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MOLECULAR BIOLOGY APPLICATIONS OF THE RED KING CRAB DUPLEX-SPECIFIC NUCLEASE
Shagin DA, Rebrikov DV'? &

" Center for Precision Genome Editing and Genetic Technologies for Biomedicine, Pirogov Russian National Research Medical University, Moscow, Russia
2 Kulakov National Medical Research Center for Obstetrics, Gynecology and Perinatology, Moscow, Russia

Duplex-specific nuclease (DSN) from hepatopancreas of the craboid Paralithodes camtschaticus (red king crab) has a unique combination of properties. Along with
thermal stability and a high optimal temperature of catalysis, this enzyme exhibits high substrate selectivity, cleaving only DNA in duplexes (DNA-DNA or DNA-RNA).
Accordingly, it digests neither single strands (nor single-stranded regions) of DNA, nor RNA strands with any secondary structure. Such properties make it possible
to create unique protocols based on DSN, which is also an important object of fundamental research in the field of nuclease evolution. The review considers diverse
applications of the red king crab DSN in modern methods of molecular biology.

Keywords: duplex-specific nuclease, DSN, crab hepatopancreas, Paralithodes camtschaticus, red king crab
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MPUMEHEHWE OYNNEKC-CMNELUN®UYHON HYKITEA3bI U3 KAMYATCKOIO KPABA
B METOLAX MOJNEKYNIAPHON BMONOIMNKN

0. A WarvH', [. B. Pe6pukos’2&4

" LIeHTp BbICOKOTOYHOMO PeAaKTUPOBaHWS 1 FEHETUHECKIX TEXHONOMNIA ANst B1oMeanLMHbI, POCCUIACKNIA HaLmMOHabHBIA MCCReaoBaTeNbCKA MeAULIMHCKII
yHnBepcuTeT umenn H. /. Muporosa, Mockea, Poccuns

2 HaupoHanbHbI MeAULMHCKMIA UCCNER0BaTENbLCKUIA LEHTP akyLLepCcTBa, MHeKonorim 1 nepuHatonorun umenn B. M. Kynakosa, Mocksa, Poccus

[Lynnekc-cneundunyHas Hykneada (CH) v3 renatonaHkpeaca kpabounna Paralithodes camtschaticus (kamyaTckuii kpab) 0bnagaeT yHUKanbHbIM COHETaHNEM
CBOWCTB. Hapsaay ¢ TepMoCTabuibHOCTBIO 1 BbICOKON OMTUMaIbHON TeMMepaTypoit katannaa, hepMeHT NMPOosIBASET BbICOKYIO Cy6CTpaTHYIO 13bmpaTebHOCTb,
pactennas ncknoumtensHo JHK B coctase aynnexcos (OHK-OHK nnn OHK-PHK). CooteeTcTBEHHO, HI1 0AMHOYHbIE Lenu [HK, Hn ogHoLenoYeYHble y4acTkm
OHK, Hn uerm PHK ¢ ntoboin BTopyYHOM CTpyKTypon cybctpatammn ACH He aBnstoTcs. Takve CBOMCTBA MO3BONAKOT CO34aBaTb YHUKAbHbIE MONEKYNAPHO-
Bunonorn4eckre NPOToKoNbl Ha ocHose [CH, koTopas Takke npeactaBnsieT cobo BaxHbI 06bEKT (yHOoaMeHTanbHbIX UCCneaoBaHnin B 061acTin 9BOMOLMN

Hykneas. B 0630pe paccmatprBaroTcs pasnmyHble nprmereHns JCH 13 kam4aTckoro kpaba B COBPEeMEHHbBIX METOAAX MOMEKYSPHOM Bronorm.

Knto4yeBble cnoBa: fyniekc-cneunduyHasa Hykneada, [JCH, renatonaHkpeac kpaba, Paralithodes camtschaticus, kamyaTckuii Kpab

®uHaHcupoBaHue: paboTa BbinonHeHa Npu hrHaHCOBOM Nopaep ke rpaHToM Ne 075-15-2019-1789, LIeHTp BbICOKOTOYHOrO PEAAKTUPOBAHMSA Y FEHETUHECKIX

TEXHONOMNIA ANst BUOMEANLIVHDI.

Bknap aBTopos: []. A. LLlarvH — nogroToska pykonwvcy; . B. Pebprnkos — peaakTpoBaHme pykonvcu.

<] Onsa koppecnoHaeHuuu: JeHnc Bnagummnposnd Pebprkos

yn. Akaziemvika OnapuHa, 4. 4, . Mocksa, 117997, Poccusi; ncagip4@gmail.com

Cratbs nony4eHa: 22.02.2022 CtaTbsi NpuHATa K neyatu: 27.02.2022 Ony6nukoBaHa oHnamH: 28.02.2022

DOI: 10.24075/vrgmu.2022.010

Crab duplex-specific nuclease (DSN) from hepatopancreas
of the red king crab was firstly characterized in 2002 [1]. The
enzyme with a molecular weight of 41.5 kDa consists of 407
amino acid residues (Genbank AAN86143) and exerts a unique
set of functional properties [2, 3]:

DSN exhibits maximum activity at pH 6.6 at 60-65 °C;

DSN remains active after heating at 90°C or incubation at
pH within the range of 4-12;

DSN is Mn?*, Co?* and Mg?* dependent;

DSN is resistant to proteases (including proteinase K and
papain);

DSN cleaves only double-stranded DNA, leaving single
strands intact;

DSN shows negligible activity towards RNA of any
secondary structure, while effectively cleaving the DNA chain
in DNA-RNA hybrids.

The unique properties of DSN, which is also an important
object of fundamental research in the field of nuclease evolution
[4], inspires creation of molecular protocols on their basis.

BULLETIN OF RSMU | 1, 2022 | VESTNIKRGMU.RU

This review considers diverse applications of DSN in modern
molecular biology.

Single nucleotide polymorphisms (SNP) genotyping

SNP genotyping is used in the diagnosis of genetic
predispositions, pharmacogenetics, forensic science,
molecular genealogy, population genetics, and other research
areas [5-9]. An SNP genotyping protocol known as duplex-
specific nuclease preference (DSNP) approach is based on the
unique property of DSN to cleave perfect (i.e. fully matched)
short double-stranded DNA substrates with much higher
efficiency than their imperfect analogs [10].

SNP genotyping by DSNP-analysis requires two specific
10-mer oligonucleotides with a fluorophore at the 5'-end
and a quencher at the 3'-end — the so-called FRET-labeled
probes (FRET, fluorescence resonance energy transfer). One
of the probes corresponds to wild-type allele, the other one
corresponds tovariant allele. Inthe case of perfect duplex formed
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between the probe and the target DNA, the probe is hydrolyzed
by DSN, which results in the fluorophore- quencher uncoupling
and emission of fluorescence at a specific wavelength. In the
absence of probe hydrolysis, no fluorescence is emitted.

Before DSNP analysis, the studied polymorphic region
must be amplified to a high concentration by polymerase chain
reaction (PCR) with specific primers. The crude (unpurified)
PCR product is mixed with the probes and incubated with
DSN at 60°C for 5-10 min. During the incubation, the DNA
substrate becomes amplified due to combined activity of DSN
and thermostable DNA polymerase; the latter is introduced
into the reaction mixture as a component of the crude PCR
product used as a template. DSN cleaves double-stranded
DNA producing fragments that can serve as primers for
DNA polymerase. At the same time, due to the hydrolysis of
amplicons, short DNA fragments are formed that are capable
of efficient hybridization with the signaling probes. At the
final step of the analysis, the reaction mixture is incubated at
30-35°C, which ensures hybridization of the probes with the
target DNA and the emission of fluorescence due to DSN activity.

The optimal length of PCR products for DSNP-analysis was
tested empirically: fragments of various lengths containing C-
or T-variants of the human mitochondrial COX7 C7028T were
hybridized with a T-specific probe. Clear and unambiguous results
were obtained for all tested products, proving the possibility of
using DSNP analysis for a wide range of amplicon lengths.

Diverse approaches for SNP genotyping have been
proposed, based on the difference in physicochemical
properties of the variants [11, 12]. With regard to other
published protocols, DSNP has several advantages, starting
from its overall convenience (the use of crude PCR product,
no cleanups/centrifugations, 5 min hands-on and results within
1 hour). Secondly, the protocol allows analysis of both alleles
simultaneously in one tube. Thirdly, the specific fluorescence
can be recorded using standard laboratory equipment. Finally,
the protocol is applicable for virtually any length of the PCR
product harboring the polymorphic position.

The study of multiple allelic variants in one tube implies the use
of probes with fluorophores that emit at different wavelengths.
Effects of different fluorophores on the efficiency of hydrolysis
were negligible, unless the mismatches were positioned at
the termini. The efficiency of hydrolysis for imperfect duplexes
containing an unpaired nucleotide in the midportion did not
depend on the type of fluorophores. Importantly, when using
probes for different alleles labeled with identical fluorophores,
the analysis must be carried out in separate tubes.

DSNP was successfully applied for genotyping of variants
involved in a number of diseases or predispositions, including
TP53 C309T; F2 G20210A, MTHFR C677T, KRAS G34A, G35T,
GB35A, and G38A; NRAS G34A, G35C, and G35A; HRAS G35T,
APOE C388T; F5 G1698A; and BRCA1 5382insC. Allelic status
of the studied samples was confirmed by Sanger sequencing.

The results of model experiments showed that DSNP
allows reliable differentiation between mutant and wild-
type alleles in both homozygous and heterozygous samples. In
addition, the example of BRCAT 5382insC demonstrates that,
apart from point substitutions, the method is also applicable to
single-nucleotide indels. The suitability of the same standard
reaction conditions for different genomic positions indicates the
universality of the approach.

Clustered occurrence of point mutations in certain genomic
regions is well described [13]. The majority of available PCR
systems cannot afford accurate determination of such closely
located mutations by routine genotyping. On an example of
KRAS, with a mutagenesis hotspot at positions 34 and 35

(GB4A, G35A, and G35T [14]), it has been demonstrated that
DSNP analysis is suitable for genotyping of closely-spaced
point mutations even in multiplex. Simultaneous use of up
to four FRET-probes, inclusive, produced specific signal only
when the probe was fully complementary to the target.

QOccasionally, it may be important not only to detect a variant,
but also to measure the allelic ratio for a sample. Such tasks
may be relevant for tumor tissue samples or pooled genomic
DNA samples from multiple donors [12, 15]. Experiments with
KRAS GB35A as a model proved the possibility of using DSNP
for semi-quantitative determination of mutant alleles in complex
samples.

Thus, the natural properties of DSN have qualified this
enzyme as a basis for a genotyping protocol termed DSNP,
fairly simple and automatable. Most prominent advantages of
this protocol include

1) the use of crude PCR products with arbitrary fragment
lengths;

2) no purification/separation required;

3) rapidity (1 hour, starting from PCR products);

4) the allelic ratio assessment option;

5) universal applicability: the method is suitable for
determination of single-nucleotide substitutions and indels, at
clustered positions or not, regardless of the context.

The protocol requires no special equipment apart from that
ubiquitously found in the labs. Even fluorescence signals can
be assessed with the use of ordinary instruments: for instance,
with fluorescein, the signal can be recorded with a conventional
UV lamp used in gel-doc systems.

DSNP disadvantages compared with real-time PCR include

1) preparative PCR amplification of the target fragment;

2) endpoint detection;

3) risk of contamination associated with the need to open
tubes with amplicons.

cDNA normalization

Heterogeneous gene expression levels in a cell complicate
the full-scale analysis of transcriptomes and gene hunting.
Normalization of cDNA libraries prior to analysis allows to
increase the sensitivity towards rare transcripts.

The classical principle of cDNA normalization involves
hybridization kinetics. As hybridization rate is proportional to
the squared concentration of molecules in a sample, high-
copy fragments renaturate faster than low-copy fragments [16].
Separation of reassociated double-stranded fragments after
denaturation of a complex cDNA sample affords a library with
equalized concentrations of abundant and rare transcripts [17-19].

The existing normalization protocols differ by the means of
separation of the normalized single-stranded (ss) and double-
stranded (ds) fractions. The possibilities include physical
separation of fractions using hydroxyapatite chromatography
[17, 20] or paramagnetic beads [19, 21], dsDNA digestion with
restriction endonucleases [18], and selective amplification of
ssDNA using the PCR suppression effect [22]. Unfortunately,
these possibilities are hardly adaptable for normalization of
cDNA samples enriched with full-length sequences.

The unique properties of DSN enabled a highly efficient
and easy-to-perform method, known as DSN-normalization
and now a routine at many laboratories in Russia and across
the world, universally applicable for normalization of both
fragmented and full-length cDNA. Like most its predecessors
and counterparts, this method is based on the kinetics of cODNA
reassociation, but differs in the way the normalized ssDNA
fraction is separated [23].
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Table. Representation of repetitive elements in human genomic DNA before and after DSN normalization

Control DNA sample (no normalization) Normalized DNA sample
Families of repetitive sequences bp. o% '\gﬁ::, ;::cu;n;’e bp. % ’\gﬁ::;:r?;:noze
Total length 6643 277 100 - 6 269 460 100 -
LINE L1P 371253 5.6 69 670 1.1 15
ERV-K 20 597 0.3 8 6 575 0.1 12
SSR 68 367 1 10 18 499 0.3 11
Alu 631 112 9.5 12 6572 0.1 16
Satellite sequences 293 827 4.4 15 7915 0.1 20
ERV1 165 461 25 15 105 155 1.7 17
ERV-L 323 437 4.9 19 245 039 3.9 22
LINE L1M/HAL 496 398 7.5 19 605 965 9.7 21
DNA transposons 161 304 2.4 19 170 331 2.7 21
MIR 118 927 1.8 27 142 060 2.3 27
LINE L2 104 535 1.6 28 147 241 2.3 28
LINE CR1/L3 10 226 0.1 29 13318 0.2 29
LINE L4-L5 3508 0.05 33 3701 0.05 30

After hybridization, the reaction mixture is treated with DSN
to remove the non-target fraction of dsDNA. Since DSN is a
thermostable enzyme active at 70 °C, the hydrolysis occurs
at the same temperature as hybridization. The high temperature
affords minimization of non-specific binding and thereby
prevents the loss of transcripts prone to formation of secondary
structures. The normalized ss cDNA fraction is amplified by PCR.

The method is also applicable to non-amplified first strand
cDNA. Abundant transcripts (‘majors') are sponged through
renaturation of the first strand cDNA with the poly(A)+ RNA
that has served as a template for its synthesis. This protocol is
applicable with large amounts of biomaterial available so that it
is possible to isolate the poly(A)+ RNA fraction from total RNA.
It should be noted that in the normalized libraries, the content of
clones corresponding to certain highly represented transcripts
is sometimes lower than the number of clones corresponding
to rare transcripts. Such “supernormalization” can be
explained by the continued dominance of major RNA species,
which serve as guides for elimination of complementary DNA
molecules. Upon the release after DSN-mediated hydrolysis of
the complementary DNA strand, major RNAs can form new
hybrids with single-stranded DNA molecules, thus promoting
their hydrolysis, and so on.

For the subsequent use in a variety of applications, the
normalized first strand cDNA must be amplified. For this
reason, preparation of first strand cDNA for DSN normalization
necessarily involves ligation of adapter sequences, which will
provide annealing sites for oligonucleotide PCR primers. As is
well-known, in PCR, short fragments are amplified more efficiently
than longer fragments. Accordingly, amplification of complex
normalized cDNA is fraught with the loss of long transcripts
and decreased average length of the library. To preserve the
fraction of long cDNA molecules during library preparation, short
inverted repeats are included in the design of the adapters.
PCR amplification with a primer matching the inverted repeat
(albeit shorter) favors amplification of long cDNA molecules
against the background of suppressed amplification of short
molecules [24]. According to experimental data, normalization
of amplified cDNA, although generally less efficient than the first
strand cDNA normalization, also provides significant leveling of
over-represented transcripts to enable the search for rare mRNA
species under circumstances when only total RNA is available.
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To date, DSN normalization provides both the simplest
and most effective means for cDNA normalization. By contrast
with many other protocols, it involves no physical separation
of DNA fractions. Furthermore, it can be used to normalize
both amplified cDNA and the non-amplified first strand
of cDNA enriched with full-length molecules. In addition,
DSN-normalization preserves the average lengths as well as
the length distributions of cloned cDNA libraries.

Specific enrichment and normalization of genomic
DNA libraries

Song et al. (2016) developed a protocol for enrichment
with minor alleles (including those with mutations of clinical
or biological significance) through selective elimination of
wild-type alleles in mixed (pooled) clinical samples, termed
Nuclease-Assisted Minor-Allele enrichment using Overlapping
Probes, NaME-PrO [25]. The simultaneous removal of the
excess of wild-type DNA for a virtually unlimited number of
target genomic sequences is performed before amplification.
The unique properties of DNS ensure priority cleavage of wild-
type DNA regardless of genomic context

For each target sequence, a pair of oligonucleotide probes
is designed to bind the target region on opposite strands, with
a 10-15 bp overlap between them. The probes are added in
excess to the fragmented genomic DNA denatured at 98 °C.
When the temperature is lowered to 67 °C, DNA remains single-
stranded due to its low concentration and slow reassociation
kinetics. The probes anneal to their target sites in DNA, whereby
they create pinpoint mismatches on complementary strands
upon their contact with mutated DNA, resulting in imperfect
duplexes. Upon exposure to DSN, which preferentially cleaves
perfect duplexes, the wild-type DNA is cleaved whereas
mutant DNA remains substantively intact. Because the two
probes match the target sequence on opposite strands, both
strands of wild-type DNA undergo preferential cleavage within
the region covered by the probes. Thus, if at least one of the
DNA strands containing the mutation is preserved after DSN
cleavage, then subsequent DNA amplification will lead to
exponential amplification providing the muiltiplex enrichment
for all mutated sites simultaneously. This approach abolishes
the need for deep sequencing to detect rare mutations.
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As demonstrated by the authors, NaME-PrO affords 50 to
200-fold enrichment for a variety of target mutations found in
clinical samples (exemplified by KRAS mutations).

In connection with the rapid technological progress, next
generation sequencing (NGS), in particular whole-genome
sequencing, is becoming an increasingly common approach in
basic science and clinical laboratory diagnostics. In eukaryotes,
a significant proportion of genomic DNA consists of highly
homologous repetitive elements. Their presence not only increases
the cost of genome sequencing, but also makes the biocinformatics
processing and interpretation of the data extremely difficult.

The problem can be solved by several approaches.
In particular, for higher plant genomes, it is possible to
employ the pronounced tendency of repetitive sequences to
hypermethylation. Yuan et al. (2002) used selective cleavage
of hypermethylated regions with restriction endonucleases
sensitive to cytosine 5'-methylation [26, 27]. Similarly, Palmer
et al. (2003) used the methylation-dependent endonuclease
McrBC from the E. coli K-12 strain in the construction of
maize genomic libraries, thereby limiting the cloning of heavily
methylated DNA [28]. Such technical solutions, however, are
not applicable to organisms with other methylation patterns
that are not selective for repetitive elements.

An alternative solution to the problem, the so-called COt
filtration, is based on the kinetics of DNA renaturation. Genomic
DNA is fragmented, heat denatured and cooled. Since low-copy
DNA fragments rehybridize slower than repetitive elements,
over a certain time the single-stranded fraction becomes
enriched with low-copy sequences [29, 30]. Next, the double-
stranded fraction containing repetitive elements is separated
from the single-stranded fraction (in the classic version, by
hydroxyapatite chromatography). Although COt filtration may
work with any complex mixture of heterogeneously represented
DNA sequences, its application requires precise knowledge of
the reassociation kinetics for a particular genome.

Shagina et al. (2010) investigated the possibility of using
DSN normalization to eliminate the highly homologous
repetitive elements from genomic sequencing libraries. DNA
is subjected to fragmentation, supplemented with adapter
sequences through ligation, and denatured by heating. During
the renaturation process, the sample is treated with DSN. The
preserved single-stranded fraction of genomic DNA enriched in
low-copy sequences is amplified with primers corresponding to
the adapter sequences [31].

The method was tested in a model experiment on
normalization of human genomic DNA before sequencing in a
454 GS FLX system (Roche). To enhance the sponging of non-
target sequences, hybridization was carried out in an excess of
the Cot-1 fraction of human genomic DNA. For the normalized
and control samples, 29,240 and 31,789 reads were obtained
with a total coverage of 6,269,460 and 6,643,277 nucleotides,
respectively. Representation of diverse repetitive elements
in the sequencing data was determined using the Repeat-
Masker software available at repeatmasker.org/cgi-bin/
WEBRepeatMasker. According to the results, normalization
reduced the content of repetitive elements from 40% to 25%.

The Table shows representation of different families of
repetitive elements in non-normalized (control) and normalized
samples of human genomic DNA. Significant effects can be
observed for Alu, LINE L1P, ERV-K, and ERV1 repeats, as well as
satellite sequences. At the same time, certain families of repetitive
elements show resistance to normalization by this method.

Reciprocally, control samples (no normalization) contained
about 10% of sequences sharing 100-91% similarity and about

20% of sequences sharing 90-71% similarity, whereas the
remaining 70% of sequences had identical nucleotides in less
than 71% positions. DSN normalization reproducibly reduced
the content of low-divergent repetitive elements (100-91%
identical) 15-fold and medium-divergent repetitive elements
(81-90% identical) 2-fold. Concentrations of other sequences
in the samples did not decrease with DSN-normalization.
Preservation of single-copy genomic sequences during DSN
normalization was demonstrated by real-time PCR assay on a
panel of 11 unique genes.

These findings indicate that DSN normalization can
effectively reduce the content of the evolutionary young low-
divergent repetitive sequences in genomic DNA samples. The
cut-off threshold can be lowered by using milder reassociation
conditions (e.g. by lowering the temperature and/or increasing
the cation concentration), albeit with the risk of partial loss of
unigque sequences due to increased non-specific interactions.

MicroRNA studies

MicroRNA molecules are increasingly considered as promising
biomarkers for diagnosis and monitoring of various pathologies,
including cancers and autoimmune disorders. They are found in
the blood plasma both in a freely circulating form and as part of
the exosomal fraction. MicroRNAs are easy to isolate, resistant
to degradation, and show reproducible and characteristic
expression patterns.

