Snuaemunonorum,
Mocksa, Poccus, https://orcid.org/0000-0002-7116-0138

JlonamyxuH Anekceli 3dyapdoguy — H.c. Nab. AUarHOCTWKM 1 Morne-
KynsipHoun anngemwuonorun BUY-undekuun LIHW Snugemunonorun,
Mocksa, Poccus, https://orcid.org/0000-0002-2826-699X

Llinbikoea AHacmacusi BeHuamMuHosHa — H.C. nab. OUarHOCTUKN U
MonekynspHon anngemwuonornm BUY-nHdekumn UHUAWN Snugemno-
norun, Mocksa, Poccusi, https://orcid.org/0000-0002-1390-8021

lankun Hukonal KOpbesuy — cTapLunii NporpaMMucT nHcpopmMaum-
OHHbIX CUCTEM LIEHTPa Mo Pa3BUTMIO MH(POPMALIMOHHBIX TEXHOMOrUIA
n cuctem LUHWN 3nngemuonorun, Mockea, Poccus,
https://orcid.org/0000-0002-2144-8774

Casenbep EszeHuli Bukmopogu4y — pyKOBOAMUTENb rpynmnbl pa3pa-
60TKM MHPOPMALIMOHHBIX CUCTEM LieHTpa No pasBUTUI0 MHOpMaLn-
OHHbIX TexHonorui u cuctem LUHUN 3Snnagemunonorun, Mocksa, Poc-
cus, https://orcid.org/0000-0003-2811-8097

ma3oe Makcum Bopucosuy — pyKOBOAUTENb LieHTpa Mo pas3BUTULO
MHMOPMAaLMOHHbIX TexHonorui u cuctem LIHWA 3nupgemunonorun,
Mocksa, Poccus, https://orcid.org/0000-0002-2195-1580

lMokpoeckuli Badum BaneHmuHosu4y — A.M.H., npodpeccop, akage-
Muk PAH, 3aB. cneunannsnpoBaHHbIM OTAENOM MO 3MNUMAEMUONOrN
n npodumnaktuke ClMiNOda UHNW Snngemuonornn, Mocksea, Poccus,
https://orcid.org/0000-0002-9514-7288

AkumKuH Bacunutli leHHadbesu4Y — A.M.H., npodeccop, akagemuk
PAH, oupektop LUHW Snuagemunonormumn, Mockea, Poccus,
https://orcid.org/0000-0003-4228-9044

Yyacmue aemopoe. Bce aBTOpblI BHECNU CYLLECTBEHHbIV BKMNaz B

npoeegeHue NOMCKOBO-aHaNUTUYECKON pa60TbI M NoaroToBkKy cTa-

TbW, NPOYNU 1 0J00PUNM MHANBHYI0 BEPCUIO A0 Nybnmkaumu.
Cratbsi noctynuna B pegakuuio 24.11.2022;

npuHaTa K nyénukaumm 01.02.2023;
onybnukosaHa 28.03.2023

Information about the authors

Dmitry E. Kireev™® — Cand. Sci. (Biol.), Head, HIV diagnostic and
molecular epidemiology laboratory, Central Research Institute for
Epidemiology, Moscow, Russia, dmitkireev@yandex.ru,
https://orcid.org/0000-0002-7896-2379

Alina A. Kirichenko — researcher, HIV diagnostic and molecular ep-
idemiology laboratory, Central Research Institute for Epidemiology,
Moscow, Russia, https://orcid.org/0000-0002-7116-0138

Alexey E. Lopatukhin — researcher, HIV diagnostic and molecular
epidemiology laboratory, Central Research Institute for Epidemiology,
Moscow, Russia, https://orcid.org/0000-0002-2826-699X

Anastasia V. Shlykova — researcher, HIV diagnostic and molecular
epidemiology laboratory, Central Research Institute for Epidemiology,
Moscow, Russia, https://orcid.org/0000-0002-1390-8021.

Nikolai Yu. Galkin — senior programmer, Center for the development
of information technologies and systems, Central Research Institute
for Epidemiology, Moscow, Russia,
https://orcid.org/0000-0002-2144-8774

Evgenii V. Saveler — Group Head, Center for the development of
information technologies and systems, Central Research Institute for
Epidemiology, Moscow, Russia,
https://orcid.org/0000-0003-2811-8097

Maxim B. Glazov — Head, Center for the development of information
technologies and systems, Central Research Institute for Epidemiolo-
gy, Moscow, Russia, https://orcid.org/0000-0002-2195-1580

Vadim V. Pokrovsky — D. Sci. (Med.), Prof., Full Member of RAS,
Head, HIV department, Central Research Institute for Epidemiology,
Moscow, Russia, https://orcid.org/0000-0002-9514-7288

Vasily G. Akimkin — D. Sci. (Med.), Prof., Full Member of RAS, Di-
rector, Central Research Institute for Epidemiology, Moscow, Russia,
https://orcid.org/0000-0003-4228-9044

Author contribution. All authors made a substantial contribution to

the conception of the work, acquisition, analysis, interpretation of da-

ta for the work, drafting and revising the work, final approval of the
version to be published.

The article was submitted 24.11.2022;

accepted for publication 01.02.2023;

published 28.03.2023


mailto:dmitkireev@yandex.ru
https://orcid.org/0000-0002-7896-2379
https://orcid.org/0000-0002-7116-0138
https://orcid.org/0000-0002-2826-699X
https://orcid.org/0000-0002-1390-8021
https://orcid.org/0000-0002-2144-8774
https://orcid.org/0000-0003-2811-
https://orcid.org/0000-0002-2195-1580
https://orcid.org/0000-0002-9514-7288
https://orcid.org/0000-0003-4228-9044
mailto:dmitkireev@yandex.ru
https://orcid.org/0000-0002-7896-2379
https://orcid.org/0000-0002-7116-0138
https://orcid.org/0000-0002-2826-699X
https://orcid.org/0000-0002-1390-8021
https://orcid.org/0000-0002-2144-
https://orcid.org/0000-0003-2811-
https://orcid.org/0000-0002-2195-1580
https://orcid.org/0000-0002-9514-7288
https://orcid.org/0000-0003-4228-9044