The unique properties of DSN, particularly its indifference
to BNA substrates, can be used to create specific
chemiluminescent and fluorescent sensors for miRNA
[32, 33]. A system developed by Shen et al. (2015) contains
biotinylated DNA molecules (probes) labeled with fluorescein
and immobilized on magnetic beads. Apart from the target
microRNA and the beads, the medium contains DSN, which
recognizes and cleaves the duplexes formed upon binding
of microRNA with the probe. After the cleavage, the labeled
outer fragment of the probe drifts into the medium, while its
microRNA partner finds and binds the next immobilized DNA
molecule, promotes its cleavage, and so on. The fluorescently
labeled cleavage products eventually accumulate in the
medium. In the end, the beads with immobilized unreacted
probes are separated from the reaction medium with a magnet.
The labeled cleavage products remain in the medium for the
endpoint detection of fluorescence. The system is sensitive
enough to detect femtomolar microRNA concentrations.
Noteworthy, in contrast to protocols that use quantitative PCR,
amplification of the signal is carried out isothermally at 40 °C,
which makes the proposed method even more attractive [33].

CONCLUSION

Duplex-specific nuclease from hepatopancreas of the king
crab exerts a unique combination of properties including the
exquisite substrate specificity (selectively digests double-
stranded DNA without affecting single-stranded DNA or RNA),
the high optimal temperature of catalysis (60-65 °C), and the
thermal stability (retains activity at 90 °C). Since its original
characterization in 2002, the crab nuclease has been featured
in diverse molecular protocols, which still evolve and are
continually updated. The enzyme has been successfully used
in a wide range of applications, including genotyping of single
nucleotide polymorphisms (in both experimental and clinical
samples), normalization of cDNA and genomic DNA libraries,
selective elimination of non-target sequences, and miRNA studies.
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DYNAMIC CHANGES IN THE CONCENTRATION OF ANTI-SARS-COV-2 ANTIBODIES WITHIN
12 MONTHS AFTER RECOVERY FROM COVID-19
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Generation and maintenance of immunity to SARS-CoV-2 is essential for overcoming the pandemic of the novel coronavirus infection COVID-19. The study was
aimed to assess the dynamic changes in the levels of IgG antibodies against the SARS-CoV-2 receptor-binding domain (RBD) with the use of the enzyme-linked
immunosorbent assay (ELISA) kits, calibrated using the International Standard for anti-SARS-CoV-2 immunoglobulin (IS-SARS-CoV-2). The concentrations of
anti-RBD-IgG were measured in the cohort of individuals, who had recovered from COVID-19, with an interval of a month for 6 months, and at a time point of
12 months, using the ELISA kits, calibrated with the use of IS-SARS-CoV-2; the results were expressed in binding antibody units (BAU) per 1 mL. A total of 97 blood
serum samples, obtained from 20 individuals with SARS-CoV-2 infection, confirmed by PCR, were collected. The geometric mean titer (GMT) of anti-RBD-1gG was
433 BAU/mL (range 36-25,900 BAU/mL) within a month after the infection. The concentration of anti-RBD-IgG gradually decreased with time and reached the
GMT value of 68 BAU/mL by the 12th month; anti-RBD-IgG persisted in 13 individuals (93%) out of 14, examined 12 months after the infection. The standardized
quantitative serological data play a vital part in monitoring the immune response and make in easier to compare the studies, providing the basis for seeking the
common serological correlate of the protective immunity to SARS-CoV-2.
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ANHAMUWKA KOHLUEHTPALIMWN AHTUTEJ K SARS-COV-2 B TEMEHUE 12 MECSLIEB NOCTIE
MEPEHECEHHOWN MH®EKLIUN COVID-19

H. A. MasHckuin' B3, E. A, Bpxkososckas!, C. C. CtosHosa!, A. B. ®posnkos’, 0. C. JlebeanH?

T POCCUINCKIMIA HaLMOHaNbHBIN MCCNEaoBaTeNbCKMA MeaMUMHCKI yHBepeuTeT umenn H. . Tnporosa, Mocksa, Poccust
2 O6LLECTBO C OrpaHNHeHHON OTBETCTBEHHOCTLIO «XEMA», Mocksa, Poccus

DdopmrpoBaHme 1 NogaepkaHne nMmMyHuTeTa Npotme SARS-CoV-2 ABASETCA BaXKHBIM YCOBMEM NMPEOAONEHNS MaHAEMUM HOBOWM KOPOHABUPYCHOW MHMDEKLN
COVID-19. Lienbto paboTbl 6bl10 OXapakTepnaoBaTb AMHaMUKY YpoBHst aHTUTeN IgG K peLienTop-ceasbiBatoLLieMy fomeHy (RBD) SARS-CoV-2 ¢ ncnons3osaHnem
Habopa Ana MMMyHobepmeHTHoro aHanmaa (VIPA), otkanmbpoBaHHOro npu noMoLw MexxayHapoaHoro ctaHaapTa aHTn-SARS-CoV-2-MMvmyHornobynmnHos (1S-
SARS-CoV-2). KoHueHTpaumto aHTU-RBD-IgG namepsanm B koropTte L, nocie BbiagoposneHns ot COVID-19 ¢ nHTepeanomM B MecsiL, B TedeHne 6 MecsilieB U B
Touke 12 MecsaLeB ¢ ncnonb3oBaHeM Habopos NIPA, oTkanmbpoBaHHbix IS-SARS-CoV-2; peaynsraTtel NpeacTaBnanm B eguHiLax cessbiBaHns aHtuten (BAU)
Ha 1 mn. Beero nccneposanv 97 06pasuoB CbiBOPOTKN Kposu OT 20 Yenosek ¢ MLP-noareepxaeHHon nHhekumen SARS-CoV-2. K nepBomy MecsiLy nocne
3apaxkeHnsi cpefHuin reometpudeckmin Tutp (GMT) aHTn-RBD-IgG coctaBun 433 BAU/Mn (ananasoH 36-25900 BAU/Mi). Co BpemeHeM KoHLeHTpauus 1gG
npotve RBD nocteneHHo cHkanack, gocturas GMT B 68 BAU/Mn k 12 mecauy; aHTn-RBD-IgG coxpaHanmce y 13 13 14 (93%) nuu, obcnenoBaHHbix Hepes
12 MecsiLeB nocne NHUULMpoBaHKs. CTaHAaPTU3MPOBaHHbIE KONMHECTBEHHBIE CEPONOrMYecKkme fiaHHbIe UMPaKOT BaXKHYKO POSb B MOHUTOPWHIE MMMYHHOIO OTBETa
1 0bneryaroT cpaBHeHVe Mexzy MCCneaoBaHnsaMm, Co3aaBast OCHOBY /151 MOMCKa OBLLEro CepoormM4eckoro KoppensTa UMMYHHOW 3awmTsbl npoTue SARS-CoV-2.

KnioueBble cnoBa: SARS-CoV-2, aHTn-RBD IgG, avHamiika, KoHLeHTpauws, BAU/mn
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The natural infection and vaccination against COVID-19 result
in the production of antibodies against viral antigens, playing
a vital part in the immune response monitoring [1]. Although
it is expected that the naturally acquired immunity against
SARS-CoV-2 would last long [2-3], serological equivalent of
antiviral host defense has not yet been discovered. The lack
of a standardized approach to laboratory testing is one of the
obstacles to defining such correlates, which probably explains
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the conflicting literature data on the serological assessment of
SARS-CoV-2 infection. The WHO have recently introduced the
International Standard for anti-SARS-CoV-2 immunoglobulin
(IS-SARS-CoV-2), which makes it possible to unify the results
of measuring the levels of anti-SARS-CoV-2 antibodies using
the 1S-SARS-CoV-2 units, namely the binding antibody units
(BAU) [1]. The study was aimed to measure the concentration
of IgG against the SARS-CoV-2 receptor-binding domain
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(RBD) at different times over the 12-month period in a cohort
of healthcare professionals, who have recovered from the
SARS-CoV-2 infection, using the enzyme-linked immunosorbent
assay (ELISA) kits, calibrated using the IS-SARS-CoV-2.

METHODS

The study, carried out from May 2020 to June 2021, involved
the staff members of the Russian Children's Clinical Hospital,
Pirogov Russian National Research Medical University. Inclusion
criteria: positive PCR test result for COVID-19. There were no
exclusion criteria.

In April and May 2020, after returning to work, individuals
with positive PCR test results for COVID-19 gave the blood
serum samples with an interval of a month for the anti-RBD-IgG
measurement. The samples were collected on a monthly basis
for 6 months, and the last sample was obtained 12 months
after the positive PCR test result; a total of 4-7 samples was
obtained from each subject. The samples collected were stored
at a temperature of —-80 °C.

In July 2021, all the samples were assayed in one batch
using the ELISA kit for the anti-RBD-IgG quantification (XEMA,;
Russia) [4], calibrated using the IS-SARS-CoV-2. The analytical
measuring range was 15-240 BAU/mL; samples with the anti-
RBD-IgG concentration exceeding 240 BAU/mL were further
diluted 10-100 times and measured repeatedly in a separate
batch. The samples were considered positive when the level of
anti-RBD-IgG was 15 BAU/mL.

Statistical processing was performed using the IBM SPSS
Statistics 27.0 software package (IBM Corp.; USA).

RESULTS

A total of 97 serum samples were obtained from 20 individuals
during the study, including 14 women (70%) with the SARS-CoV-2
infection, confirmed by PCR. The median age was 50 years
(Q,-Q,, 40-57 years). All the subjects had mild to moderate
COVID-19, there were no severe cases of the disease.

In three individuals, blood serum samples were obtained
a month before the SARS-CoV-2 infection; no anti-RBD-IgG
were found in these samples. A month after the positive
PCR test result for SARS-CoV-2, anti-RBD-IgG were found
in all subjects in a concentration exceeding the threshold
value of 15 BAU/mL, with the geometric mean titer (GMT)
of 433 BAU/mL (95% CI 123-1,5627 BAU/mL; range
36-25,900 BAU/mL) (see Figure). At the time point 2 of the
month the median GMT was similar, 456 BAU/mL (95% ClI
154-1,353 BAU/mL). Later the concentration of anti-RBD-IgG
gradually decreased and reached the median GMT value of
68 BAU/mL (95% CI 35-131 BAU/mL) by the 12" month. Al
samples were anti-RBD-IgG-positive during the period between
the first and the sixth months. Among 14 individuals assessed
12 months after the SARS-CoV-2 infection, 13 individuals (93%)
were still seropositive for anti-RBD-IgG with the GMT values
exceeding 15 BAU/mL. The median concentration of anti-RBD-IgG
was 6.7 times lower (95% CI 4.4-10.3 times) after 12 months
compared with the highest median GMT value, defined during
the second month after the SARS-CoV-2 infection.

DISCUSSION
To date, the data of only a few studies, involving the standardized

values of the amount of antibodies against SARS-CoV-2 after
the natural infection and/or vaccination, have been reported
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Fig. Concentration of anti-RBD IgG as a function of time after the positive PCR
test result for SARS-CoV-2. (A) individual values for 97 samples and (B) geometric
mean titers (GMT) of anti-RBD IgG with the 95% ClI, expressed in BAU/mL;
dotted line in (A) at the level of 15 BAU/mL specifies the positivity threshold

[6-7]. Thus, the live viral neutralization assay showed that
anti-RBD-IgG in a concentration of =100 BAU/mL ensured
the complete neutralization of three SARS-CoV-2 variants
of concern a year after infection, which reduced the risk of
reinfection with these virus strains [5]. Another report mentioned
that on day 14 after vaccination, the anti-RBD-IgG GMT in
individuals, vaccinated with mRNA vaccine, was 7,756 BAU/mL
[6]. Thus, quantitative results provide the basis for seeking the
common serological correlate of the protective immunity to
SARS-CoV-2. Moreover, these data are important for monitoring
the natural immunity and facilitate the comparison of immune
responses to various vaccines [1]. Significant differences and
systematic error in the numerical results, expressed in BAU/mL,
associated with the use of different test systems [7], encourage
further efforts to unify serological tests for detection of
antibodies against SARS-CoV-2.

CONCLUSIONS

The study analyzes dynamic changes in the antibody
response to SARS-CoV-2 infection during the natural immunity
production. The use of IS-SARS-CoV-2 for calibration of the
ELISA test system made in possible to demonstrate a change in
the concentration of anti-RBD IgG over a wide range of 36-25,
900 BAU/mL with the widest disparity within two months after
the infection. The levels of anti-RBD-IgG gradually decreased
with time, however, positive values persisted throughout
12 months of follow-up in the majority of subjects.
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SARS-CoV-2 specific antibody response is a generally accepted measure of postinfection and vaccination-induced immunity assessment. The dynamics of
avidity maturation and neutralizing activity of virus-specific immunoglobulins G during the SARS-CoV-2-associated coronavirus infection was studied in cohorts of
vaccinated volunteers and COVID-19 patients. 4-6 months after vaccination, neutralization activity was low compared to hospitalized patients (medians 57.4% vs
86.4%). On the opposite, the avidity indices in vaccinated volunteers were significantly higher (median 76.7%) than among hospitalized patients (median 61.4%).
During the acute phase of the disease (14-16 days Pl), post-vaccination patients have also higher avidity indices than primary patients (medians 43.5% vs 20.4%).
QOur results suggest that in long-term perspective antibody affinity maturation rate is higher after vaccination than after a natural infection. We demonstrated that
Sputnik V vaccination leads to formation of high-avidity I1gG, which persists for at least 6 months of observation. These results also indicate the presence of
protective efficacy markers for at least 4-6 months after the vaccination or a previous illness and gives grounds for the half-year time period chosen for booster
immunization with Sputnik V in Russia.
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CBOWCTBA AHTUTEN K RBD Y NEPEBOJIEBLUNX COVID-19 I BAKLUMHUPOBAHHBIX
MPEMNAPATOM «CMYTHUK V»

1. B. TeHepanosa', U. B. Mpuropwes?, . B. BacuHa?, A. T1. Tkadyk?, U. C. Kpyxkosa?, J1. B. KonobyxvHa?, O. A. Bypracosa'?, B. A. NyLmH2=

T Poccuiickuin yHMBepcuTeT apy»6bl Hapoaos, Mocksa, Poccust
2 HauvoHanbHbI 1ccnenoBaTenbCKuin LIEHTP annaemMmnonorim n mukpoduonorim nvenn H. @. lfamanen, Mockea, Poccus

ViccnepoBaHvie CBOMCTB aHTUTEN, YHaCTBYIOLLIMX B HEMTpanM3aumy B1Mpyca, nocne nepeHeceHHoro 3abonesanna COVID-19 v npuMeHeHVst NpohunakTnHecKmnx
npenapaToB, OCTAETCA akTyasbHOM 3adaqelt, OT KOTOPOW 3aBUCUT BbipaboTka CTpaTeriii NEPBUHHON 11 MOBTOPHOM MMMYHU3aUWK. VI3MepeHre ypoBHSA aHTUTEN K
aHTUreHam SARS-CoV-2 — 0fMH 13 OCHOBHbIX CMIOCOO0B OLEHKM UMMYHUTETA, OAHAKO He [aeT [OCTaTO4HOM MHDOPMaLMM O KOIMHECTBEHHBIX U Ka4eCTBEHHbIX
nokasartensx MMMyHHoro oteeTa. Lieneto paboTsl 6bino nccneposats ceovicTsa aHtUTen IgG k RBD y nepebonesLunx COVID-19 1 BakLHMPOBaHHbIX NpenapaToM
«CnyTHYK V». Ha koropTax naumeHToB (18-80 neT; COOTHOLLEHVE My>KH4IH 1 XeHLLH — 47 : 53), nepebonesLunx COVID-19, 1 BakLMHPOBaHHbIX JOOPOBONLLIEB
13dyyeHa OMHaMMKa co3peBaHus ad@UHHOCTY U U3MEHeHUs HelTpanmaytollen akTmeHocTv IgG kK RBD. HelTpanuaytollas akTMBHOCTb CbIBOPOTOK KPOBU
y [0OBPOBONbLEB HYepe3d 4-6 MecsLeB noce BakUMHaUMmM CHU3MNach No CpaBHEHUIO ¢ obpasuamun nepeboneBLnx naumeHToB (MeguaHbl — 57,4 n 86,4%
COOTBETCTBEHHO). VIHAEKC aBMAHOCTY Y BaKLMHMPOBAaHHbIX 4OOPOBOSBLIEB, HAMPOTUB, Obl 3HAYMTENBHO BbILLE, HYem y nepeHectumx COVID-19 (76,7 n 61,4%
COOTBETCTBEHHO). B ocTpyto dhasy 3abonesaHus (14-16 OHeit oT NosiBNeHNst CUMNTOMOB) paHee BakKUMHUPOBaHHbIE NaUMeHTbl MMenn 601ee BbICOKMIA MHAEKC
aBWAHOCTU, YeM MepBUYHbIE NauneHTbl (43,5 1 20,4% COOTBETCTBEHHO). B AONTOCPOYHOM NepCneKTnBe CTeneHb CO3peBanHns apHHOCTI BUPYCCIELMMUYHbIX
IgG nocne BakuUMHaUMM MOXET ObiTb Bblle, YeM MOCNE eCTECTBEHHO MepeHeceHHOM nHbekumn. MNokasaHo, 4To BakumHaumsa «CnyTHUKOM V» MpuBOaUT K
hopMmpoBaHIMIO BbICOKOABUAHBIX IgG, COXpaHSOLLMXCA MO KpaiHel Mepe 6 MecsiLeB. [1pOAeMOHCTPUPOBaHO HaMyMe YPOBHE aHTUTEN, KOPPEIVPYIOLLWX C
MNPOTEKTVBHBIM UMMYHUTETOM, Ha MPOTHKEHNN 4—6 MecALEB NOCne BaKLUMHALMM U NEPEHECEHHOM MHAEKLMM.

KntoueBble cnoBa: aBnaHOCTb aHTUTEN, BUpYyC-HeiTpanmnsaums, SARS-CoV-2, MMyHHas namsitb, BakLHaums, CnyTHUK V

®uHaHCMpOBaHMe: 1CcnefoBaHvie NPOBEAEHO NPY NoadepkKe rpaHTa MuHMcTepcTBa 3apaBooxpaHeHs PP, Ne AAAA - A20-120113090054-6, npodeccopy
O. A. BypracoBoii 6b1110 BblAENEHO (hHAHCMPOBaHKE MO MNPOrpaMme CTPaTerm4eckoro akagemm4eckoro nuaepctea PYH.
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SARS-CoV-2 specific antibody response is a generally
accepted measure of postinfection and vaccination-induced
immunity assessment. However, the protective efficacy of virus
specific antibodies and their ability to withstand the individual’s
reinfection may be influenced not only by antibody quantity
but also their quality including neutralizing activity, binding
affinity, isotypes spectrum etc., which are not characterized
well enough. In general, SARS-CoV-2 antibody avidity (% of
antibodies with high affinity) correlated with duration of infection
and higher neutralizing titers [1]. Indeed, high avidity antibodies
but not the level of spike-binding antibodies has been previously
associated with positive clinical outcomes [2]. At the moment
there is no published information about the antibody affinity
maturation after the Sputnik V vaccination and in recovered
patients, as well as antibodies functional transformations during
the prolonged period of observation. This study aims to provide
the longitudinal assessment of antibody responses dynamics in
patients recovered from COVID-19 and Sputnik V vaccinated
individuals with or without further infection and to characterize
the patterns of sustaining long-term immunity.

METHODS
Stydy participans

During the study we enrolled 41 participants divided into
3 groups (Table 1): 23 patients, hospitalized in Moscow with
different disease severity, were sampled upon the admission
to the hospital (acute phase) and 4-6 months after the
hospital discharge; 9 vaccinated patients sampled during their
hospitalization and 9 healthy vaccinated volunteers at different
times from the complete vaccination. Median symptom
durations in hospitalized patients before the first sampling
were 14 days among unvaccinated individuals and 10 days
among vaccinated individuals. For vaccinated volunteers, the
absence of COVID-19 was confirmed by the lack of anti-Nc
lgG seroconversion.

We characterized antibodies from the three groups of
participants. The group of inpatient volunteers was recruited
in November through December 2020 at the First Moscow
Infectious Diseases Hospital (Moscow, Russia); vaccinated
patients were hospitalized and enrolled in March through
April 2021 in the same source. Healthy volunteers vaccinated
with Sputnik V vaccine were recruited in September through
December 2020. Eligible volunteers were adults aged 18-80
years.

All patients were either diagnosed with SARS-CoV-2
infection by RT-PCR of nasopharyngeal swabs or confirmed
with CT scanning. Disease severity in hospitalized patients was
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determined in accordance with NEWS [3]. Group of vaccinated
patients included hospitalized participants diagnosed with
SARS-CoV-2 infection who received a second vaccine dose
at least two weeks before the infection. The vaccinated healthy
volunteers received two doses of Sputnik, free of symptoms
of COVID-19 for at least 14 days before the sampling. No
statistical methods were used to predetermine sample size.

Blood sample processing and storage

Blood samples were collected by venipuncture to vacutainers
with clot activator and shipped to the laboratory at +4 °C.
Centrifugation at 3000 rpm for 10 minutes was applied to obtain
serum, which was further aliquoted and stored at -30 °C.

Anti-nucleocapsid and anti-RBD IgG antibody detection

The anti-nucleocapsid (Nc) and anti-RBD IgG antibodies were
measured using in house ELISA test-systems and expressed
in positivity index (p.i., S/CO). Briefly, for antibody detection
we used recombinant receptor-binding domain fragment
of S1 SARS-CoV-2 Spike protein (RBD Ne 8COV1; HyTest,
Russia), expressed in eukaryotic cells and recombinant SARS-
CoV-2 Nucleocapsid (Nc) protein, expressed in Escherichia coli
and purified in our laboratory.

To perform anti-RBD and anti-Nc ELISAs, 96 well high
binding plates (Costar 2592; Corning, USA) were coated
overnight with 100 pl of 1 pg/mL recombinant protein solution
in PBS. Next day the plates were blocked for 2 hours at room
temperature with a blocking buffer, containing 0,5% casein.
Serum samples were diluted 1 : 100 with universal ELISA
buffer SO11 (XEMA, Russia). Sera of PCR+ reconvalescent was
used as a positive control and a pool of pre-COVID samples,
collected in 2019, was used as negative control. ELISA plates
with 100 pl of diluted samples were incubated 1 hour at 37 °C
and washed 3 times with PBS, containing 0,1% Tween-20. After
washing, wells were incubated with 100 pl of HRP-conjugated
anti-human IgG (Novex A18823; USA) for 1 hour at 37 °C and
washed 6 times. After adding 100 pl of the HRP substrate
solution, containing 3,3',5,5'-Tetramethylbenzidine (R055;
XEMA, Russia) per well, the colour reaction was developed for
10 minutes at room temperature and then stopped by 10%
HCI. Optical density (OD) was measured at 450 nm using
Multiscan FC (Thermo Scientific; USA).

Neutralization assay (Inhibiting assay)

Detection of IgG neutralizing antibodies was performed
with commercial “SARS-CoV-2-anti-RBD-ELISA” kit (MT-

Table 1. Study Cohorts. Values are reported as the medians with the range in parentheses

Characteristics Patients Vaccinated volunteers Volunteers

(n=23) (n=9) (n=9)
Age median years, IQR 59 (54-65) 72 (69-79) 34 (33-39)
Sex. % 52% male, 33% male, 56% male,

’ 48% female 67% female 44% female
Time from symptom onset to Visit 1 (Me days min-max) 14 (9-17) 10 (5-19) NA
Time from symptom onset to Visit 2 (Me days min-max) 135 (116-159) 16 (11-24) NA
Time from initial vaccination to Visit 1 (Me days min-max) NA 62 (30-88) 147 (100-263)
Time from initial vaccination to Visit 2 (Me days min-max) NA 68 (35-95) 261 (161-349)
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Fig. 1. Immune responses to SARS-CoV-2 in the studied groups. (A) Cohort of hospitalized patients (B) Cohort of vaccinated patients (C) Cohort of healthy vaccinated
volunteers. Significant differences are shown as asterisks (Wilcoxon signed-rank test). Me — median time of sampling in groups from the symptoms onset or the initial

vaccination as indicated in the axis

N-C1-04.192; MedipalTech, Russia) in accordance with
manufacturer’s instructions. Briefly, serum samples were
mixed with biotinylated recombinant human ACE-2 receptor
and added to the ELISA plate, precoated with recombinant
RBD. After incubation and wash, streptavidin-conjugated
HRP was added to the wells. Reaction was visualized by
adding an HRP-substrate solution. Optical density in wells
was inversely proportional to the concentration of antibodies,
able to block ACE-2 binding to RBD. Inhibition coefficient (IC)
was calculated as ratio of sample OD to negative control OD,
subtracted from 1. IC = (1 — ODsample/ONneg) — 100%.
The antibody neutralization criteria were assessed as high
neutralizing if serum sample inhibited binding of soluble RBD
to ACE-2 on plate by > 30%; intermediate one, if the inhibition

rate was between 20 and 30%; and a low level for samples
with inhibition < 20%.

Avidity assay

The IgG avidity assay targeted the spike protein RBD of SARS-
CoV-2 was performed with “SARS-CoV-2-ELISA-IgG plus” kit
(No MT-M-C1-03.192; MedipalTech, Russia) in accordance
with manufacturer’s instructions. Briefly, duplicate anti-RBD
lgG positive serum samples were incubated in wells of ELISA
plates, precoated with recombinant RBD. Then either PBS (non-
denaturing conditions) or urea solution (denaturing agent, DA)
was added to the wells. After washing, HRP-conjugated anti-
human IgG was added and, finally, reaction was visualized by
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Table 2. Antibody levels and characteristics in cohorts of patients with different disease severity
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Patients
Total (n=23) Mild (n=10) Moderate (n = 6) Severe (n=7)
Visit 1, median (IQR)

RBD-specific I9G, S/CO 10.5(7.8-11.8) 10.4 (7.6-11.9) 8.9 (1.5-11.5) 11.3 (10.2-12.8)
Negative, n (%) 1(4.3) 0(0) 1(20) 0 (0)
Reactive, n (%) 22 (95.6) 10 (100) 5 (80) 7 (100)

N-specific 1gG, S/CO 9.4 (7.9-10.7) 9.9 (8.8-11.3) 7.45 (3.7-8.55) 10.4 (8.8-10.7)
Negative, n (%) 0 (0) 0 (0) 0(0) 0(0)
Reactive, n (%) 23 (100) 10 (100) 6 (100) 7 (100)

Neutralization, % 87.7 (83.3-88.7) 87.5 (78.4-88.9) 87.1(58.1-88.5) 87.8 (87.3-89.0)
Low, n (%) 14.3) 0(0) 1(20) 0(0)
High, n (%) 22 (95.6) 10 (100) 5 (80) 7 (100)
Avidity, % 20.4 (14.6-26.3) 19.5 (15.28-25.7) 22.2 (17.4-25.95) 22.4 (8.7-31.6)
Low, n (%) 22 (95.6) 9 (90) 6 (100) 7 (100)
High, n (%) 14.3 1(10) 0(0) 0(0)
Visit 2, median (IQR)

RBD-specific IgG, S/CO 6.8 (6.1-9.0) 6.5 (6.1-8.7) 6.6 (4.7-9.2) 7.3 (6.8-9.8)
Negative, n (%) 0 (0) 0 (0) 0(0) 0(0)
Reactive, n (%) 23 (100) 10 (100) 6 (100) 7 (100)

N-specific IgG, S/CO 7.4 (4.7-9.2) 7.3 (3.5-9.3) 6.7 (5.5-9.1) 7.4 (3.8-9.4)
Negative, n (%) 0 (0) 0 (0) 0 (0) 0 (0)
Reactive, n (%) 23 (100) 10 (100) 6 (100) 7 (100)

Neutralization, % 86.4 (84.3-89.5) 86.2 (80.9-88.8) 87.1 (69.7-90.1) 85.8 (85.3-89.5)
Low, n (%) 14.3 0(0) 1(20) 0(0)
High, n (%) 22 (95.6) 10 (100) 5 (80) 7 (100)
Avidity, % 61.4 (50.0-66.2) 64.7 (52.3-70.0) 55.7 (42.4-62.6) 59.0 (42.2-75.0)
Low, n (%) 6 (26.1) 1(10) 3 (50) 2 (28.6)
High, n (%) 17 (73.9) 9 (90) 3 (50) 5(71.4)

adding HRP-substrate solution. Avidity index (a.i.), proportional
to antibody denaturation resistance, was calculated as ratio of
0OD-450 in DA and PBS wells. The antibody avidity criteria were
as follows: avidity index (a.i.) > 50% — high avidity; between 40
and 50% — intermediate avidity; < 40% — low avidity.

Data analysis

The results are reported as medians with min-max range and
the parameters were compared between groups by the Mann-
Whitney nonparametric t test and at different time points using
the paired Wilcoxon rank test. P value < 0.05 was considered
statistically significant.

RESULTS

All antibody assays were provided for 100% of samples.
Samples of 23 hospitalized patients with confirmed COVID-19
demonstrated a common Ab dynamics pattern. Two weeks
after the symptoms onset all samples became IgG positive for
both RBD (Me S/CO 10.5, min-max, 1.1-13.3) and Nc (Me, 9.4,
min-max 3.2-11.7) (Fig. 1, Table 2). Twenty two out of 23
samples (95.6%) demonstrated high neutralization activity in
ACE2-RBD binding inhibition assay and low avidity with median
20% (min-max 7.5%-37.3%) of anti-RBD IgG antibodies. Only
1 sample in this cohort had a.i. of 64.7%, probably due to
previous unregistered antigen exposure. As expected, these
results propose the presence of unmatured virus-specific 1IgG [4].
To analyze the longevity of humoral immunity to SARS-CoV-2
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in convalescent patients, blood samples were collected 4-6
months later. All samples remained positive for anti-RBD and
anti-Nc IgG (Fig. 2, Table 2). Median anti-RBD p.i. dropped from
10.5 t0 6.8 S/CO and median anti-Nc p.i. — from 9.4 t0 7.4 S/
CO. Samples with low anti-RBD IgG levels (S/CO <5) at the first
time point were obtained after 10-12 days after the symptom’s
onset, thus, they had not enough time to reach peak of serum
antibody concentrations due to heterogeneity of SARS-CoV-2
incubation period and variability in the individual dynamics of
Ab production. However, four months later all patients with one
exception had similar levels of anti-RBD IgG (Me S/CO 6.8, IQR
6.3-8.9).

Although we detected a 1,5-fold decrease of anti-RBD IgG
levels of this cohort, the neutralization activity remained at high
level without significant difference between first and second
time points which indicates that the quantity of antibodies is not
the only determinant of the neutralizing activity. Preservation of
high neutralization effects can be due to the compensation
of decreased antibody concentration by improved quality
(specificity and affinity) during this period. On the other hand,
the observed effect may be due to the peculiarities of the test
system used in the study. Since the measured values are near
the limit of quantification of the system it does not allow to
reliably assess the changes in neutralizing activity. Additional
experiments are required to access neutralization dynamics
more precisely. During the same observation period anti-
RBD IgG avidity increased significantly, reaching a high avidity
level (>50%) in 78% of patients. Median avidity at the second
time point was 61.4% (min-max 18.2-86.9%). Remaining
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Fig. 2. Anti-RBD IgG conversion (A) and avidity dynamics (B) in the studied groups
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6 patients (22%) had intermediate (40-50%, "maturation zone")
or low (<40%) anti-RBD IgG avidity. Importantly, five of low- and
intermediate-avidity patients had moderate or severe disease
(Fig. 3). One patient (Fig 1A, orange circles) had low levels of anti-
RBD IgG and neutralization activity at both time points, but his
anti-RBD IgG avidity increased from 20.4 to 42.7%. To the end
of the hospitalization period most patients possessed strong
lgG response to SARS-CoV-2 antigens and their antibodies
were effective at preventing RBD binding to human ACE-2.
During the next months affinity maturation of anti-RBD IgG
response occurred and overall concentration of anti-RBD
and anti-Nc IgG decreased, neutralization activity remained
at high level.

In a group of healthy Sputnik V vaccinated volunteers (Fig. 1B)
8 out of 9 samples were positive for anti-RBD IgG at the first
time point (median of 147 days after the initial vaccination)
with 4.9 S/CO (min-max 1-7.9). Four months later (261 days
post initial vaccination), the median anti-RBD IgG p.i. dropped
significantly to a median level 1.7 S/CO although 7 out of 9
volunteers still remained positive for anti-RBD IgG. None
of the volunteers had detectable IgG to Nc, indicating there
were no cases of infection with SARS-CoV-2 in this group.
The neutralization correlated the IgG dynamics and decreased
significantly in all samples from median 57.4% in the first
time point to median 30.6% in the second time point. On the
opposite, the avidity remained at the same high level indicating
that at the first time point (147 days post vaccination), antibody
maturation occurred in all vaccinated volunteers. However, for
3 samples (33%) at the second time point it was impossible to
estimate the avidity as the level of anti-RBD IgG was too low
(Fig. 1B, highlighted in blue).

B Avidity in groups
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In a group of Sputnik V vaccinated patients with confirmed
COVID-19 (Fig 1C, Table 1) the median time from receiving a
first vaccine dose was 62 days (ranging from 30 to 88 days)
and the median time of sampling from symptoms onset was
10 days (5 to 19 days). At that time 6 out of 9 samples were
positive for anti-RBD IgG with median 4.3 S/CO and only two
were positive for anti-Nc IgG. All anti-RBD positive samples and
one negative sample were positive in the neutralization ELISA
(median 71.6%, min-max 7.4%-98.6%). Most of the samples
(66.7%) demonstrated low avidity antibodies with median a.i.
27.6% (min-max 0%-71.1%). The second sampling time point
in this group was around the 16th day after the symptoms
onset. One week after the first sampling, the median S/CO of
anti-RBD IgG in general did not change significantly (median
7 S/CO, min-max 0.8-11.2), however, 7 out of nine patients
were seropositive after the infection and/or vaccination. The
neutralization did not significantly change compared to the first
time point (median 92.9%, min-max 23.2%-99.2%), the same
was observed for avidity. Neutralization activity in two samples
with low levels of anti-RBD IgG increased significantly to 85
and 89%, probably due to anti-RBD IgM production. (Fig. 1,
yellow dots)
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DISCUSSION

In COVID-19 patients, neutralizing antibody titers correlate with
the severity of the infection [5, 6] and can be achieved even at
low somatic hypermutation [7, 8]. The RBD region is found to
be immunodominant and it is the target of approximately 90%
of the neutralizing antibodies presented in the sera of SARS-CoV-2-
infected people. Furthermore, it has been determined that
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Fig. 3. Antibody levels in patients with different disease severity

anti-RBD IgG titers decrease with time post symptom onset,
presenting a half-life of approximately 49 days. Importantly,
antibody avidity increases over time due to increased
maturation (somatic hypermutation, followed by selection
in germinal centers). In the serum of hospitalized COVID-19
patients, there is a higher number of IgG against S protein and
RBD, compared with that in non-serious and asymptomatic
patients [9]. It was previously shown that antibody avidity
increased over duration of infection and remained elevated [1].
In convalescent donors’ plasma higher neutralizing titer had
a stronger positive correlation with anti-spike IgG avidity than
with anti-nucleocapsid IgG avidity proposing the anti-RBD IgG
to be the main source of neutralizing activity.

Comparing samples of hospitalized patients and vaccinated
volunteers 4-6 months after the infection or the vaccination,
vaccinated volunteers had significantly lower levels of anti-RBD
IgG and neutralization activity, but significantly higher anti-
RBD IgG avidity (Fig. 4A, C). All hospitalized patients remained
positive for anti-RBD IgG, while in one of the vaccinated
volunteers antibody levels dropped below baseline (Fig. 4C).

When comparing the groups of Sputnik V fully vaccinated
patients and unvaccinated patients samples, collected during
the acute phase of infection (2-3 weeks after symptoms
onset) it was shown that, in vaccinated patients antibody
levels to both RBD and Nc antigens were significantly lower,
than in unvaccinated patients (Fig. 4B). Anti-RBD IgG avidity
was significantly higher in vaccinated patients indicating that
despite low antibody levels, vaccination did induce primary
immune response and formation of memory B-cells and their
antibody production during the infection demonstrates signs
of secondary immune response. In the long-term perspective
antibody affinity maturation rate is higher after vaccination than
after natural infection. Although it is proposed that antibody
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maturation increases their neutralization potency [10], here we
observe no significant correlation between these parameters.

Our study is under certain significant limitations. First of all,
it is based on a small number of samples. Patients in this study
had a limited spectrum of COVID-19 clinical manifestations.
Particularly, our research does not include asymptomatic and
outpatient individuals with a mild course of disease, which
represent the most of COVID-19 cases in comparison with
other disease manifestations. Second, we could not estimate
the peaks of antibody production and maturation as only two
timepoints were analyzed in each group.

CONCLUSIONS

We observed the anticipated dynamics of Ab levels in
convalescent patients with the peak at acute phase followed
by gradual decrease in the subsequent months. But despite
the loss of anti-RBD antibodies concentrations, serum
neutralization activity remained at high/sufficient level, probably
due to improved Ab specificity and increased avidity. Here, we
demonstrated the formation and persistence of high avidity
IgG for at least 6 months after Sputnik V immunization. It
indicates that protectivity markers remain at sufficient levels for
at least 4-6 months after the infection or the vaccination. These
results give rounds for the half-year period chosen for booster
immunization with Sputnik V in Russia. Based on our data one
can't estimate the proportion and characteristics of patients
requiring earlier revaccination due to drop of vaccine-induced
protection before the 6 months period. We propose that low
anti-RBD IgG avidity two months after vaccination could be
one of the potential markers for preliminary revaccination.
Possibly this may indicate that estimation of RBD-specific
antibodies avidity can serve not only as a prognostic marker of
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Fig. 4. Comparison of immune responses in different groups. (A) Comparison of unvaccinated convalescent patients and healthy vaccinated volunteers 4-6 months
after the infection/vaccination. (B) Comparison of vaccinated and unvaccinated patients in the acute phase of infection (2-3 weeks from symptoms onset). (C)
Comparison of anti-RBD IgG conversion in the studied groups. (D) Comparison of sera avidity dynamics in the studied groups. Significant differences are shown as
asterisks (Mann-Whitney U test)

disease severity, but also to determine individuals, who require
revaccination earlier than 6 months after receiving the initial
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GUT MICROBIOTA ALTERATIONS AND THEIR RELATIONSHIP TO THE DISEASE SEVERITY
AND SOME CYTOKINE PROFILE INDICATORS IN PATIENTS WITH COVID-19

Gumenyuk LN, Golod MV, Silaeva NV, Sorokina LE =, llyasov SS, Androschyuk NA, Krivoshapko OR, Velilyaev AM, Asanova LN
Vernadsky Crimean Federal University, Simferopol, Russia

Gut microbiota is an essential element of maintaining the immune homeostasis, including in individuals with COVID-19. The study was aimed to assess taxonomic
changes in the gut microbiota and their relationship with the disease severity and the levels of IL6, IL10, IL17, and TNFa in patients with COVID-19. A total of 110
patients with COVID-19 (index group) and 98 individuals with no COVID-19 (control group) were enrolled to the comparative cross-sectional study. The gut micribiota
composition was determined by shotgun sequencing. Blood serum levels of IL6, IL10, IL17, and TNFa were assessed by enzyme-linked immunosorbent assay.
The following significant changes in the gut microbiota composition were observed in patients with COVID-19 in contrast to controls: decreased abundance of
B. adolescentis (p = 0.048), E. rectale (p = 0.036), F. prausnitzi (p = 0.0002), B. dorei (p < 0.001), and increased abundance of R. gnavus (p = 0.012), CI. hathewayi
(o = 0.003), E. faecium (p = 0.0003). Correlations were established between the abundance of B. dorei and the IL6 levels (r = 0.49; p = 0.034), the abundance of
F. prausnitzii and the levels of IL10, IL17 (r = 0.44; p = 0.001 and r = -0.52; p < 0.001, respectively). The abundance of R. gnavus correlated with the TNFa levels,
and the abundance of E. faecium was related to the levels of IL6 (r = 0.47; p = 0.002) and TNFa (r = 0.56; p = 0.001). The relationship between the abundance of
B. dorei, F. prausnitzii, E. faecium and the higher SHOKS-COVID clinical assessment scale scores was also revealed (r = —0.54; p = 0.001, r = -0.60; p < 0.001
and r = 0.67; p = 0.005, respectively). Targeted correction of gut microbiota may improve the COVID-19 treatment efficacy.

Keywords: COVID-19, SARS-CoV-2, gut microbiota, cytokine status
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M3MEHEHNA MUKPOBUOTbI KULLEYHUKA N X CBA3b C TAXXECTbIO 3ABOJIEBAHUA
N HEKOTOPbIMW NMOKASATENAMU LIUTOKNHOBOIO NMPO®PUNA Y MALIMEHTOB C COVID-19

J1. H. Tymertok, M. B. Tonog, H. B. Cunaesa, J1. E. CopokuHa ™, C. C. Vnbsicos, H. A. AHgpotuyk, O. P. KpvsoLuanko, A. M. Bermnges, J1. H. AcaHosa
KpbIMcKkuii hefiepanbHbiii yHuBepeuTeT Umern B. U, BepHagckoro, Cumdeponons, Poccus

BarkHoln cocTaBnstoLLent noaaepaHns MMMyHHOro roMeocTasa B ToM vmche npu COVID-19 aengeTca MvkpobunoTa kuwedHuKa. Liensto paboTbl 66110 U3y4mTs
N3MEHEHVS TAaKCOHOMMHECKOrO COCTaBa MUKPOOMOTbI KMLLIEYHMKA 1 XapaKTep VX B3aUMOCBA3N C TSHKECThIO 3abonesanns, cogepkanvem IL6, IL10, IL17 n TNFa
y naupeHToB ¢ COVID-19. B 0AHOMOMEHTHOM CpaBHUTENBHOM 1UCcneaoBaHn NpuHsnn yqactve 110 naumertoB ¢ COVID-19 (ocHoBHas rpynna) n 98 nuu, He
NHULMPoBaHHbIX COVID-19 (koHTponeHas rpynna). OLeHKy cocTaBa MMKPOOMOTbI KMLLEYHVKA NMPOBOANIM METOAOM LUOTraH-CEKBEHMPOBaHNS. YposeHb L6,
IL10, IL17 n TNFa B CbIBOPOTKE KPOBW OMpeaensnm ¢ noMoLLpto TBepAodasHoro MMMyHOMEPMEHTHOro aHanmaa. ObHapy>KeHbl CTaTUCTUHECKN 3HAYMMbIE
N3MEHEHWSI B COCTaBE KMLLIEYHON MUKPOBMOTbI Y MaumeHToB ¢ COVID-19 B 0TAnYME OT KOHTPOMBHOW MpyMbl: CHXKEHNEe YncneHHocTy B. adolescentis (p = 0,048),
E. rectale (p = 0,036), F. prausnitzi (p = 0,0002), B. dorei (p < 0,001) 1 noBblLeHWe YmcneHHocTn R. gnavus (p = 0,012), Cl. hathewayi (p = 0,003), E. faecium
(o = 0,0003). YcTaHoBneHa koppensauns YicneHHocTn B. dorei ¢ nokadatenem IL6 (r = 0,49; p = 0,034), uncnenHoctv £ prausnitzii v nokadatenen IL10, IL17
(r=0,44; p =0,001 nr=-0,52; p < 0,001 cOOTBETCTBEHHO). Y1CNEHHOCTb R. ghavus koppenvpoBana ¢ nokadatenem TNFa, a YicneHHocTb E. faecium — c IL6
(r=0,47; p =0,002) 1 TNFa (r = 0,56; p = 0,001). TakxKe BbIABNEHa CONPSPKEHHOCTb YICNeHHOCTW B. dorei, F. prausnitzii v E. faecium ¢ 6onee BbICOK/MM Bannamu
Mo LKane OUeHKN KnHndeckoro coctosHns LLIOKC-KOBWL, (r = -0,54; p = 0,001, r = -0,60; p < 0,001 nr = 0,67; p = 0,005 cootBeTCTBEHHO). HanpasneHHas
KOPPEKLNS KULLIEYHOW MUKPOBUOTBI MOXKET YNydLLNTb 3peKTMBHOCTL NedeHns COVID-19.

KntoueBble cnoa: COVID-19, SARS-CoV-2, M1MKpoburoTa KULEYHNKa, LIMTOKNHOBBIN CTaTyC

Bknapg aBTopos: J1. H. TymeHtok, J1. E. CopokvHa — CyLLieCTBEHHbIN BKaz, B 3aMbicen 1 andaiiH nccnegosanns; M. B. Tonopg, H. B. Cunaesa, H. A. AHgpoLlyk — coop,
aHanmM3 nHTepnpetauvs AanHbix; C. C. VinbacoB — cratucTnyeckas 06paboTtka aanHbix; O. P Kpusowwanko, A. M. Benunsies, J1. H. AcaHoBa — noarotoBka pyKonmeu.
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World Health Organization declared the pandemic in response
to the novel coronavirus infection, caused by the SARS-CoV-2
virus, which was named COVID-19 [1]. Severe forms of this
disorder are associated with progressive viral pneumonia and
acute respiratory distress syndrome (ARDS). The increasing
systemic inflammation plays a vital part in the COVID-19
pathophysiology. Excessive cytokine production, which is

caused by SARS-CoV-2 and known as cytokine storm,
is closely related to the disease severity [2]. High levels of
interleukins IL1a, IL1RA, IL6, IL8, IL9, IL10, IL17, C-reactive
protein (CRP), tumor necrosis factor (TNFa), are found in
patients with COVID-19 [3-5].

Accumulated data of the in vitro and in vivo studies show that
gastrointestinal tract (GIT) is also susceptible to COVID-19. For

BULLETIN OF RSMU | 1, 2022 | VESTNIKRGMU.RU



example, studying the in vitro model, simulating the cellular and
spatial intestinal structure, showed the SARS-CoV-2 capability
of infecting enterocytes [6]. The frequency of gastrointestinal
symptoms in patients with COVID-19 reaches 20% [7]. This is
caused by the SARS-CoV-2 ability to enter cells by binding to
the angiotensin-converting enzyme 2 (ACE2) receptor, which is
intensively expressed on the enterocyte surface in the ileum and
colon. The latter results in gastrointestinal symptoms due to the
virus-induced immune-mediated damage [8]. Moreover, viral
RNA of SARS-CoV-2 can be detected in fecal samples more
than 30 days after the disease onset [9]. In this regard the role
played by gut microbiota is actively discussed in literature. As
is known, gut microbiota is an essential element of maintaining
the immune homeostasis. For its part, gut microbiota dysbiosis
is directly related to numerous inflammatory disorders [10].
Strong evidence of quantitative changes in the gut microbiota
of patients with COVID-19 is provided [11]. In general, a
downward trend in the bacterial species diversity is observed
in patients with COVID-19, together with the depletion of
beneficial commensals and enrichment in pathobionts [12].
However, information about the species composition of gut
microbiota is fragmented and conflicting. Taking into account
the potential of interactions, realized through the gut-lung
axis, to increase the host susceptibility to viral infections and
reduce the functional activity of immune cells, thus cotributing
to systemic hyperinflammation and cytokine storm syndrome,
further investigation of the gut microbiota alterations and their
relatioship with the cytokine status indicators in patients with
CQOVID-19 is relevant.

The study was aimed to assess taxonomic changes in the gut
microbiota and their relationship with the disease severity and the
levels of IL6, IL10, IL17, and TNFa in patients with COVID-19.

METHODS

A total of 110 patients with COVID-19 (66 females (60.0%),
44 males (40.0%); the average age was 28.6 + 8.4 years),
who had been admitted to hospitals, working in the Obligatory
Medical Insurance system in Simferopol (index group, 1G), and
98 healthy volunteers with no COVID-19 (61 females (62.2%),
37 males (37.8%); the average age was 29.2 + 7.6 years), who
had their annual health examination at the Gemokod medical
center, Simferopol (control group, CG), were enrolled to the
comparative cross-sectional study by continuous sampling.

Inclusion criteria for the 1G: age 18-45 years; COVID-19,
confirmed by positive polymerase chain reaction (PCR) test for
the SARS-CoV-2 RNA and/or the typical multislice computed
tomography (CT) findings of viral pneumonia; mild, moderate or
severe COVID-19.

Exlusion criteria for the IG: extremely severe COVID-19;
type 1 or 2 diabetes mellitus; obesity; myocardial infarction,
severe cardiac arrhythmias, heart failure; history of
hypertensive disease, stroke, transient ischemic attack;
acute cerebrovascular disease (within six months before the
beginning of the study); severe or decompensated concomitant
somatic diseases, which could make it more difficult for the
patient to participate in the study and affect the study results;

Table 1. Characteristics of patients with COVID-19 and healthy volunteers

OPUIMMHAJIBHOE NCCJIEQOBAHNE | MUKPOBWOJIONMA

irritable bowel syndrome; chronic gastrointestinal and liver
diseases; hematological and oncological diseases; history
of mental disorders, alcoholism or drug addiction; taking
antibiotics, probiotics, prebiotics, antiviral drugs, symbiotics
or acid-suppression medications within three months before
the beginning of the study; taking medications, affecting the
passage of stool, within a month before the beginning of the
study; refusal to participate in research.

Inclusion criteria for healthy volunteers: age 18-45 years;
no COVID-19, confirmed by PCR test for the SARS-CoV-2
RNA; no chronic disorders or allergic reactions; no infectious
or acute disorders within two months before the study; no
history of mental disorders, alcoholism or drug addiction; no
abnormal passage of stool (constipation/diarrhea); taking no
antibiotics, probiotics, prebiotics, antiviral drugs or symbiotics
within three months before the beginning of the study; taking
no medications, affecting the passage of stool, within a month
before the beginning of the study.

Exlusion criteria for healthy volunteers: body temperature
above 36.9 °C; refusal to participate in research.

Characteristics of patients with COVID-19 and healthy
volunteers are presented in  Table 1. The groups were
comparable in gender (o = 0.96; x?), age (o = 0.92; x°), and
body mass index (o = 0.054; x?).

Clinical characteristics of patients with COVID-19 are
provided in Table. 2. Individuals with moderate COVID-19 (80
patients (72.7 + 0.68%)) predominated among patients. Fever
(103 patients (94.2%)) and cough (96 patients (86.9 + 0.61%))
were the most common symptoms of the disease. According
to CT images, viral pneumonia was diagnosed in 95 patients
(67.1 + 0.38%).

In all patients, the diagnosis of COVID-19 was confirmed
by PCR test for SARS-CoV-2 (specimens were obtained from
nasopharyngeal and oropharyngeal swabs) and/or typical
multislice CT findings of viral pneumonia. The diagnosis and
severity of COVID-19, as well as the extent of pneumonia on
CT images, were assessed in accordance with the Temporary
Guidelines on Prevention, Diagnosis and Treatment of Novel
Coronavirus Infection (COVID-19) of the Ministry of Health of
the Russian Federation, versions 6-9.

The original Clinical Assessment Scale for patients with
coronavirus infection (SHOKS-COVID) was used to objectify
the severity of clinical manifestations [13].

In order to analyze the taxonomic composition of the
patients' gut microbiota, fecal samples were collected on the
first day of hospital stay (in the morning, 8 a.m. to 10 a.m.). The
samples were frozen and stored in disposable plastic containers
at a temperature of —80 °C before the metagenomic analysis.
Total DNA was isolated by the phenol-based extraction.
Nucleotide sequence of the DNA isolated was determined by
shotgun sequencing using the SOLID 5500 Wildfire system for
high-throughput sequencing (AppliedBiosystems; USA) [14].

QIIME software version 1.9.1 was used to filter the reads
based on their quality and perform taxonomic classification
[15]. The approach, involving the use of two taxonomic
databases, was applied to perform the taxonomic assignment
of the reads. At the first stage, the reference set of the bacterial

Indicators

Index group (n = 110)

Control group (n = 98)

Females / males (n, %)

66 (60.0) / 44 (40.0)

61(62.2) /37 (37.8)

Average age years (M + CD)

28.6 + 8.4

292+7.6

Body mass index, kg/m? (M + CD)

23.4+4.2

23.7 +3.6
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Table 2. Clinical characteristics of patients with COVID-19

Indicator Index group (n=110)
Mild course (n, %) 7 (6.3
Moderate course (n, %) 80 (72.7)
Severe course (n, %) 23 (21.0)
Fever 103 (94.2)
Sore throat 68 (61.8)
Cough 96 (86.9)
Shortness of breath 63 (56.9)
Nausea 37 (33.6)
Diarrhea 24 (22.1)
Temperature, median [25%; 75%] 37.8 [36.7; 37.9]
RR per minute, median [25%; 75%] 20.0[17.0; 22.0]
HR, beats/min (m + CD) 89.9 + 16.1
SBP, mm Hg, median [25%; 75%] 120 [120; 132]
80,, %, median [25%; 75%] 96.0 [94.0; 98.0]
Severity of the condition, SHOKS-COVID score, points, Me [25%; 75%] 3.4[1.6; 6.1]
CT stage — 0 (n, %) 25 (22.6)
CT stage CT-1 (n, %) 41 (37.4)
CT stage CT-2 (n, %) 32 (29.1)
CT stage CT-3 (n, %) 12 (10.9)

Note: RR — respiratory rate, HR — heart rate, SBP — systolic blood pressure, SO, — oxygen saturation, CT — computed tomography.

operational taxonomic units (OTUs) was selected based on
the comparison of the 16s rRNA gene reads obtained with
the GreenGenes database, version 13.5 [16]. At the second
stage, taxonomic assignment of these OTUs was performed
using the RDP algorithm based on the custom human intestinal
database, HITdb [17].

Qualitative and quantitative asessment of the gut microbiota
composition involved identification of species, genera, and phyla
of microorganisms. Assessment of a-diversity by calculating
the Chao1 index, number of the taxa observed (Sobs), and the
indicator of species richness (ACE), was performed with the
Mothur v.1.22.0 software (http:// www.mothur.org).

IL6, IL10, IL17 and TNFa were selected as the cytokine
profile markers, which was due to their key role in the
pathogenesis of cytokine storm and ARDS [3-5].

Blood samples were collected from peripheral vein during
the first day of hospital stay. Blood was taken in the morning
(between 7 and 9 a.m.) in a fasting state at rest (for at least
15 min). Test tubes containing blood serum were frozen and
stored at a temperature of —20 °C. Serum levels of IL6, IL10,
IL17, and TNFa were assessed using the enzyme-linked
immunosorbent assay (ELISA) test system (Vector-Best; Vector-
Best; Novosibirsk, Russia) with the Elisys Quattro automated
ELISA analyzer (Human GmbH; Germany).

Statistical data processing was performed using the
STATISTICA 8.0 software package (StatSoft. Inc.; USA). In case
of normal distribution, the mean and the standard deviation were
defined, and in case of non-normal distribution, the median, 25
and 75th percentiles were calculated. Distributions were tested
for normality using the Gaussian distribution. Percentage and
absolute values were defined for qualitative traits. Comparative
analysis for the normal distribution of quantitative traits was
performed using the parametric Student's ftest. In case of
non-normal distribution it was performed using the Mann-
Whitney U test, and comparative analysis of quantitative traits
was carried out using the chi-squared test (x?). Spearman's
correlation coefficient was used to assess the relationship
between the traits. The differences were considered significant

when p < 0.05. Correlation analysis and multiple rank correlation
were also applied, and the correlations' significance was tested
with the contingency tables.

RESULTS

Assessing the taxonomic composition of gut microbiota
revealed a significant decrease in the a-diversity of the bacterial
community (Chao1 index; p = 0.016) in patients with COVID-19
compared to controls. The ACE and Sobs indices were also
slightly decreased in the group of patients with COVID-19
compared to the CG, however, no significant differences were
observed (p = 0.054; p = 0.052, respectively) (Fig. 1).

Comparison of the species composition of gut mocrobiota
revealed a significant decrease in the abundance of
Bifidobacterium adolescentis SPM1005-A (o = 0.048),
Eubacterium rectale ATCC 33656 (p = 0.036), Faecalibacterium
prausnitzi A2-165 (p = 0.0002), Bacterioides dorei DSM 17855
(o = 0.001) in patients with COVID-19 compared to controls,
together with the increased abundance of Ruminococcus
gnavus ATCC 29149 (p = 0.012), Clostridium hathewayi
DSM-13479 (p = 0.008), and Enterococcus faecium W54
(o = 0.0009) (Fig. 2).

Serum levels of IL6, IL10, IL17, and TNFa were significantly
higher in patients with COVID-19 compared to the CG (Table 3).

Clarification of the relationship between the gut microbiota
alterations and some cytokine profile indicators in patients with
COVID-19 revealed significant correlations between the
abundance of B. dorei and the IL6 levels (r = —0.49; p = 0.034),
abundance of F. prausnitzi and the IL10, IL17 levels (r = -0.44;
p =0.001 and r=-0.52; p < 0.001, respectively). The abundance
of R. gnavus correlated with the levels of TNFa (r = 0.51;
p = 0.036), and the abundance of E. faecium was related to the
levels of IL6 (r=0.47; p = 0.002) and TNFa (= 0.56; p = 0.001).
Correlation analysis also revealed the relationship between the
abundance of B. dorei, F. prausnitzi, E. faecium, and the higher
SHOKS-COVID scores (r = -0.54 and p = 0.001; r = -0.60 and
p < 0.001; r=0.67 and p = 0.005, respectively).
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Fig. 1. Comparative analysis of the gut microbiota phylogenetic composition in patients with COVID-19 and healthy volunteers. IG — index group, CG — control group

DISCUSSION

In a number of previous studies, alterations in the composition
of gut microbiota in patients with COVID-19 have been reported
[7, 11, 12]. Our findings have also shown significant differences
in the composition of gut microbiota between patients with
CQOVID-19 and individuals with no COVID-19. According to our
data, patients with COVID-19 have a lower bacterial a-diversity
compared to individuals with no COVID-19, which is confirmed
by the significantly lower Chao1 index and is consistent with
the results of previous studies [11]. In patients with COVID-19,
gut dysbiosis is characterized by the decreased abundance
of bacteria having the immunomodulatory potential, the type

0.0 10.0
1

representatives B. adolescentis, E. rectale, F. prausnitzi,
B. dorei, that are known to be the main butyrate-producing
bacteria (butyrate is a powerful anti-inflammatory metabolite).
At the same time, we have revealed the increased abundance
of potential pathobionts: the bacteria R. gnavus, Cl. hathewayi,
and E. faecium. Among them, E. faecium is noteworthy, the
presence of which in fecal samples of patients with COVID-19
has been previously reported by Italian researchers [18]. High
levels of E. faecium in the gut microbiota of critically ill patients
could be of some clinical significance due to the E. faecium
pathogenic potential, resistance to common antimicrobial
drugs, and the ability to rapidly acquire genetic material or
alter gene expression, allowing the bacteria to acquire the
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Fig. 2. Comparative analysis of the genus-level gut microbiota composition in patients with COVID-19 and healthy volunteers. IG — index group, CG — control group
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Table 3. Comparative analysis of cytokine profile in patients with COVID-19 and healthy volunteers (m + CD)

Indicator Index group n= 110 Control group n =98 p
IL6, pg/mL 10.5 £ 6.6 3.8+1.8 p=0.036
IL10, pg/mL 9.3+54 29+11 p=0.021
IL17, pg/mL 49+22 24141 p=0.046
TNFa, pg/mL 179 + 8.6 52+24 p=0.012

resistance determinants to almost all antibacterial agents [19,
20]. Independently from the strain of the genus Enterococcus,
gut microbiota of patients with COVID-19 can therefore
function as a reservoir of the potentially antibiotic-resistant
opportunistic pathogens, able to migrate through the damaged
epithelial barrier into the systemic circulation, as has already
been shown in the context of other disorders [20]. Our findings
are to some extent consistent with the previously reported
research data. For example, in one of the studies, patients with
COVID-19 were characterized by the decreased abundance
of B. dorei, and the increased abundance of E. faecium [18].
In another study, patients with COVID-19 were characterized
by the decreased abundance of B. adolescentis, E. rectale,
F prausnitzi, and the increased abundance of bacteria
R. gnavus [21]. The contrasting data patterns could be
due to the fact, that the studies were carried out in different
geographic regions with the use of different inclusion criteria.
The groups varied considerably in age: 28.6 + 8.4 years in our
study vs. 73.0 [59.0; 85.0] in the previously reported study [18],
and 36.4 + 18.7 years in the study [21]. Moreover, in contrast
to the listed above researhers, we did not study patients with
somatic comorbidities and patients, taking antibacterial and/or
antiviral medications, in order to mitigate their influence on the
study results.

Despite the fact that some bacteria identified could be
common to a number of other disorders, both gastrointestinal
and systemic, the determined relationship between the
decreased levels of B. dorei, F. prausnitzi, increased levels of
E. faecium and the higher SHOKS-COVID scores suggests that
changes in the abundance of these bacteria may be typical
for this cohort of patients with COVID-19. We have compared
the associations determined with the results of earlier studies.
Thus, depletion of members of the genus Bacteroides was
observed in patients, admitted to the intensive care unit [18].
It is interesting that in another study [7], the abundance of
B. dorei negatively correlated with the SARS-CoV-2 load in
the faeces of patients with COVID-19. The researchers noted
that, taking into account the association of this bacterium with
the decreased ACE2 receptor expression in the murine colon,
B. dorei could potentially provide protection against the SARS-
CoV-2 virus. Data are presented on the negative correlation
between the bacterium F. prausnitzii, known for its anti-
inflamsnmatory effect, and the COVID-19 severity [7]. At the same
time, higher abundance of strains of the genus Enterococcus
(o =0.0001) was observed in patients with COVID-19, admitted
to the intensive care units, compared to patients, admitted to the
general medicine units [18]. It can be assumed that terapeutic
upscaling of B. dorei, F. prausnitzii together with the E. faecium
downscaling is effective for mitigation of the disease severity.
However, further research with appropriate design is required to
confirm this hypothesis. Some authors point out that prebiotics
and/or probiotics may be used as a potential (additional) vector
of the COVID-19 therapy to reduce the disease severity and
minimize the risk of secondary bacterial infections [22, 23].

A number of studies have proven the impact of gut microbiota
on the susceptibility to infectious and noncommunicable
diseases [24]. It has been specified that the intestinal flora

immunomodulatory effect is realized through activation
of genes, encoding a number of cytokines in the immune
and epithelial cells, which determines heterogeneity of their
immunomodulatory properties [25]. It has been reported that
heterogeneity of the immunoregulatory effects is typical for both
dominant and associative microsymbionts [26]. Thus, cumilative
effects of the normal bacterial flora representatives on the
secretion of cytokines by human immune cells in the conditions
of eubiosis ensure the cytokine balance, characterized by
moderate levels of pro-inflammatory cytokines (IL6, TNFa)
and regulated by the suppressing effects of antiphlogogenic
cytokines. Thus, in the context of increasing antigen load in
dysbiosis through activation of toll-like receptors, the increased
production of a whole range of pro-inflammatory cytokines is
observed. These cytokines promote both local inflammation
and the effector immune response in the gut-associated
lymphoid tissue, protecting the body from pathogens [27].

As previously reported, COVID-19 infection is associated
with the increased levels of cytokines IL6, IL10, IL17, and TNFa
[4]. In our study, significant differences in the levels of IL6, IL10,
IL17, and TNFB between patients with COVID-19 and healthy
volunteers were also observed.

It is assumed that the COVID-19 severity results from the
cytokine storm [4]. It is noteworthy that some of the listed above
cytokines correlate with the gut microbiota pattern, the specific
profile of which is capable of inducing the cytokine storm.
Our study revealed the correlation between the abundance of
bacteria B. dorei and the levels of IL6 in patients with COVID-19.

We have revealed the relationship between the abundance
of bacteria F. prausnitzi and the levels of IL10, which could be
mediated by the decreased secretion of metabolites, blocking
the NF-kB transcription factor activation and the IL8 production.
For example, the in vivo study showed that activation of the
peripheral blood mononuclear cells by F. prausnitzi resulted in
the significantly reduced secretion of IL12 and TNFa, together
with the increased secretion of IL10 [28]. Furthermore, the
abundance of bacteria F. prausnitzi negatively correlated with
the IL17 levels. When performing literature analysis, we have
found no publications on studying the relationship between
gut microbiota and IL17 in patients with COVID-19. At the
same time, it has been shown that £ prausnitzi inhibits IL17
production in rats [29]. Studying the experimental colitis model
has deminstrated that bacteria £ prausnitzi exert their anti-
inflammatory effects due to production of butyrate, which
maintains the balance between the pro-inflammatory T helper
17 cells (Th17) and immunoregulatory T cells (Treg) via inhibition
of histone deacetylase 1. In turn, imbalance between Th17 and
Treg promotes autoimmune inflammation [30].

We have also revealed the relationship between the
abundance of the bacteria Ruminococcus gnavus and the
TNFa levels. These data are consistent with the previously
reported research results [31], showing that higher levels of
R. gnavus in patients with COVID-19 correlate with the surge
of pro-inflammatory cytokines IFNy and TNFa, resulting in the
cytokine storm and activation of the type 1 helper T cells.

We have discovered that the abundance of bacteria
E. faecium correlates with the levels of IL6 and TNFa. We
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have found the reports of similar correlations in patients with
ulcerative colitis [32] and AIDS/HIV [33].

Thus, in the context of the COVID-19-associated gut
dysbiosis, orientation of immunoregulatory effects towards pro-
and anti-inflammatory cytokines is limited in the normal flora
representatives, which contributes to the impaired homeostasis
and the development of inflammatory and autoimmune responses.

CONCLUSIONS

The relationship between the decreased levels of bacteria
B. dorei, F. prausnitzi together with the increased levels of
bacteria E. faecium and the higher SHOKS-COVID scores has
been defined in patients with COVID-19, which is indicative of
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MEROPENEM-INDUCED REDUCTION IN COLISTIN SUSCEPTIBILITY IN PSEUDOMONAS AERUGINOSA
STRAIN ATCC 27853

Savinova TA=, Bocharova YuA, Chaplin AV, Korostin DO, Shamina OV, Mayansky NA, Chebotar IV
Pirogov Russian National Research Medical University, Moscow, Russia

Antibiotic-resistant strains of Pseudomonas aeruginosa are a global threat to public health. The knowledge of mechanisms underlying antibiotic resistance is
essential to counter P aeruginosa infections. This study describes the phenomenon of meropenem-induced cross-resistance to colistin in the ATCC 27853 strain
of P aeruginosa. The study was conducted in the specimens of P aeruginosa grown from the reference ATCC 27853 strain in the medium containing meropenem
gradients. Susceptibility of the isolates to carbapenems and colistin was assessed using the agar dilution method; susceptibly to colistin was assessed using the
broth microdilution method. A total of 93 P Aeruginosa isolates were analyzed; of them two demonstrated reduced susceptibility to carbapenems (meropenem,
imipenem) and colistin. Whole-genome sequencing of the isolates was performed on a MGISEQ-2000 platform. Missense mutations in the oprD and mexD genes
and a nonsense mutation in the phoQ gene were detected. We conclude that exposure of P aeruginosa to meropenem can lead to cross-resistance to colistin, a
last resort drug for P aeruginosa infections.
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MEPOMNEHEM-NHAYLUNPOBAHHOE CHUXXEHUE YYBCTBUTEJIbHOCTU K KOJTUCTUHY
Y PSEUDOMONAS AERUGINOSA ATCC 27853

T. A. CaBuHoBa ™, tO. A. Bodaposa, A. B. HarmmH, [. O. KopocTuH, O. B. LLamuHa, H. A. MasHckuia, . B. HYe6oTapb
Poccuiickuin HaumoHanbHbI CCReaoBaTenbCKni MEAULIMHCKIA YHUBepcuTeT nmenn H. V1. Muporosa, Mockea, Poccus

HeuyBCTBUTENBHBIE K @aHTUOMOTMKaM LUTamMMbl Pseudomonas aeruginosa NpefcTaBnstoT cobolt robanbHyto Npobnemy B 34paBooxpaHeHun. Viccneposanne
MEXaHN3MOB BO3HWKHOBEHUSI PE3NCTEHTHOCTM NIEXUT B OCHOBE paspaboTkn crocobos 6opbbbl ¢ P aeruginosa. Llenbto paboTel 6bIn0 MccnegoBathb
BO3HWKHOBEHWE KPOCC-PE3NCTEHTHOCTM Y P aeruginosa B NpoLiecce ajantaumm K nonynspHoOMy aHTMOMOTUKY MeponeHemy. O6bekTamu ccnenoBanHuns Obinm
obpasLipl P aeruginosa, Nony4eHHble Npu pocTe pedepeHTHoro Wwramma P aeruginosa ATCC 27853 Ha cpefe C Bo3pacTaroLLelt KOHLEeHTpaumeln MeponeHema.
HyBCTBUTENBHOCTL M30ATOB K kapbaneHemam 1 KOMMCTUHY ONpeaensnv Npu NOMOLLW pasBefeHns B arape, YyBCTBUTENBHOCTb K KOMMCTUHY OLEHMBaNM METOAOM
CepuiHbIX passeneHni. beino nonydeHo 93 ndonata P aeruginosa, Apa 13 KOTOPbIX UMENN CHUKEHHYIO YyBCTBUTENBHOCTb OAHOBPEMEHHO K KapbaneHemam
(MeponeHeM, UMUMEHEM) 1 KONUCTUHY. [eHOMbI M30MISITOB CEKBEHMPOBaIN Ha MOSTHOreHOMHOM cekBeHaTope MGISEQ-2000; obHapy»keHbl MUCCEHC-MyTaLmumn B
reHax oprD n mexD n HoHceHc-MyTaums B phoQ. Mony4HHble peaynsTaTbl MOKa3biBatoT, YTO MPW BO3AENCTBUM MeporneHema Ha LTamMbl P aeruginosa MoxeT
pas3BMBaTbLCS KPOCC-PEIVCTEHTHOCTL K KOMIMCTVHY — Mpenapary pe3epsa s IeYEHNst CUHEMHOMHON NHDEKLMN.

KrnioyeBble cnosa: aHTVOVOTUKI, PE3NCTEHTHOCTb, Pseudomonas aeruginosa, MeporeHem, KOnmMcTyH
®duHaHcupoBaHue: paboTa BbiNosHeHa Npv NOAAEPXKKE rpaHTa Poccuitckoro Hay4Horo doHaa (MpoekT Ne 20-15-00235).

BnaropapHocTtu: asTopbl 6narogapsar LIeHTp BbICOKOTOMHOMO pefakTMpoBaHMs 1 reHETUHECKNX TEXHONOrmn ang tromeauumHel PrAQY BO PHMY um. H. .
Mporosa MuHagpasa PP 3a KOHCynsTaLmm N0 METOANYECKON YaCcTW UCCNeOoBaHNs.

Bknag aBTtopoB: T. A. CaBnHoBa — hopMasbHbIi aHanm3 AaHHbIX CEKBEHMPOBaHWS, noarotoBka pykoricy; FO. A. BodapoBa — MeToAonorvisi, hopMasibHbIin
aHanms; A. B. HannnH — dopmanbHbii aHanma gaHHbIX cekBeHmpoBanmst; . O. KopocTuH — MeTofonorvs, Banmaauys daHHbix; O. B. LLlamvHa — metoponorus;
H. A. MasHckuin, /. B. HeboTapb — KOHLENTyan3auus, pefaktupoBaHmne pyKonmncu.
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Pseudomonas aeruginosa is a significant opportunistic
pathogen and a serious burden to public health and economy
[1]. Especially dangerous are carbapenem-resistant strains of
P aeruginosa regarded by WHO as critical priority pathogens
[2]. This breeds the need for understanding mechanisms
underlying bacterial resistance to carbapenems. Research into
the molecular genetic underpinnings of carbapenem resistance
focuses mostly on B-lactamase-associated mechanisms
that are determined by plasmid genes and therefore can be
acquired through horizontal gene transfer. However, there

is another contributor whose role should not be overlooked:
induced mutations in the core genome of P aeruginosa
resulting in high-level carbapenem resistance [3]. There are two
approaches to the study of mutations conferring resistance to
carbapenems. The first involves the analysis of drug-resistant
isolates obtained from clinical, agricultural or environmental
sources. In the second approach, the evolution of antibiotic
resistance is modeled in vitro. For that, bacteria are grown in
antibiotic concentration gradients. A smart method for studying
mutational resistance has been proposed in [4]. Its authors
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created a spatiotemporal model that enabled migration of
Escherichia coli in trimethoprim and ciprofloxacin gradients and
generated a variety of mutants for further analysis. Interestingly,
some of the E. coli clones carried mutations that were not
linked to trimethoprim or ciprofloxacin resistance [4]. So, we
became curious to explore the direction and implications
of such mutations. Specifically, we were interested in the
clinically significant phenomenon of cross-resistance, in which
a mutation induced by exposure to an antibiotic could confer
resistance to other antibiotics [5, 6]. The aim of this study was
to test the hypothesis that P aeruginosa can develop cross-
resistance to other antibiotics while adapting to meropenem.

METHODS
Bacteriological study

In our experiment, we used the spatiotemporal model of
antibiotic resistance in motile bacteria [4]. The reference ATCC
27853 strain of P aeruginosa was precultured in semi-solid LB
agar (0.28% agarose) in a Petri dish at 37 °C for 24 h. After
24 h, the cells were harvested from the propagating colony
front and seeded onto another Petri dish with semi-solid LB
agar. The procedure was repeated 3 times. Then, 10 pl of
the grown bacterial culture was picked up with an inoculation
loop and introduced into the top layer (semi-solid agar) of the
culture medium contained in a device shown in the Figure. The
medium had a sandwich composition. The bottom layer was LB
Miller broth (Becton Dickinson; USA) supplemented with 1.6%
agarose, 30 pg/ml kanamycin sulfate, 100 pg/ml cycloheximide,
and meropenem taken at one of the concentrations shown in
the Figure. The optimum thickness of the bottom layer equaled
three-fifths of the total medium thickness (~2.0 cm). The
bottom layer was distributed into 5 isolated compartments of
the dish containing different concentrations of meropenem.
The middle layer (one-fifth of the total medium thickness) was
LB Miller broth supplemented with 2.0% agarose, 30 pg/ml
kanamycin sulfate, 100 pg/ml cycloheximide, and ink (4.0 ml
per 1L culture medium) added as a contrasting background
for photography purposes. The middle layer spread over the
bottom layer was solid. The top layer (one-fifth of the total
medium thickness) was semi-solid agar (Miller LB broth) with
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0.3% agarose, 30 pg/ml kanamycin sulfate and 100 pg/ml
cycloheximide.

The cells were incubated in air at 37 °C for 216 h. Every 12 h,
P aeruginosa samples were collected from the propagating
colony front and reseeded on Mueller—Hinton agar (Becton
Dickinson; USA) to obtain a sufficient amount of bacteria for
the subsequent analysis of their phenotypic traits (antibiotic
resistance profiles) and genomic changes.

Resistance to meropenem and imipenem was tested using
the agar dilution method described in [7]. Resistance to colistin
was assessed using the broth microdilution method following
the guidelines of the Clinical and Laboratory Standards Institute
(CLS) [8].

Bacterial DNA was isolated from the 24-h culture of
P, aeruginosa grown on Mueller—Hinton agar (Becton Dickinson;
USA) using a QlAamp DNA Mini Kit (Qiagen; Germany)
according to the manufacturer’s protocol. The obtained DNA
samples were stored at —20 °C.

To prepare genomic DNA libraries, 400 g of the isolated
bacterial DNA was sheared in an ultrasonicator (Covaris; USA).
The fragments were then end-repaired and ligated to MG
adapters (MGI; China). The libraries were purified on Agencourt
AMPure XP beads (Beckman; USA). Concentrations of the
bacterial DNA and DNA libraries were measured using a Qubit
4 fluorometer (Thermo Fisher Scientific; USA).

Whole-genome sequencing was performed using the
MGISEQ-2000 platform (MGl; China). Read length was 250 bp.

The quality of the raw sequence data was tested in FASTQGC;
the reads were trimmed in Trimmomatic v.0.38. Bacterial
genomes were assembled de novo using SPAdes 3.14 [9]. The
assembled sequences were tested for contamination using
Contest16S. The obtained genome assemblies were evaluated
in QUAST 5.0 [10]. Genetic similarity between the assembled
genomes was assessed in MUMmer [11]. The genomes were
annotated using RAST [12] and Prokka software [13]. To detect
the presence of single nucleotide polymorphisms (SNPs), the
short reads were mapped to the reference genome in Snippy
[14]. ATCC 27853 was used as a reference genome. The
detected variants were annotated and their influence on the
genes was predicted in SnpEff [15]. The search for antibiotic
resistance genes in the genomes assembled de novo, their
analysis and validation of the detected SNPs were all carried

Table. Characteristics of carbapenem-resistant strains of P aeruginosa with reduced susceptibility to colistin

P aeruginosa ATCC P, aeruginosa, P, aeruginosa
Methodology Characteristic 27853, isolate E62 isolate E74
reference
meropenem 0.25 pg/ml, 16 pg/ml, 16 pg/ml,
_— S R R
Phenotypic Agar dilution method,
tibility t
antibiotic susceptibiity to N 0.001 pg/ml, 128 pg/ml, 256 pg/ml,
susceptibility P S R R
nent
Broth microdilution method, - 0.5 pg/ml, 2 ug/ml, 4 pg/ml
o colistin . *

susceptibility to | | R

oprD wt Mutation resulting in Mutation resulting in
P G307D G307D
Carbapenem resistance genes
mexD wi Mutation resulting in Mutation resulting in
E89K E89K
Changes in genome
Colistin resistance gene hoQ wt Nonsense mutation Nonsense mutation
9 p resulting in Y290stop resulting in Y290stop
Polymorphism SNP —_ 134 177
Note: S — susceptible; | — intermediate; R — resistant; wt — wild type, matches the reference genome; SNP — single nucleotide polymorphism; * — according

to the CLSI criteria, the term “susceptible” cannot be applied to describe the susceptibility of P aeruginosa to colistin; all P aeruginosa strains for which colistin

MIC < 2 pg/ml are classified as susceptible at increased exposure.
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Fig. A device (MEGA-plate, 40 x 20 cm) for spatiotemporal modeling of meropenem resistance in P aeruginosa. The bottom of the device is divided into 5 sections
separated by 2.5-cm walls. The culture medium in the MEGA plate has a sandwich composition. The bottom layer contains solid LB agar (the description is provided in
the article) distributed into the sections. Each of the sections contains different concentrations of meropenem (shown on the right). The middle layer is LB agar without
meropenem. The top layer is semi-solid LB agar (Miller). The arrow indicates the inoculation site and the direction in which P aeruginosa propagates along the surface

of semi-solid agar.

out in BLASTn. The analysis of resistance determinants was
aided by ResFinder and the AMRFinderPlus algorithm included
in the NCBI Pathogen Detection pipeline [16, 17]

RESULTS

Atotal of 93 P, aeruginosa mutants with various phenotypic traits
(colony color, antibiotic resistance profile, mucoid/non-mucoid
phenotype) were harvested during 216 h of incubation. Among
those isolates, two strains (E62 obtained at 192 h of incubation
and E74 obtained at 216 h of incubation) demonstrated
significantly reduced (four- to eightfold) susceptibility to colistin
and high resistance to meropenem and imipenem. Phenotypic
and genotypic characteristics of these 2 strains are shown in
the Table.

For E62, meropenem and imipenem MICs were 16 pg/ml
and 128 pg/ml, respectively; for E74, they were 16 ug/ml
and 256 pg/ml, respectively, which satisfied the CLSI criteria
for antibiotic resistance. According to CLSI criteria, the E62
isolate was characterized as susceptible to colistin at increased
exposure; for this strain, colistin MIC was 4 times higher than
for the baseline strain. According to the CLSI criteria, the E74
strain was characterized as resistant to colistin (MIC: 4 pg/ml).

Both strains carried a mutation in the porin gene (oprD)
resulting in the substitution of glycine with aspartic acid at
position 307 of the protein. Besides, both isolates had a
missense mutation in the mexD gene (this gene encodes the
subunit of the MexCD-Oprd efflux pump). Also, both E62 and
E74 had a nonsense mutation in the phoQ gene resulting in
the premature termination of protein synthesis (289 out of 448
amino acids).

DISCUSSION

P, aeruginosa strains with simultaneous resistance to
carbapenems and polymyxins are not rare. For example, among
multidrug resistant P aeruginosa representatives, 22.2% of
meropenem-resistant isolates were unsusceptible to colistin
[18]. The evolution of such isolates is rarely described in the
literature. It is possible that they acquire their resistance profiles
through consecutive or simultaneous therapeutic exposure to
carbapenems and colistin. The phenomenon observed in our
study proves that P aeruginosa can reduce their susceptibility

to calistin following exposure to meropenem. The hypothetical
mechanisms underlying induction of cross-resistance to
colistin by meropenem fall into the “all roads lead to resistance”
concept, meaning that in P aeruginosa any stressor causes
hypermutability and leads to the emergence of multiple clones
with novel properties [3]. Such a mutational explosion can lead
to the emergence of persisting mutations disrupting synthesis
of lipopolysaccharides, the primary target of colistin.

Genomes of the E62 and E74 isolates carried mutations
that can explain their resistance to meropenem/imipenem and
reduced susceptibility to colistin. The missense mutation in the
oprD gene reported in this study may have caused a structural
change in the OprD porin, which transports meropenem and
imipenem inside the bacterial cell [19]. The search of GeneBank
(https://www.ncbi.nlim.nih.gov/genbank) identified only one
clinical isolate with a similar amino acid sequence of the OprD
porin (GCA_003194245.1). Similar to our mutant, this isolate
obtained in 2013 was also resistant to meropenem and imipenem
(MIC > 32 pg/ml). Another mutation that could have reduced
susceptibility to carbapenems was the missense mutation in
the mexD gene encoding the subunit of the MexCD-OprdJ
efflux pump. The MexCD-Oprd system is involved in the
efflux of B-lactams; its hyperexpression is correlated with
carbapenem resistance in P aeruginosa [20]. The phoQ
gene codes for the sensor histidine kinase, which is part of
the two-component regulatory PhoPQ system. Mutations in
phoQ were reported to cause resistance to polymyxins in
P aeruginosa, including specimens isolated from patients
with cystic fibrosis [21, 22].

Thus, all phenotypic characteristics of carbapenem-
resistant isolates of P aeruginosa with reduced susceptibility to
colistin observed in our study were associated with mutations.

CONCLUSIONS

The phenomenon of cross-resistance described in this paper
may be due to the fact that the rate of point mutations in
P, aeruginosa, specifically in the genes implicated in antimicrobials
resistance, increases under stress conditions. Our findings
prove that exposure to meropenem can lead to resistance not
only to other B-lactams but also to colistin used as a last resort
drug for P aeruginosa infections, which seriously complicates
the treatment strategy and limits its options.
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MICROSATELLITE INSTABILITY IN COLORECTAL NEUROENDOCRINE NEOPLASMS
Meshcheryakova MYu =, Kolesnikov EN, Trifanov VS, Timoshkina NN, Snezhko AV, Gvaldin DYu
National Medical Research Center of Oncology, Rostov-on-Don, Russia

Microsatellite instability (MSI) characterizes a special molecular genetic subtype of malignancies and is associated with the deficiency of mismatched DNA repair. There
are no reliable data on the frequency of MSI in colorectal neuroendocrine neoplasms due to the relative rarity of this cancer type. The prognostic significance of MSI
is debatable. The aim of this study was to investigate the frequency of the MSI phenotype among colorectal neuroendocrine neoplasms (NENSs) with different primary
location, grade and stage. Twenty-nine patients (15 men and 14 women, mean age: 62.5 years) included in the study underwent surgery for colorectal neuroendocrine
tumors between 2015 and 2018. The mean follow-up period was 3.8 years. Colorectal NENs were grouped by primary location and stage. The majority of the patients
(562%) had stage Il cancer at diagnosis. The microsatellite stability (MSS) phenotype was confirmed in 24 patients (83%), whereas the MSI phenotype was observed
in 5 patients (17%). All MSI-positive tumors were stage | well-differentiated grade G1 or G2 neuroendocrine tumors (NETs) of the rectum. Overall survival was 50% for
patients with stage Il MSS-positive NENs of the colon and rectum, 33% for stage Ill and 0% for stage IV. For patients with stage | MSI-positive NENs of the rectum,
overall survival was 100%. Thus, the frequency of MSI-positive colorectal NENs was estimated.
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MWUKPOCATEJUTIUTHAA HECTABU/IbHOCTb B HEMPO3HOOKPUHHbLIX HOBOOEPA3OBAHUAX
TONCTOW KULLKWN

M. O. Mewepsikoa ™=, E. H. KonecHukos, B. C. TpuaHos, H. H. TumoLlkuHa, A. B. CHexko, [. HO. MBanavH
HauvoHanbHbIn MEAULIMHCKMIA MCCNEA0BAaTENLCKNM LEHTP OHKONoMmK, PoctoB-Ha-[oRy, Poccus

C HapyLLeHreM paboTbl CUCTEMbI penapaLm HecrnapeHHbIx OcHoBaHW [JHK CBA3aHO MOHATME O MUKPOCATENUTHOM HECTAbUBHOCTY (MSI), xapakTepuaytoLLiei
0CO6bIN MONEKYNAPHO-6MONOrNYECKNUIA MOATUM 3N10KAYECTBEHHbIX Onyxonei. [JoCTOBEpHbIe AaHHble O YacToTe BcTpedaeMocT MSI B HEMPOIHOOKPUHHbBIX
HOBOOOPA30BaHNSAX TONCTOM KUK OTCYTCTBYIOT, YTO CBA3AHO C OTHOCUTENBHO HEOOMBLLVM YMCNIOM NaumeHToB. CBEAEHVS O MPOrHOCTUHECKOW 3HAYMMOCTY
MSI Tarke npoTvBOpe4BLI. Llensto nccnenoBaHnst Obino ndydeHne 4acToTbl BCTpedaeMocT MSI B HEMPOSHAOKPUHHBIX HOBOOOPpasoBaHusax (HOH) Toncton
KULLKX B 3aBMCUMOCTY OT JloKanuaaumv, creneHn AnddepeHLmMpoBKA onyxonm 1 cTagumn 3abonesaHns. BkioyeHHble B nccnefosaHe 29 nauneHToB Obiv
npoonepupoBaHbl B nepuog ¢ 2015 no 2018 1. No NoBoay HENPO3HAOKPUHHBIX HOBOOBPA30BaHMIA TONCTON KULLKA (My>X4MHbl — 15 4enoBek, >XeHLMHbI —
14 4enoBek, CpeaHWiA BO3PacT MOCTAHOBKM AnarHosa — 62,5 neT). CpeaHuii Cpok HabntogeHnst coctasmn 3,8 net. HOH ToncTomn Knlkm 6binv pacnpefeneHsl no
NoKanuaauvaM, a Takke no ctaansm 3abonesBaHns. Y 6onbLUMHCTBA NaLMEHTOB, BKIIOYEHHBIX B VICCneaoBaHie, bbina anarHocTtuposara lll ctagus saabonesaHus
(562%). Ctatyc MvKpocaTennuTHoM ctabunbHocT (MSS) 6bin noaTeepxaeH y 24 naumeHTtoB (83%), Torna kak MSI-ctatyc — y nati (17%) COOTBETCTBEHHO.
Bce cnydan MSI-no3uTrBHbIX HOBOOOPA30BaHNI COOTBETCTBOBAIIN BbICOKOANMMEPEHLIMPOBaHHbIM G1 11 G2 HEMPO3SHOOKPUHHBLIM OMyXONAM MPAMON KULLIKV Ha
| ctapmn 3abonesaHns. O6LLAsA BbKMBAEMOCTb NaumeHToB ¢ MSS-noauTmeHbiMM HOH ToncTon kuwku coctasuna Ha |l ctagum  50%, Ha lll — 33%, Ha
IV cTapgmmn — 0%. O6Las BbhKMBaeMOCTb naumeHTos ¢ MSI-noautveHbIMn HOH npsimoit kuwkn Ha | ctagumn coctasmna 100%. Takum o6padom, bbina onpeaeneHa
YacTtoTa BCcTpedaemocT MSI-no3ntreHbix HOH ToncTom Kk,

KntoyeBble cnoBa: HeMPO3HOAOKPUHHbIE HOBOOOPA30BaHS TONCTOM KULLKM, MYKPOCATENIUTHAS HECTaOWIBHOCTb, 0BLLAs BbIKMBAEMOCTb, MPOrHO3
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DNA mismatch repair is a unique biological mechanism for  the length of microsatellites, which are 2-9 bp-long sequences

repairing DNA damage occurring during cell division [1].
Proteins involved in DNA mismatch repair are encoded by 6
key genes: MSH2, MLH1, PMS2, MSH3, MSH6, and MLHS3.
Inherited or sporadic mutations, as well as other epigenetic
events like MLH1 promoter hypermethylation, can inactivate
any of these genes and disrupt the normal functioning of
the entire mechanism [2]. This results in the accumulation of
multiple unrepaired mutations in the genome and changes to
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in the euchromatin portion of the genome [3]. Consequently, if
the microsatellite is located within an intron region, a reading
frame shift may occur in the coding sequence, followed by
the inactivation of various genes. Thus, defects in the DNA
mismatch repair mechanism give rise to a genomic phenotype
known as microsatellite instability (MSI) [1].

MSI-positive tumors are less aggressive than those that
do not have the MSI phenotype, presumably due to a high
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mutation rate resulting in increased neoantigen load, which
stimulates antitumor immune response. Logically, tumors
with the MSI phenotype should respond better to checkpoint
inhibitor (CPI) immunotherapy. This hypothesis has been
confirmed for melanoma, gastric cancer and colorectal cancer
(CRC). However, the prognostic significance of the MSI status
in the late (IV) stages of CRC remains controversial [4].

Today, MSl is recognized as an important predictor of tumor
response to immunotherapy regardless of the primary tumor
site [1].

Due to the versatility of this marker, which expands
indications for CPI therapy, testing for the patient’s MSI status
is becoming an essential diagnostic procedure approved
unanimously by the leading cancer research communities,
including ASCO, ESMO, NCCN, and RUSSCO [2]. The MSI
status affects the choice of treatment strategy for patients with
early-stage CRC, which is being reflected in contemporary
clinical guidelines [5].

So far, there have been no randomized clinical trials
evaluating the effectiveness of different immunotherapy regimens
for colorectal neuroendocrine neoplasms (NENSs). Besides, the
prevalence of MSI-positive colorectal and gastrointestinal NENs
remains understudied, as is the impact of the MSI status on the
clinical outcome.

We hypothesize that MSI-positive colorectal NENs are a
separate group of tumors with a different clinical presentation
and prognosis. Colorectal NENs are relatively rare, so
enrolling a large number of patients in the clinical trial may
pose a problem. In the largest molecular genetic studies of
colorectal NENs conducted so far, the average number of
patients did not exceed 100. In earlier publications estimating
the frequency of the MSI phenotype among neuroendocrine
carcinomas (NECs; n = 53) and mixed gastrointestinal
adenoneuroendocrine carcinomas (n = 36), 12.4% of the
tumors (11/89), including NECs of the colon, stomach and
the duodenum, were MSI-positive [6]. The authors of the
publication identified a few clinicopathological and molecular
genetic features of MSI-positive tumors. Briefly, MSI-positive
carcinomas had higher methylation levels than MSI-negative
tumors (40.6% vs 20.2%); the most frequently methylated
genes were MLH1, p16, PAX6, PAX5, THBS1, TP73, DAPK1,
MGMT, PYCARD, CDH13, HIC1, and TIMP3. The MSI status
was correlated to the presence of mutations in the BRAF gene
[6]. These findings show that the MSI-status of the tumor is
associated with a specific set of its molecular characteristics,
which, in our opinion, may hold promise for future research.
The aim of our study was to evaluate the MSI status in

Fig. 1. Distribution of colorectal NENs by primary tumor location

colorectal NENs with different primary tumor location, grade
and stage.

METHODS

The study included 29 patients undergoing surgical treatment
for colorectal NENs at the National Medical Research Centre
for Oncology (Rostov-on-Don) between 2015 and 2018. Of
them, 15 were men and 14 were woman. The mean age at
diagnosis was 62.5 years. The mean follow-up period was
3.8 years. The following inclusion criteria were applied: expression
of neuroendocrine differentiation markers (chromogranin A,
synaptophysin) confirmed by immunohistochemistry; informed
consent to participate in the study. All tissue specimens were
analyzed using the 2019 WHO classification criteria.

DNA was isolated from the paraffinized tissue samples
obtained during surgery. Briefly, 10 slices were prepared from
the paraffin-embedded tumor or seemingly healthy tissue
using a microtome; then, they were deparaffinized in xylol. The
samples were incubated with a lysis buffer in the presence of
proteinase K at 58 °C for 6-12 h until complete tissue lysis.
After that, total DNA was isolated and purified using a DNA-
sorb-B kit (AmpliSens; Russia) following the manufacturer’'s
protocol. DNA concentrations were measured with a Qubit 2.0
fluorometer (LifeTechnologies; USA).

Five monomorphic microsatellite loci (NR21, NR24, NR27,
BAT25 and BAT26) were tested for their MSI status by means
of fragment analysis. Each of the obtained total DNA templates
were PCR-amplified in 5 reactions. Each 20 pl PCR reaction
contained 10-20 ng of DNA, 0.175 pM of each primer, 2 mM
of dNTP, 15 mM of MgCl, and 0.5 un. of Tag-polymerase. The
following PCR protocol was applied: initial denaturation at
94 °C for 5 min, followed by 40 cycles of denaturation at 94°C
for 30 s, primer annealing at 59 °C, extension at 72 °C and final
extension at 72 °C for 45 s. The size of the PCR product ranged
from 50 to 350 pn.

Detection of the fluorescently tagged PCR products was
performed by means of fragment analysis. Briefly, 1 pl of the
obtained PCR products was combined with 19ul of Hi-Di
formamide and 0.5 pl of GeneScan™ 600 LIZ® Size Standard
(Thermo Fisher; USA). The samples were incubated in a CH-100
heating/cooling dry block thermostat (Biosan; USA) at
95 °C for 5 min and processed in an ABI PRISM 3500 genetic
analyzer (Aplied Biosystems; USA) following the manufacturer’s
protocol. The obtained data were analyzed in GeneMapper
Software (Thermo Fisher; USA). The peak detection value was
set to 50 relative fluorescence units (RFU). MSI was concluded
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Fig. 2. Distribution of colorectal NENs by stage

if 2 or more of the studied loci were polymorphic. The level
of MLH1 methylation was determined by bisulfate-converted
DNA pyrosequencing using a PyroMark Q24 CpG MLH1 assay
according to the manufacturer’s protocol (QIAGEN; Germany).

Statistical analysis was carried out in Statsoft Statistica 10.0
(StatSoft; USA) for Windows 10. Primary data analysis was
performed using descriptive statistics (central tendencies and
measures of variability).

RESULTS

Colorectal NENs were grouped by primary location. Of them,
55% (n = 16) were cecal, 17% (n = 5) were NENs of the rectum,
17% (n = 5) were tumors of the ascending colon, 7% (n = 2)
were localized to the right hepatic flexure, and 4% (n = 1) were
appendiceal (Fig. 1).

The majority of the patients included in the study had stage
Il cancer (562%, n = 15) (Fig. 2).

In our cohort of patients, NENs of the colon occurred more
frequently than other histological subtypes (55%, n = 16), and
their frequency was directly correlated with the stage of the
disease. Patient distribution by the histological subtype and
stage of cancer is shown in Fig. 3.

Microsatellite stability (MSS) was confirmed in 83% of cases
(n =24); 17% (n = 5) of the tumors were MSI-positive. All MSI-
positive tumors were well or moderately differentiated stage |
cancers: two of them were G1 and 3 were G2 neuroendocrine

B GiNeET [ G2NET [ G3NET

16

12

0

Stage |

Stage Il
Fig. 3. Patient distribution by the histological subtype of NEN and cancer stage
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neoplasms of the rectum. All of those 5 tumors had microsatellite
instability in all of the 5 studied STR loci.

MLH1 was hypermethylated in all MSI-positive specimens
(Me = 20%, range: 14-42%) and hypomethylated in all
samples with the MSS phenotype (Me = 4%, range: 4-14%).
Based on the obtained data, we concluded that the leading
cause of the MSI-status in colorectal NENs was inhibition of
transcription of the key mismatch repair system genes caused
by hypermethylation of their promoter. In the literature, this
mechanism was previously described for sporadic colorectal
adenocarcinomas.

The distribution of colonic NENs with the confirmed MSS
phenotype by primary location and stage is shown in Fig. 4
and 5.

For our patients with MSS-positive NENs of the colon, the
three-year survival rate was 50% for stage Il, 33% for stage Il
and 0% for stage IV. For the patients with stage | MSI-H NENs
of the rectum, the three-year survival rate was 100%.

DISCUSSION

Our findings on the prevalence of microsatellite instability in
colorectal NENs were compared to the published data on
colorectal cancer. In a recent study of Russian researchers
conducted in a Russian cohort of patients with CRC (n = 359),
the MSI phenotype was observed in 6.4% of cases (23/359)
and was correlated with younger age (p = 0.023), the presence

NEC Il Mixed adeno-neuroendocrine carcinoma
Stage llI Stage IV
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Fig. 4. Distribution of colorectal NENs with the confirmed MSS phenotype by primary location and stage

of multiple primary lesions (p = 0.0299), mucinous component
(p < 0.0001), high grade (p = 0.0025) and right-sided location
of the tumor in the colon (p < 0.0001) [7]. In our study, all MSI-
positive NENs (n = 5) were low-grade and localized to the rectum.

According to the contemporary literature, there is a clear
trend that the rate of MSI detection is inversely correlated with
the stage of the disease [1, 3-5]. In our study, all MSI-positive
NENSs of the colon were stage | cancers. A larger patient sample
with adequate representation of every stage of the disease is
needed to check this trend for NENs of the colon.

The analysis of microsatellite instability patterns and frequency
of occurrence in well-differentiated (G1/G2) neuroendocrine
pancreatic tumors studied in our previous publication and
NENSs of the colon reveals certain differences. The MSI-positive
phenotype was observed in 14% of pancreatic NENs [8] vs 17%
of NENs of the colon. Besides, in pancreatic NENs, the MSI-
positive phenotype was not associated with MLH1 promotor
methylation. By contrast, in NENs of the colon the MSI-positive
phenotype was associated only with MLH1 hypermethylation.
Perhaps, this epigenetic mechanism typical for adenocarcinomas
and NENSs of the colon is related to their colorectal origin.

Cellular differentiation is a very important criteria in the
context of gastrointestinal NENs, which is reflected in the 2019
updated WHO classification. High- and low-grade NENs are
different groups of tumors completely heterogenous in terms
of their genetic characteristics. Besides, NENs originating in
different organs differ in their basic molecular markers. This
raises the question of whether there is a link between the
degree of cellular differentiation in NENs (NETs and NECs),

Fig. 5. Distribution of colorectal NENs with the confirmed MSS phenotype by stage

primary tumor location and MSI pattern distribution. The data
provided in the literature is controversial. For example, of 239
studied gastrointestinal and pulmonary NENs, only 4 specimens
(1 G8 NETs of the pancreas and 3 NECs of the colon) were
MSI-positive [9]. In another study the prevalent primary NEC
location were the stomach (n = 21) and the pancreas (n = 6),
and MSI was detected in none of the total 33 lesions [10]. At the
same time, according to the meta-analysis of 33 retrospective
studies and 8 case reports, MSI was observed in approximately
10% of gastric and colonic NECs [11]. The MSI phenotype was
not confirmed in any of 56 well-differentiated NETs of the rectum
(n =56), small bowel (n = 14), colon (n = 38), and pancreas (n = 16)
[9, 12—15]. According to other reports, 10-33% of pancreatic NETs
are MSl-positive [9]. In our study the majority of the specimens
(55%, n = 16) were represented by NECs of the colon, but
their MSI status was negative. However, there are reports
confirming the MSI phenotype in 16%, 7%, 10%, and 14%
of NECs of the colon, respectively [6, 9, 17-21]. The analysis of
the relevant literature suggests that the frequency of MSI could
be higher among poorly differentiated NENs. Still, our findings
demonstrate the opposite: in our study, MSI was confirmed for
well-differentiated grade G1 and G2 NENSs of the rectum. That
said, only a larger patient sample will drawing reliable conclusions
about the pattern of MSI distribution in NENs of the colon.

CONCLUSIONS

The analysis of frequency of microsatellite instability in colorectal
NENs depends on the tumor grade, primary location and stage

B stagell
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revealed that 17% the samples were MSI-positive. All of them
were stage | well-differentiated G1 and G2 NENs located in the
rectum. The calculated three-year survival rates demonstrate a
direct correlation between the frequency of MSI occurrence in
colorectal NENs and the stage of the disease. According to the
currently held research, the prevalence of MSI among NENSs is
similar to the prevalence of MSI among adenocarcinomas of the
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SENSORS FOR ANALYSIS OF DRUGS, DRUG-DRUG INTERACTIONS, AND CATALYTIC
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Development of highly sensitive methods for drug analysis is an ongoing challenge posed by modern bioanalytical and pharmaceutical chemistry. Drug analysis
is essential to monitor the quality and purity of pharmaceuticals, study the delivery vehicles for therapeutic agents, to assess the effectiveness of the substance
incorporation into the drug delivery system, to estimate the kinetic parameters of reactions, catalyzed by enzymes involved in xenobiotic metabolism, and to study
the mechanisms of the drug-DNA interactions from the perspective of pharmacogenomics. The study was aimed to develop an electrochemical technique for
detection of a number of drugs. The method is based on electrochemical oxidation of organic molecules at positive potentials between +(0+1.6) V. The commercially
available three-contact electrodes obtained by screen printing with unmodified graphite working electrode were used for analysis. It is shown that electrochemical
technique allows for simultaneous detection of several compounds at various working electrode potentials, and for detection of drugs over a wide range of the
clinically meaningful drug concentrations (50 pM — 10 mM), which could be used when working with biological fluids (blood plasma, blood serum, blood, urine), as
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CEHCOPbI ANA AHANMN3A JIEKAPCTBEHHbBIX MPEMAPATOB, MEXKJIEKAPCTBEHHbIX
B3AMMOJJENCTBUA N KATAIMTUYMECKOWN AKTUBHOCTW ®EPMEHTOB
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PaspaboTka BbICOKOHYBCTBUTENBHBIX METOAOB aHanv3da NeKapCTBEHHbIX MPEenapaToB SBMSETCS aKTyaslbHOW 3a[aq4elt COBPEMEHHON OMOaHaIMTUHECKON 1
hapMaKonorn4ecKon XMMmn. AHann3 nekapcTBEHHbIX NMpenapaToB HEOOXOAMM NS MOHUTOPUHIA Ka4ecTBa 1 YMCTOTbI, A1 UCCefoBaHMs CPEACTB LOCTaBKM
TepaneBTUHECKMX CPEACTB 1 onpefeneHns apdeKTUBHOCTY BKIIKOHYEHNST CyOCTaHLMIA B CUCTEMbI JOCTaBKW, A1 UCCNEA0BaHNSA KMHETUYECKMX NapaMeTpoB
peakumii, Katanmavpyembix HepMeHTamn MeTabonmaMa KCEeHOOMOTMKOB, Ot MCCNEAOBaHNS MexaHv3ma B3auMomencTBus nekapcts ¢ OHK ¢ nosuumi
hapmakoreHoM1KM. Lienbio paboTbl 6bi10 pa3paboTaTh SMeKTPOXUMUHECKUIA METOL, PErMCTPaLIMM PsSAa NIekapCTBEHHbIX MpenapaTtos. MeTof ocHOBaH Ha peakLm
ANEKTPOOKNCNIEHNS OPraHNYECKX MOMEKYI MPU MOMOXKMUTENBHBIX 3HAYEHKAX NOTEHLMANOB B AnanadoHe +(0+1,6) B. [na aHanm3a ncnonb3oBaiv KOMMEPHECKHN
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[MokasaHo, 4TO 3NEKTPOXMMNHECKNIA METOA, MO3BOSISIET OAHOBPEMEHHO AETEKTUPOBATL HECKOMBKO COEAMHEH MPU Pa3HbIX 3HAYEHWSIX PAB0YNX MOTEHLMAT0B 1
pPEerMcTPUPOBaTh Npenaparh B LUMPOKOM Auana3oHe OnpeaenseMblx TepanesTUHeck 3HauMbIX KOHLeHTpaumin (50 MkM — 10 MM), 4TO MOXKET BbITb MPUMEHEHO
npu pabote ¢ 6MONOMMHECKMI XKUOKOCTAMI (M1a3MOW, CbIBOPOTKOW, KPOBbLIO, MOYOW), OISt NIEKAPCTBEHHOrO MOHUTOPWHIA 1 aHaM3a MeX1eKapCTBEHHbIX
B3aMOAENCTBUI.
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Electrochemical method of analysis is a powerful tool to estimate  titrimetry,  capillary  electrophoresis, high-performance

the drug content and purity, as well as the drug concentration
both in pharmaceutical fluids and in biological fluids or tissues
(urine, blood serum, blood plasma, whole blood, cell lysates).
Despite the use of various drug evaluation methods (such as
spectrophotometry, colorimetry, fluorescence spectroscopy,
gas chromatography—mass spectrometry, high-performance
liquid chromatography (HPLC), thin-layer chromatography,
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liquid chromatography-tandem mass spectrometry and
thermogravimetric analysis, radiometry, immunoassay) [1],
electrochemical techniques are in demand as well due to
high sensitivity, unique electrochemical signatures of the
relevant compounds, reasonable cost, fast electrochemical
analysis speed, low sample volumes (2-60 pL), and portable
equipment. Electroanalysis allows for simultaneous detection
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of several pharmaceuticals and makes it possible to assess
these drugs by various electrochemical methods in order to
improve the test sensitivity (cyclic and stripping voltammetry,
square-wave voltammetry, differential pulse voltammetry,
chronoamperometry, and electrochemical impedance
spectroscopy) [2-6].

Cytochrome P450 is a superfamily of heme-thiolate
monooxygenases involved in metabolism of xenobiotics and
endogenous compounds [7]. The method for measuring catalytic
activity of this hemoprotein class by electrochemical oxidation
of substrate drugs performed well in the previously published
study [4], aimed at measuring the catalytic activity of cytochrome
P450 3A4. Cytochrome P450 19A1 (CYP19A1, aromatase) is
a key enzyme for estrogen biosynthesis [8]. Electrochemical
methods for determination of estrone or B-estradiol using
the electrodes, modified with various nanocomposites, had
been previously developed in order to quantify the products
of the CYP19A1-dependent electrocatalytic reaction [9-12].
Electrochemical oxidation of estrone or B-estradiol, being
the aromatase metabolites, could be also detected on the
commercially available three-prong printed graphite electrodes
(PGE) [13]. Electrooxidation of (S)-7-hydroxywarfarin, being the
cytochrome P450 2C9 metabolite, was used to evaluate the
kinetic parameters of this hemoprotein [5].

The study was aimed to develop the reagentless
electrochemical method for drug identification and quantification
under physiological conditions in order to provide the possibility
of assessing drugs in blood serum using the commercially
available screen-printed three-prong electrodes with the
graphite working electrode.

METHODS

Electrochemical measurements were performed with the
PGSTAT 12 Autolab and PGSTAT 312N Autolab potentiostats
(Metrohm Autolab Ins.; Netherlands) and the GPES and NOVA
software, versions 4.9.7 and 2.0, respectively (Netherlands). The
three-prong printed graphite electrodes (PGE, ColorElectronics;
Russia) were used, together with the graphite working and
auxiliary electrodes, and the silver chloride reference electrode.
The diameter of working electrode was 0.2 cm (the area was
0.0314 cm?). All potentials were referred to the silver/silver
chloride reference electrode (Ag/AgCl).

The following reagents were used in the study: monobasic
potassium phosphate (Reachem; Russia), sodium chloride
(Reachem; Russia), diclofenac sodium (substance,

9.0x 107
8.0x107
7.0x107 =
6.0x 107
5.0x107

<

—4.0x 107 =
3.0x107 =

20x107 =
1.0x 107 =

0,0

0.2 0.4 0.6 0.8 1.0
E, V (vs. Ag/AgC))

Fig. 1. Differential pulse voltammogram acquired on PGE in the 0.1 M potassium
phosphate buffer containing 50 mM NaCl, pH 7.4, in the abscence (---) or
presence (-) of the 1 mM drug A. Insert: relationship between the oxidation peak
current and the drug A concentration

Sigma-Aldrich; India), ibuprofen sodium (substance, Sigma-
Aldrich; India), acetaminophen (pharmaceutical dosage form,
Pharmstandard; Russia), mexidol (pharmaceutical dosage form,
Pharmasoft; Russia), serum (S 1005-14, UsBiological; USA).

The 10 mM stock solutions were prepared in the 0.1 M
potassium phosphate buffer (pH 7.4), containing 0.05 M NaCl,
the desired concentrations were obtained by diluting with buffer
and stored at +4 °C.

The real-time measurements were performed by differential
pulse voltammetry (DPV) over the potential range of (0—1.6) V with
the 0.01 V potential step and 25 Hz frequency, and by cyclic
voltammetry (CV). Experiments were performed under aerobic
conditions at room temperature. A total of 60 plL (volume essential
for uniform distribution of the drop across the electrodes) of
the drug solution to be analyzed were applied to the surface of
the disposable PGE, covering the working electrode, auxiliary
electrode, and reference electrode [14]. At least three electrodes
were used to assess the results repeatability for each concentration.

Peak current of analyte oxidation was plotted against
analyte concentration in order to calculate sensitivity and the
detection limit. The resulting calibration dependencies were
used to caclulate sensitivity (equation 1) and the detection limit
(equation 2) [15]:

S = Al/AC (1),
Clim=3,306/S ),

where S — sensitivity, | — current, C — drug concentration,
Clim — detection limit, ¢ — residual standard deviation
(standard deviation of the regression coefficient b).

To remove protein components from blood serum, 2.5 mL
of blood serum were collected in the 10 mL glass tube and

2.4 x10° . \

1.8 x 10° 1 0

< 12x10°4 ‘

6.0 x 10° 4

0,0 4

1.0 1 :2 1?4 1 .-6
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B
8.0 x 107 o
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< 4.0x107 =
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0,0 ¥ T
0.8 1.0 1.2 1.4 1.6
E, V (vs. Ag/AgCl)

Fig. 2. A. Differential pulse voltammograms of drug | acquired on PGE in the 0.1 M
potassium phosphate buffer containing 50 mM NaCl, pH 7.4, in the concentration
range of 0.5 mM — 10 mM. Insert: relationship between the oxidation peak current
and the drug | concentration. B. Differential pulse voltammograms acquired PGE in
the absence (---) or presence (-) of the 1 mM drug |
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Table. Electroanalytical characteristics of drugs, obtained by differential pulse voltammetry on PGE in the 0.1 M potassium phosphate buffer containing 50 mM NaCl,

pH 7.4 (n = 4-5; p = 0.95)

Regression equation
amacetcal | oo | gy W owmio | | sewmayam | Seter
a+Aa b + Ab
Drug A (Pharmstandard) 5x10°-1x10"° 0.50 +0.03 | (8.6 +0.5) x1077 - 0.985 8.6x10* 2.9x10°
Drug | (Sigma-Aldrich) 5x107-1x102 129 +0.02 | (1.2+0.1) x107 (1.7 £ 0.2)x107 | 0.983 1.2x10 4.1x10%*
Drug D (Sigma-Aldrich) 5x1075-5x10 0.57 £0.05 | (4.4 +0.5)x107 (3.3 £0.6)x10° | 0.966 4.4x10 4.6x10°

added 2.5 mL of the 15% (w/v) acetonitrile solution of zinc
sulfate (50/40, v/v) or 10% trichloroacetic acid (1 : 10). The
test tube was shaken for 20 min and equilibrated at 4 °C for
15 min, then the solution was centrifuged at 13,500 rpm for
5 min. Subsequently, supernatant was discarded, and the
solution was used for further analysis [16]. After protein
precipitation, blood serum was diluted 10 times with the 0.1 M
potassium phosphate buffer, containing 50 mM NaCl, pH 7.4.

RESULTS

Rational selection of the electrode type is the key point of
electrochemical analysis, which is essential for the most
effective electron transfer and detection of molecules,
biochemical events, and catalytic current, being the indicator
of electrocatalysis [17]. It is shown, that modification of
the electrode working surface with nanomaterials (carbon
nanotubes, graphene, graphene oxide, metal nanoparticles)
contributes to the increased sensor analytical sensitivity
[6]. However, modified PGE may acquire background
characteristics that impede direct registration of
electrooxidation/electroreduction [18]. In unmodified PGE,
background characteristics in the electrolyte buffer show no
unintended additional signals, and the current values registered
are rather low [5]. Furthermore, unmodified electrodes are
commercially available, reproducibility of electrochemical
analysis is high, which constitutes an essential element of the
further sensors' practical utilization for drug analysis and purity
evaluation, particularly in the clinical diagnostics laboratories.
In this regard, we have developed methods for drug detection
using precisely the unmodified graphite working electrode
surfaces.
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2.5x1074
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< 15x107+ . A e

C (drugD), mM

1.0x 1074

5.0 x 1071

0.0+

0.2 0.4 0.6 0.8 1.0
E, V (vs. Ag/AgCl)

Fig. 3. Differential pulse voltammograms of drug D acquired on PGE in the 0.1 M
potassium phosphate buffer containing 50 mM NaCl, pH 7.4, in the concentration
range of 50 uM - 500 pM, with the drug D serum concentration of 100 pM (-) (after
protein precipitation, blood serum was diluted 10 times with the 0.1 M potassium
phosphate buffer, 50 mM NaCl, pH 7.4). Insert: relationship between the oxidation
peak current and the drug D concentration
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Electroanalytical characteristics of pharmaceuticals

N-acetyl-para-aminophenol, or drug A is an antipyretic and
analgesic agent commonly used in patients with mild to
moderate pain or to lower the body temperature, including
in viral and bacterial infections [3]. It has been shown that
N-acetyl-p-benzoquinone imine (NAPQ)I) is the main product
of the drug A oxidation [3]. The mechanism, underlying the
analgesic effect, is associated with prostaglandin synthesis
inhibition in the central nervous system [2, 3, 19].

Fig. 1 provides the differential pulse voltammogram of the
1 mM drug A acquired on the unmodified PGE in the potential
range of (0-1.2) V. Under aerobic conditions, drug A oxidation
occurs at the Eox potential of (0.50 + 0.03) V (vs. Ag/AgCl). The
figure insert shows the linear growth of the drug A oxidation
peak current with the concentration increase from 0.05 mM to
1.00 mM. The drug A oxidation potential is stable within the
margin of error.

Table provides electroanalytical characteristics (concentration
range, oxidation potential), equation for the relationship between
the oxidation peak current and the concentration, R2 coefficient
of determination, as well as the electrochemical system
sensitivity, calculated using equation 1, and the detection limit
of drug A, calculated using equation 2.

(RS)-2-(4-isobutylphenyl)-propionic acid, or drug | is a
non-steroidal anti-infammatory drug from the group of the
propionic acid derivatives, which possesses analgesic and
antipyretic activity [12, 13]. Fig. 2 provides the drug | differential
pulse voltammograms acquired on PGE in the potential range
of (0.6-1.6) V and the concentration range of (0.5-10) mM.
Electrochemical oxidation of the 1 mM drug | occurs at high
potential values (1.29 + 0.02) V (see Table).

1.2x107 =

< 6.0x 107 4

0.0«

0.2 0.4 0.6 0.8 1.0 1.2
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Fig. 4. Differential pulse voltammograms acquired on PGE in the 0.1 M
potassium phosphate buffer containing 50 mM NaCl, pH 7.4, in the absence
(---) or presence of the 98 uM drug M (-), 100 pM drug D (-), 100 pM drug D +
98 uM drug M (-)
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(2-(2,6-dichloroanilino)-phenylacetic acid, or drug D is
a non-steroidal anti-inflammatory drug from the group of the
phenylacetic acid derivatives. The sodium salt is used in the
pharmaceutical dosage forms. The drug has multiple trading
names, it is prescribed to patients with many disorders, such
as rheumatoid arthritis, osteoarthritis, various inflammation
conditions [20, 21]. The drug has analgesic, anti-inflammatory,
and anticancer effects [21]. Drug D undergoes extensive
metabolism, mediated by glucurosyltransferase, to form
diclofenac acyl glucuronide. On exposure to cytochrome
P450, drug D undergoes oxidative metabolism to form
4'-hydroxydiclofenac (catalyzed by cytochrome P450 2C9)
and 5-hydroxydiclofenac (catalyzed by cytochrome P450 3A4)
[22, 23].

In some cases, the drug can cause unwanted side effects:
stomach hemorrhage, high blood pressure in patients with
Shy-Drager syndrome and diabetes mellitus. The long-term
use may result in infarction or stroke [20]. That is why the drug
D analysis remains an ongoing challenge posed by bioanalytical
and pharmaceutical chemistry.

Fig. 3 provides the drug D differential pulse voltammograms
acquired on PGE in the potential range of (0.2 — 1.0) V and the
concentration range of (50 — 500) M. The oxidation potential
of (0.57 + 0.05) V was stable within the margin of error in
the studied concentration range. The linear relationship was
found between the oxidation peak current and the drug D
concentration (see Table).

DISCUSSION

CV in the scan rate range of (0.05-0.18) V/s was used to
characterize the drug electrochemical oxidation processes. The
CV results showed the linear relationship between the oxidation
peak currents of the 1 mM drug A, 100 uM drug D and 5 mM
drug |, and the scan rate square root v1/2 (Fig. 2 (a), 4 (a), 6 (a),
Appendix), reflecting the diffusion-controlled electrochemical
oxidation of the drugs on the unmodified PGE in the studied
range of the potential scan rates [24]. There was also a linear
relationship between the oxidation peak potentials and the
logarithm of scan rate, log v (Fig. 2 (b), 4(b), 6(b), Appendix),
typical for irreversible electrochemical processes. This is
confirmed by the CV technique: only the oxidation peaks of the
1 mM drug A, 100 pM drug D and 5 mM drug | are observed
on the unmodified PGE (Fig. 1, 3 and 5, Appendix), suggesting
the irreversible nature of electrochemical reactions. These
results are in line with the mechanisms of the studied drugs
electrochemical oxidation [2, 3, 6, 19-22, 25-30].
Polypharmacy, i.e. prescribing several medications to one
patient, is widely used in clinical pharmacology and therapeutics.
Pharmacokinetic and pharmacodynamic parameters should
be monitored in multimorbid patients (prescribed two or more
medications). Electroanalysis based on the drug electrochemical
oxidation registration allows for simultaneous detection of
several compounds. This approach can be used to determine
the drugs' mutual influence. Thus, antioxidant metabolic drug
mexidol (2-ethyl-6-methyl-3-hydroxypyridine succinate, drug M),
which is prescribed to improve cerebral circulation, is commonly
used in various groups of patients with comorbidities. PGE
were used to analyze the drug combinations D + M (Fig. 4),
D + | (Fig. 5). Electrochemical oxidation of drug M is detected at
the potential of +0.67 + 0.06 V (Fig. 4). However, drug M (98 uM)
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Fig. 5. Differential pulse voltammograms acquired on PGE in the 0.1 M potassium
phosphate buffer containing 50 mM NaCl, pH 7.4, in the presence of 25 uM drug D
(---), 200 pM drug I (....), and the combination of 25 uM drug D and 200 uM drug | (-)

has virtually no effect on the drug D (100 pM) electrochemical
oxidation. There is a slight shift of the drug D oxidation potential
by (5 + 2) mV toward the more positive (anodic) area, which is
indicative of the more complicated electrochemical oxidation
process. The oxidation peak current is slightly reduced (+ 6%),
which allows for the drug D quantification in the presence of
drug M (Fig. 4). Fig. 5 provides DPV for the combination of
the 25 uM drug D and 200 pM drug | acquired on the PGE.
The measurements have been performed over the potential
range of (0-1.6) V. Electrooxidation peaks of the drugs
D(E,=+0.54+0.02V)andI(E = +1.29 + 0.02 V) are clearly
distinguished, however, the concentration dependence remains.

Drug D was also determined by electrochemical oxidation in
the blood serum samples. The concentration of drug D added
to blood serum was 100 pM, and the oxidation peak current
recorded was 7.5 x 10® A (Fig. 3). According to the insert in
the Fig. 3 and the calibration dependence (see Table), the drug D
concentration calculated using the regression equation was
(95 £ 5) uM.

CONCLUSIONS

The method for drug analysis using the commercially available
disposable unmodified screen-printed electrodes has been
developed. Sensitivity of the method corresponds to the
clinically relevant concentration ranges. Electrooxidation
of pharmaceuticals using electrodes as measuring tools is an
effective analytical approach to the drug purity assessment and
drug concentration determination, particularly in biological fluids
used for therapeutic drug monitoring. The methods for drug
quantification based on electrochemical oxidation may be used
to assess catalytic activity of enzymes involved in the phase
| metabolism, such as cytochrome P450, flavin-containing
monooxygenases, aldehyde oxidase, aldehyde dehydrogenase,
alcohol dehydrogenase, carboxylesterase, and to assess
activity of enzymes involved in the phase Il metabolism, such
as UDP-glucuronosyltransferases, sulfotransferase, glutathione
transferase. The method can be also used for registration of the
comparative kinetics of the polymorphic variants and genetically
engineered mutant enzymes in order to develop the biocatalyst
isoforms important in technology.
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VISUAL ANALYSIS OF NIGROSOME-1 IN THE DIFFERENTIAL DIAGNOSIS OF PARKINSON'S DISEASE
AND ESSENTIAL TREMOR

Moskalenko AN =, Filatov AS, Fedotova EYu, Konovalov RN, lllarioshkin SN
Research Center of Neurology, Moscow, Russia

Differentiation between Parkinson’s disease, especially in its early stages, and essential tremor, which is a phenotypically similar movement disorder, still remains
an unsolved challenge for neurology. The aim of this study was to assess the diagnostic significance of nigrosome imaging (nigrosomes are dopaminergic neuron
clusters in the substantia nigra of the midbrain) using 3T high-resolution SW-MRI. The study was conducted in 20 patients with Parkinson’s disease and 10 patients
with essential tremor. Visual analysis of the acquired nigrosome-1 images was performed using a 4-point ordinal rating scale. Differences in sex, age and duration
of the disease were calculated using the Fisher exact test and the Mann-Whitney U test. The diagnostic value of the method was assessed using Pearson’s chi-
squared test. Nigrosome-1 was bilaterally or unilaterally absent in 70% of parkinsonian patients. Less specific changes to the substantia nigra (SN) were observed
in two more parkinsonian patients (10%), whose nigrosome-1 appeared reduced in size. By contrast, nigrosome-1 was bilaterally intact in all patients (100%) with
essential tremor (o < 0.001). Our preliminary findings demonstrate the high potential of noninvasive nigrosome-1 imaging in the differential diagnosis of Parkinson’s
disease and essential tremor.
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BU3YAJIbHbIV AHANINU3 HUPOCOMBbI-1 B AUS®SEPEHLUUANIBHON ANATHOCTUKE BOJTE3HA
NMAPKUHCOHA N 3CCEHLIMANIbHOIO TPEMOPA

A. H. Mockanerko =, A. C. dunartos, E. HO. ®epotosa, P. H. KoHosanos, C. H. VnnapyoLkuH
Hay4HbI LeHTp Hesponorum, Mockea, Poccus

LOndbdepeHupmansHas auarHocTvika 6onesHn MapkHCoHa U (heHOTUNMHECKI CXOXKEro ABUraTeNlbHOrO PacCTPOMCTBA — 3CCEHLMaNbHOro Tpemopa, 0CO6eHHO B
[ebtoTe 3a00neBaHNst, 0CTaETCS OAHOM 13 HepeLLIeHHbIX 3aa4 COBPEMEHHOM HeBponornu. Lienbto nccnenosaHvs Obino OLEHUTE AMArHOCTUHECKYHO 3HA4YMOCTb
BU3yann3aLmm HUIPOCOM — KIacTepoB AOMaMUHEPINHECKNX HEMPOHOB B YepHOM cybcTaHumm (HC) cpeaHero mMoara, BbISBASEMbIX MPU MCNonb3oBaHum SWi-
pEeX1Ma BbICOKOpaspeLLatoLLen MarHUTHO-pe30oHaHCHoN Tomorpadum (3 Tecna), y 20 naumeHToB ¢ 601e3Hbto MapkuHcoHa 1y 10 naumeHToB ¢ acceHUmanbHbIM
TPEMOPOM. BusyanbHbIn aHanm3 n3obparkeHnin HUrPOCOMbI-1 MPOBOAVAN C UCMONB30BaHVEM YEThIPEXHAEHHOV MOPSAKOBOW LUKasbl. Pa3nmyms no reHaepHoMY,
BO3PACTHOMY COCTaBy W1 MPOAOIKUTENBHOCTI 3a00N1EBaHNSA PACCHTLIBANM C MOMOLLbIO TOHHOrO Kputepmsa duiepa, U-kputepua ManHa-YuTHu. [Ona pacyeta
[VarHOCTUHECKOWN LLEHHOCTY AaHHOM METOAVKI MCMONb30Banu Kputepuii x? INiupcoHa. Y naumeHToB ¢ 6one3Hbto MapkuHcoHa B 70% criydaes Habnopan oaHo-
WAV ABYCTOPOHHEE MCHE3HOBEHME HUIPOCOMbI-1. ELlle y ABYX maumeHToB ¢ 6one3Hbto MapkuHcoHa (10%) BbISBUM MeHee creumnyHble U3MEHEHWS YEPHOM
CyOCTaHLMM — YMEHbLUEHME 06beMa HUrPOCOMbI-1. HanpoTve, y BCex NaumeHToB C accerHumanbHbiM Tpemopom (100%) Hurpocoma-1 octaBanach COXPaHHOM
C [ABYX CTOPOH (p < 0,001). MNMony4eHHble NpeaBapuTenbHble PedynbTaTbl AEMOHCTPUPYHOT BbICOKUIA MOTEHLMAN METOANKM BU3YallbHOMO aHanmn3a HUrpoCoMbl-1 B
nvdbbepeHLmanbHo ararHocTvke 6onesHn MapkrHCOHa 1 acceHUMansHoro Tpemopa.

KniouyeBble cnosa: 6051e3Hb [apK1MHCOHa, 3CCeHUMabHbI TPEMOP, HUrpocoMa-1, MarHUTHO-pe30oHaHCcHast Tomorpadust, SWI-pexxim
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Parkinson’s disease (PD) and essential tremor (ET) are common
movement disorders that predominantly affect the elderly [1, 2].
Both diagnoses are clinical and rely on the sum of their typical
neurological manifestations. According to the criteria for PD
published by the International Parkinson and Movement
Disorder Society in 2015, bradykinesia combined with resting
tremor and/or rigidity in the presence of supportive criteria and
the absence of absolute exclusion criteria indicates clinically
definite or clinically probable PD [3]. Importantly, apart from
motor manifestations, the clinical picture of PD can include non-

BULLETIN OF RSMU | 1, 2022 | VESTNIKRGMU.RU

motor symptoms that predate motor impairment and progress
gradually as the disease advances [4].

According to the updated criteria proposed by the
International Parkinson and Movement Disorder Society in 2017,
ET is defined as “an isolated tremor syndrome of bilateral upper
limb action tremor with at least 3 years’ duration, with or without
tremor in other locations” [5]. In practice, patients with ET often
present with additional neurological symptoms that go beyond
the definition of ET, including resting tremor, impaired tandem
gait, etc. Such cases are classified as ET plus. Besides motor
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manifestations, many patients with ET have various non-motor
symptoms [2] that usually do not have any particular clinical
significance but complicate differentiation between ET and PD.

Radionuclide imaging, e.g. positron-emission tomography
(PET), single photon emission computed tomography (SPECT)
and transcranial sonography (TCS), can be used to differentiate
between ET and PD by assessing damage to the substantia
nigra (SN), the primary target of neurodegeneration in
PD, which remains intact in ET [6, 7]. However, radionuclide
imaging has objective limitations impeding its exploitation in
clinical neurological practice.

The use of magnetic resonance imaging (MRI) for
diagnosing PD and differentiating it from nondegenerative
forms of parkinsonism became possible with the spread of
high-field MR scanners and the introduction of additional MRI
sequences into the standard MRI protocol.

Dopaminergic neurons of SN are arranged into cell clusters
called nigrosomes [8]. Nigrosome-1, the largest of 5 known
nigrosomes, appears on high-resolution susceptibility weighted
images (SWI) as an oval slightly hyperintense region in the dorsal
SN. Nigrosome-1 divides SN into 2 parts, bearing resemblance
to a swallow tail, hence its name “the swallow tail sign” [9].
Recent research has shown that location of the hyperintense
nigrosome-1 region in the surrounding hypointense SN structures
can be quite variable and does not always fit the “swallow tail”
profile [10]. Patients with PD demonstrate a loss of dorsolateral
nigral hyperintensity due to the involvement of nigrosome-1
in neurodegeneration [9, 11]. In ET, structural and functional
changes have been reported in the cerebellum and the brain
stem (predominantly in the locus coeruleus) [12]. Despite the
lack of consistency between the results of pathomorphological
studies and the understudied pathogenesis of ET, so far there
has been no reliable evidence about the presence of pronounced
SN degeneration in patients with ET comparable to that in
patients with PD. Consequently, attempts have been made
to determine the diagnostic significance of visual assessment of
nigrosome-1 images in discriminating between PD and ET. The
method has demonstrated high sensitivity and high specificity;
besides, it does not require image post-processing and therefore
is effective and suitable for clinical practice [13, 14].

To our knowledge, there are no publications analyzing the
described neuroimaging pattern of SN changes in the Russian
cohort of patients with movement disorders. The aim of this
study was to assess the biomarker role of dorsolateral nigral
hyperintensity loss in differentiating between PD and ET, which
is a phenotypically similar disorder.

METHODS
Participants

Participants were recruited from in- and outpatients undergoing
treatment at the Research Center of Neurology from January
to October 2020. The study included 20 patients with tremor-
dominant/mixed types of PD (group 1) and 10 patients with
ET (group 2). The diagnosis was made based on the current
criteria for each of these disorders. PD staging was done using
the functional Hoehn—Yahr scale: 40% of the patients had stage 1
(n = 8), 30% had stage 2 (n = 6), and 30% had stage 3 (n = 6).
The patients gave informed consent to participate in the study
and have their personal data processed.

The following exclusion criteria were applied: the past
history of other neurologic/psychiatric disorders; psychoactive
substance abuse; alcohol abuse; intake of tremorogenic drugs;
tremor-inducing metabolic disorders; structural damage to

the brain (neoplasms, infarction, brain injury sequelae); MRI
artifacts precluding the analysis of MR images; age under
18 and above 80 years.

MRI protocol and analysis of MR images
MRI protocol

All MR images were acquired using a 3T Siemens MAGNETOM
Verio scanner equipped with an 8-channel head coil. SWI
sequences were acquired to assess nigrosome-1 appearance
(TR = 27 ms, TE = 20 ms, slice thickness = 1.5 mm, dist.
factor = 20%, FoV = 172 x 230 mm?, scan time = 2 min 59 s).
Besides, T2, T1 MPR, T2 FLAIR and DWI images were acquired
to exclude other causes of parkinsonism. The axial plane
was parallel to the line connecting the anterior and posterior
commissures across all brain structures.

Qualitative analysis of acquired images

On the acquired SW images, nigrosome-1appeared as an
oval slightly hyperintense region in the hypointense area of
the dorsal midbrain (SN). Visual analysis of the images was
performed using the following 4-point ordinal scale: O points —
the norm (nigrosome-1 is visualized bilaterally); 1 point — the
image has no diagnostic value (nigrosome-1 is poorly visualized
on one or both sides or is diminished in size, i.e. partially lost);
2 points — abnormality (nigrosome-1 is absent unilaterally);
3 points — abnormality (nigrosome-1 is absent bilaterally). For
illustrative purposes, MR images of 4 patients with different
nigrosome-1 appearance are provided in Fig. 1. Qualitative
analysis was conducted by 2 radiologists who had no access to
the patients’ medical records and were working independently.
If their conclusions were conflicting, preference was given to
the opinion of the more experienced radiologists.

Statistical analysis

The results of the study are presented below as medians
and lower and upper quartiles (Med, Ig, ug). Demographic
characteristics of the patients (age, sex, duration of the disease)
were compared using the Fisher exact test and the Mann—
Whitney U-test. Nigrosome-1 scores were compared between
the groups using Pearson’s chi squared test. In all statistical
tests, the significance threshold was assumed to be p < 0.05.
The data were analyzed in StatTech v1.1.0, SPSS Statistics.

RESULTS
Demographic characteristics

The PD and ET groups did not differ significantly in terms of
sex and age (p = 0.246, p = 0.082, respectively). The duration
of the disease was significantly longer in the patients with ET
than in those with PD (p < 0.003). The analysis of associations
between the disease and sex was performed using Fisher’s
exact test; the associations between age and disease duration
were tested using the Mann-Whitney U test. Demographic
characteristics of the patients are provided in Table.

Neuroimaging data
Nigrosome-1 was clearly visible bilaterally in all patients with

ET (n = 10), so all patients from group 2 scored 0 points on the
rating scale (100%).
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Fig. 1. Susceptibility-weighted MR images in the axial plane; slices pass through the cerebral peduncles. The substantia nigra is hypointense on SWI sequences,
whereas nigrosomes-1 (yellow circles) are hyperintense. The figure shows different patterns of nigrosome-1 appearance in patients with PD (A — O points, B — 1 point

(nigrosome-1 is reduced in volume on the left), C — 2 points, D — 3 points)

However, it was absent in 70% of patients with PD (n = 14);
the ratio of unilateral and bilateral loss of dorsolateral nigral
intensity was 1 : 1. Accordingly, 7 patients with PD scored
2 points (35%) and 7 other patients with PD scored 3 points
(35%).

Nigrosome-1 was intact (0O points) in 4 patients with PD
(20%); 2 more patients with PD (10%) scored 1 point: their
MRI scans showed a reduction in nigrosome-1 size on
one side, which was interpreted as having no diagnostic
value. Comparison of the PD and ET groups demonstrated
a significant difference in the results expressed as percentage
(o < 0.001, Pearson’s x°).

Thus, the study demonstrates a high diagnostic value of
non-invasive visual nigrosome-1 assessment in differentiating
between PD and ET: the sensitivity and specificity of the
method were 70% and 100%, respectively. The results are
provided in Fig. 2.

DISCUSSION

Oftentimes, discrimination between early-stage PD and
phenotypically similar disorders poses a certain difficulty to a
neurologist. The aim of this study was to assess the diagnostic
significance of non-invasive nigrosome-1 assessment in
differentiating PD from ET.

It has been over 20 years since heterogeneity of the SN
pars compacta (i.e. identification of nigrosomes and the nigral
matrix by immunohistochemical staining) was discovered

Table. Demographic characteristics of the patients

and the staging of nigrosome damage due to PD-related
neurodegeneration was pathomorphologically confirmed
[8, 15]. Non-invasive imaging of nigrosome-1 became possible
with the spread of high-field MR scanners and the introduction
of SWI sequences into the standard brain MRI protocol [9, 16].
SWI is a technique that utilizes 3D pulse MRI sequences
sensitive to magnetic field inhomogeneities. It is based on the
following phenomenon: iron, calcium and deoxyhemoglobin
can enhance a local magnetic field and induce a positive phase
shift, in comparison with the surrounding cerebral tissues.
Tissues containing these paramagnetic agents appear on SW
images as regions of hypointense MR signal [17, 18].

In healthy subjects, SN appears on MR images as a
hypointense midbrain region dorsally divided into 2 segments
by an oval hypointense area. Histopathological studies
have confirmed that this dorsolateral nigral hyperintensity
corresponds to nigrosome-1 and that signal enhancement may
be associated with low iron content in this region in comparison
with the surrounding SN [19].

Nigrosome-1 is not visualized in patients with PD. Apart
from the loss of dopaminergic neurons, this may be associated
with iron accumulation occurring in parallel [20, 21]. The loss
of dorsolateral nigral hyperintensity is currently regarded as
one of the most promising biomarkers of PD. For example, a
recent meta-analysis reports that the diagnostic accuracy of
nigrosome-1 imaging for the differentiation between patients
with idiopathic PD and healthy individuals demonstrates high
sensitivity and high specificity [22].

i Disease
Characteristic . Categories / p
units of measurement PD ET
Women 11 (55 8 (80)
oy 9 Sl 0.246
abe. (%) Men 9 (45) 2 (20)
Age, 60 73.5
Me [Q,-Q,] Full years [52.25-66.5] [58.5-77.25] 0.082
Disease duration, 3 10
Me [Q-Q, Full years [2-6.5] [8.5-15.75] 0.003
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Fig. 2. Results of non-invasive nigrosome-1 assessment in patients with PD and ET

The diagnostic value of this neuroimaging marker in
differentiating between PD and ET was assessed in two
studies published in 2019. Jin L. et al. analyzed MR images
of 68 patients with PD, 25 patients with ET and 34 control
subjects. The method demonstrated high sensitivity (79.4%)
and high specificity (92.0%) [13]. M. S. Perez Akly et al. studied
dorsolateral nigral hyperintensity in 16 patients with PD and 16
patients with ET. The results were comparable to the results
of the study by Jin L. et al. According to one of 2 involved
radiologists, the sensitivity and specificity of the method were
93.75% and 87.5%, respectively. The second radiologist
reported 93.75% sensitivity and 75% specificity [14]. Thus, the
method was shown to be effective in differentiating between
PD and ET by 2 independent research teams.

Our study also confirms the diagnostic value of noninvasive
nigrosome-1 imaging. In contrast with ET patients, the absence
of dorsolateral nigral hyperintensity in SN was observed in the
majority of our PD patients. The sensitivity and specificity of the
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MEDIUM-TERM OUTCOMES OF EXTRAARTICULAR CORRECTIVE OSTEOTOMY FOR SLIPPED
CAPITAL FEMORAL EPIPHYSIS

Egiazaryan KA, Grigoriev AV? = Ratiev AP', But-Gusaim AB', Sirotin IV

! Pirogov Russian National Research Medical University, Moscow, Russia
2 Moscow Regional Clinical Hospital for Trauma and Orthopedics, Moscow, Russia

Despite the diversity of surgical options for slipped capital femoral epiphysis (SCFE), there is an ongoing search for the technique that would ensure a satisfactory
outcome, stable fixation of bone fragments and a low rate of complications. The aim of this study was to improve the surgical technique for SCFE in patients with
moderate and severe SCFE. The study included 52 children (16 girls and 36 boys) aged 10-15 years (the mean age was 13.2 years) with chronic severe (Krechmar’s
stage lll) stable (according to Loder’s classification) SCFE. The control group (n = 16) underwent a classic Imhauser procedure; the main group (n = 36) underwent
a triplane osteotomy proposed by the authors of the study. The patients were examined prior to surgery and in the late follow-up period (the mean follow-up time
was 4.7 years, ranging from 1 to 10 years). The procedure included a clinical examination, history taking, radiography to measure the slip angle and the severity
of the slip, and the Harris hip score to assess hip function. After 4.7 years, both groups demonstrated an increase in the range of motion, in comparison with
their preoperative results (o < 0.05), good Harris hip scores (94 points in the main group and 81 points in the control group. Postoperative radiographs showed
consolidation of the bone, recovery of the proximal femur anatomy. Leg length discrepancy improved significantly in both groups. The proposed technique for
extraarticular osteotomy allows recovering the length of the affected leg, the anatomy and physiology of the hip joint, is simple and less traumatic.
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CPEQAHECPOY4HbIE PE3YJ/IbTATbl BHECYCTABHOW KOPPUIMPYIOLLEEW OCTEOTOMUA
BELOPA MPU IOHOLLECKOM 3MN®U3EONIU3E MOJIOBKW BEAPEHHOW KOCTU

K. A. ErvasapsiH', A. B. lpuropbes? =2, A. I, Patees’, A. B. ByT-lycanm’, V1. B. CrpoTuH’

T Poccuiickuii HaLmoHanbHbIA MCCneaoBaTenbCKni MeAULIMHCKMA yHMBepcuTeT umern H. V. Muporosa, Mockea, Poccus
2 MockoBckas 0bnacTHas KnmMH14eckast TpaBMaToNnoro-opToneanyeckas 6onsHuLa, Mockaa, Poccus

HecMoTpsa Ha MHOXECTBO MPEIOKEHHbIX METOLOB XMPYPIMHECKOro IEHEHNST FOHOLLIECKOrO 3nnhr3eonina ronoBky 6eapeHHoin koctin KOSMBK, npopomkaiotest
MOVICKM Bap1aHTa onepaLiin, obecnevmsaroLLen yAoBNETBOPUTENBHYHO KOPPEKLIIO, CTaBUIIbHYIO (NKCALIMIO KOCTHBIX (hparMEHTOB U H3KUIA YPOBEHb OCIIOMHEHWI.
Llensto paboTbl b0 YCOBEPLLEHCTBOBATL TEXHVKY nedeHns naupeHTos ¢ KOSIBK cpegHe-Tsbxkenon crenenn. B nccnenosaHne sownm 52 pebeHka B BO3pacTe
10-15 ner (cpeaHuin BospacT 13,1), 13 HMX 16 aeBodek 1 36 ManbvnkoB, cTpapatolme KOSIMBK Tshkenon ctenenn (3-a ctagmst no knaccudmnkaummn Kpedmapa),
XPOHUYECKOrO TEYEHUSI, CTabubHOro Tuna (knaccudukaums Loder). MNaupeHTam KOHTpobHOW rpymnbl (1 = 16) BbinonHeHa cTaHaapTHas onepaums no Imhauser,
vcenegyemont (n = 36) — aBTopckasi TPEXMNIOCKOCTHast ocTeoToMusA. [aupmeHToB obcnenosanv 4o onepauyn U B OTAasIEHHbIE CPOKY (CPEaHUA CPOK HabmoaeHs
cocTaBvn 4,7 roga (ot 1 4o 10 NeT) C NOMOLLIBIO KIMHUYECKOro MeTofa (COop aHamHesa, 06 bEKTVBHOE NCCNEeN0BaHNE), PEHTIEHOMOMMYECKOro MeToaa (onpeaeneHne
CTerneHy CocKanb3blBaHUS 1 yrna COCKasb3blBaHWS), a Takxke OMpOoCHMKa (YHKLMOHaNbHOrO cocTosHus (Harris hip score). B cpegHem Yepes 4,7 roga B 0benx
rpynnax OTMe4eHo yBenmyeHre obbema ABVKEHWIA B CPaBHEHUM C AOOMNEPaLMOHHbIMI MokasaTtenamm (o < 0,05), xopolumne dyHKUMOHabHble nokasarten HHS (B
vcenegyemont rpynne — 94 6anna, B KOHTPObHON — 81 6ann); Ha KOHTPOSbHbLIX PEHTIEHOrPaMMax OTMEHeHa KOHCONMAALIMA KOCTHbIX (DParMEHTOB C COXPaHeHNeM
KOPPEKLMM MPOKCYIMabHOro OTAena 6eapa, AnMHa KOHEHYHOCTEN Takke BOCCTaHOBWIACh B 06enx rpynnax. MpeanoxeHHas BHECyCTaBHas OCTEOTOMYIS MO3BONSET
BOCCTaHOBWTb [JIMHY KOHEYHOCTY, aHAaTOMO-(hU3NONOrNHECKIE B3aMMOOTHOLLIEHNS B TA300€PEHHOM CyCTaBe, MpocTa B UCTMIONHEHWN 1 MEHee TpaBmaTuyHa.

KntoueBble cnoBa: IOHOLLECKUI 3nM(N3eonn3 ronoBky 6efpeHHo KOCTU, BHECYCTaBHaa KOppUrnpytoLas octeotomus beapa, Ta3obeqpeHHbIn cycTas,
onepauust Imhauser

Bknap aBTOpPOB: BCE aBTOPbI BHEC/IN CYLLECTBEHHbI BKIa, B MPOBEAEHNE UCCNEA0BaHUA 1 MOArOTOBKY CTaTbW, MPOYIM 1 O[06puan hrHanbHyto BEPCUIo nepes,
nyénnkaumen.

CobntofeHne aTUHeCKNX CTaHJapToB: VCCnefoBaHvie ofobpeHo aTndeckuM kommtetom PHIMY mum. H. W. TMuporoea (npoTtokon Ne 213 ot 13 pekabpst 2021 r.)
BbIMOMHEHO B COOTBETCTBUM C STUHECKVIMU CTaHAapTamu XenbCUHCKON Aeknapauuy; POAMTENN NaumeHToB Aann cornacue Ha o6paboTky v nybnmkaumio vx
nepcoHasbHbIX AaHHbIX.

><] Ansa KoppecnoHaeHuuun: AnekcaHap Bnagummposud Mprropses
[MonepeyHbi mpocek, A. 3/5, kab. 23, r. Mocksa, Poccus; avgrigoriev@mail.ru

Cratbsi nonyyeHna: 10.01.2022 CtaTtbsa npuHATa K neyartu: 24.01.2022 Ony6nukosaHa oHnaniH: 31.01.2022
DOI: 10.24075/vrgmu.2022.003

Slipped capital femoral epiphysis (SCFE) is a relatively rare,  arrangement of the extracellular elements of connective
predominantly juvenile disorder [1]. Due to a variety of causes,  tissue. The bone resorbs, and the epiphysis slips out of its
including endocrine, the osseous tissue of the metaphysis at  normal position [2, 3]. The typical underlying mechanism of
the epiphyseal-metaphyseal junction undergoes structural ~ SCFE is associated with high axial load and is characterized
transformation resulting in the disruption of the osteoclast/ by the posterior-inferior displacement of the epiphysis and its
osteoblast balance and accompanied by the spatial retroversion [4].
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The disease occurs in 4-5 individuals per 100,000
population. It is more likely to affect pubescent boys aged 12-13
years (the male to female ratio is 3 : 2). Clinically, it presents
as outer thigh pain or pain in the hip and knee joints (as a rule,
pain in the knee joint is more common), which often urges the
doctor to search for a possible knee joint pathology and thus
misdiagnose the patient, because the true cause of pain, i.e.
slipped proximal femoral epiphysis, remains overlooked.

There are a few classifications of SCFE used in clinical
practice. The Southwick Slip Angle Classification is based
on the epiphyseal-metaphyseal angle and categorizes the
degree of epiphyseal displacement as mild (0-30°), moderate
(80°-50°) and severe (> 50°). The Loder Classification evaluates
epiphyseal stability and the patient’s ability to bear weight. A
stable slip means that the patient is able to bear weight with
or without crutches; an unstable slip means that the patient is
unable to bear weight even with crutches.

Another classification was proposed by Krechmar in 1982:

Stage I: predisplacement; no signs of epiphyseal displacement,
pronounced changes in the proximal physis (growth plate) and
the metaphysis (femoral neck);

Stage II: the epiphysis is displaced posteriorly (< 30°) and
inferiorly (< 15°); there are structural changes in the metaphysis;
the proximal physis is open;

Stage IlI: the epiphysis is displaced posteriorly (> 30°) and
inferiorly (> 15°); there are structural changes in the metaphysis;
the physis is open;

Stage IV: acute posteroinferior displacement of the
epiphysis; the physis is open;

Stage V: residual proximal femoral deformity with various
degrees of epiphyseal displacement and the closed proximal
physis.

This grading system integrates some of the abovementioned
classifications and is, in our opinion, the most convenient.

On examination, patients with SCFE have a limp, the
affected leg appears shorter, there is excessive external rotation
of the hip, progressing over time; internal rotation of the hip is
limited; reaching the full range of motion is painful. Krechmar’s
stage lll is characterized by the positive Hofmeister-Drehmann’s
sign. The diagnosis is confirmed by anteroposterior and frog-
leg lateral radiographs. In 20% of cases, SCFE is bilateral [5].

Because the condition is rare, it is often diagnosed in the
advanced stage. In the majority of cases, patients with SCFE
are hospitalized when the proximal femur deformity becomes
very pronounced [1]. SCFE has a serious social impact, so it is
important to ensure prophylaxis of early hip joint osteoarthritis,
hip impingement syndrome and avascular necrosis of the
epiphysis, which has been correlated with SCFE in a number
of studies [6, 7].

The main goal of SCFE treatment is to prevent further
femoral deformation, stabilize the proximal epiphysis and
preserve blood supply to the epiphysis [8].

A diversity of surgical interventions for chronic SCFE have
been proposed, including in situ fixation with pins, screws or
plates, epiphysiodesis and various types of proximal femur
osteotomy [9].

At present, the preferred treatment option for moderate
and severe epiphyseal displacement (> 30°) is osteotomy
[10]. Depending on its site, osteotomy can be classified into
subcapital (the Dunn procedure, Fish cuneiform osteotomy),
osteotomy conducted at the femoral neck base (Kramer
intraarticular osteotomy Badama extraarticular osteotomy) and
intertrochanteric (the Southwick and Imhauser procedures).
The outcome is measured by assessing hip joint function, the
presence of residual displacement, the adverse sequelae of

the surgical intervention (impaired blood supply to the femoral
head), and the simplicity of the surgical technique [11].

In theory, proximal osteotomies of the femoral neck (Dunn
procedures) are the ideal tool for restoring the anatomy of the
proximal femur because SCFE-related deformities arise at this
particular anatomical site [12]. However, there are reports that
these procedures impede blood supply to the femoral head
and cause avascular necrosis of the femoral head in 10-26%
of patients. Due to the high risk of avascular necrosis, it was
proposed to perform osteotomy in the intertrochanteric area of
the femur [13].

Southwick osteotomy is a classic surgical intervention
for SCFE. It corrects the metaphyseal-diaphyseal angle and
eliminates excessive external rotation of the hip; however,
it does not significantly affect the position of the proximal
epiphysis in the acetabulum. In the past, neither surgeons, nor
patients were fully satisfied with the outcome, which gave rise
to multiplane osteotomies [14].

A triplane corrective osteotomy was proposed by Krasnov
Al (RU 2364365, C2). It is more pathogenetically reasonable
because it simultaneously corrects deformities in the frontal,
horizontal and sagittal planes; fixation is performed with an
angled blade plate [15].

Among the main drawbacks of the Krasnov osteotomy
are its technical difficulty and the need to cut off the greater
trochanter, which results in prolonged operative time. Besides,
during this type of surgery, rotation is performed according to
the position of the blade, i.e. around the longitudinal axis of the
metaphysis. If the epiphysis is significantly displaced posteriorly
(>40°) and only slightly inferiorly, which is a common occurrence,
rotation of the proximal femur around the metaphyseal axis
pushes the epiphysis and the metaphysis into a valgus and
varus position, respectively. This results in a hip subluxation
and/or the varus deformity of the metaphysis, with the high
position of the greater trochanter, leading to the dysfunction of
gluteal muscles and limping [16].

There is another variant of triplane corrective osteotomy
with an angled blade plate (RU 2604039, C1). Advantageously,
by changing the rotational axis of the proximal femur, correction
can be performed in the frontal, horizontal and sagittal planes,
preventing angular deformity of the femoral diaphysis, hip
subluxation and varus deformity of the metaphysis [17].

In 1966, Imhauser described an intertrochanteric osteotomy
that eliminated femoral varus and metaphyseal extension and
rotation. The surgery is essentially a cuneiform osteotomy
involving resection of the anterior or anterolateral fragment of
the bone, followed by blade plate fixation [18]. There is a wealth
of publications about this procedure, indicative of its popularity.
[t should be noted that femoral head subluxation in the setting
of excessive valgization and a deformity of the proximal femur
are common complications of this intervention [19-21].

Considering all currently existing surgical treatment options,
their complications, stability of epiphyseal fixation, duration
of postoperative immobilization and patient outcomes, we
developed an original technique for SCFE correction based
on the analysis of the aforementioned procedures. The aim of
this study was to improve the outcomes of SCFE treatment
in children and to assess the effectiveness of the proposed
technique.

METHODS
Qur retrospective study included 52 children with SCFE

undergoing treatment at the Children’s hospital of the
Department of Traumatology, Orthopedics, and Disaster Surgery
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Fig. 1. The schematic representation of the proposed osteotomy technique. 1 — femoral epiphysis; 2 — femoral metaphysis; 3 — the greater trochanter; 4 — jaws of
the Trotsenko-Nuzhdin plate; 5 — osteotomy site; 6 — the longitudinal axis of the femoral diaphysis; 7 — the locking part of the plate; 8 — the diaphyseal part of the
plate; 9 — the part of the plate anchored to the greater trochanter; 10 — screws fixing the Trotsenko-Nuzhdin plate; 11 — the longitudinal axis of the femur

from 2010 to 2020. All patients underwent a clinical examination
(medical history and complaints, demographic characteristics,
symptoms, range of motion assessment) and radiography; pain
and hip function were assessed using the Harris hip score [22].

The patients were divided into 2 groups. The control
group included patients undergoing a classic intertrochanteric
Imhauser osteotomy, the main group comprised patients
undergoing the original variant of osteotomy proposed by the
authors of this study [23].

The following inclusion criteria were applied: posterior (30°)
and/or inferior (>15°) displacement of the proximal femoral
epiphysis, the growth plate being open; no past history of hip
surgery; the absence of technical errors during surgery.

Exclusion criteria: posterior displacement of the epiphysis
by < 30° or > 75°; the closed growth plate; a past history of
hip surgery; complete separation of the epiphysis from the
metaphasis (acute slip).

The clinical examination included identification of complaints
and assessment of gait, i.e. limping, the ability to ambulate,
pain during ambulation, pain during movements, fixed external
rotation of the affected hip; limited flexion, internal rotation and
adduction of the leg.

Anteroposterior and frog-leg lateral radiographs of the hip
were acquired before and after surgery and in the late follow-
up period. Radiographic staging was done in accordance with
Krechmar and Loder classifications [24, 25].

The main outcome measure was hip function assessment
with the Harris hip score. This tool was developed to evaluate
the outcomes of hip surgery. It includes 4 domains: pain,
function, deformity, and range of motion. For each domain,
the total score is calculated (the maximum total score is 100
points). The higher the score, the better the quality of life. The
score over 90 points one year after surgery was interpreted as
an excellent outcome, 80-90 points as good, 65-79 points as
satisfactory, and below 65 points as unsatisfactory.

All patients were examined prior to surgery and in the late
follow-up period. All patients underwent an osteotomy and
were advised to unload the operated leg for 4-12 months.
After 4-12 months, the plate was removed and the follow-up
observation continued.

Statistical analysis was conducted in SPSS (IBM SPSS
Statistics 22; USA), and Excel (Microsoft; USA). The significance
of differences between the groups was assessed using the
non-parametric Kruskal-Wallis test; correlations between two
quantitative variables were measured using the Spearman rank
correlation coefficient. Differences were considered significant
atp < 0.05.

Surgical technique

In the proposed technique, the spatial position of the axis
around which the proximal femur is rotated during femoral

Fig. 2. The anteroposterior and frog-leg lateral radiographs of the right hip (patient M., 12 years). Stage Ill chronic SCFE
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Fig. 3. The anteroposterior and frog-leg lateral radiographs of the right hip (patient M., 12 years) after an intertrochanteric osteotomy of the hip with plate fixation

osteotomy is different, as is the osteotomy type (Fig. 1).
Fixation is performed with a Trotsenko-Nuzhdin plate. The
points of entry for the jaws were planned 0.3-0.5 cm superoir
to the greater trochanter growth plate and at the posterior
epiphyseal displacement distance from the midline of the lateral
face of the greater trochanter. The jaws of the plate must be
inserted so that the angle between the line parallel to the axis
of the diaphyseal part of the plate and the line parallel to the
femoral diaphysis equals the angle of epiphyseal retroversion.
Blade insertion channels were formed in the proximal femur.
Then, high intertrochanteric osteotomy was performed and the
jaws were introduced in the prepared channels. The diaphyseal
part of the plate was pulled posteriorly, keeping some space
between the diaphysis and the diaphyseal part of the plate,
until the midlines going through the central axis of the plate and
the femoral diaphysis coincided. Thus, the femoral head was
recovered from its retroverted position and derotated. Then
the diaphyseal part of the plate was pressed to the femoral
diaphysis and the inferior displacement of the epiphysis was
eliminated. The locking part of the plate was anchored to the
greater trochanter; the screws were inserted in such a way that

they passed outside the femoral neck. The diaphyseal part of
the plate was anchored to the femur. Importantly, the maximum
angle of forward rotation of the proximal femoral fragment
should be 45°; rotation of over 45° is prohibited due to the
risk of ischemic complications. If the epiphysis was displaced
posteriorly by over 45°, residual displacement was corrected
by derotating the proximal fragment, using the formula: MEA —
45° (where MEA is a metaphyseal-epiphyseal angle before
surgery). If the epiphysis was displaced inferiorly, its position
was corrected by valgization of the proximal fragment. To fix
the Trotsenko-Nuzhdin plate, the jaws were introduced into the
greater trochanter; this saves the femoral neck from injuring
and helps to preserve blood supply to the proximal femur.

Postoperative rehabilitation

Postoperative rehabilitation was different in the main and
control groups. In the main group, the patients remained on
bed rest for 6 months and wore an antirotation foot support.
The control group remained on bed rest for 3 months after
surgery and wore a spica cast. Verticalization was encouraged

Fig. 4. The anteroposterior and frog-leg lateral radiographs of the right hip (patient M., 12 years) 12 months after the osteotomy (after bone consolidation and plate removal)
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Preoperative leg length discrepancy, cm Postoperative leg length discrepancy, cm
Group Me Q-Q, Me Q-Q,
Main 1.25 0.63-2 0 0-05
Control 1 0.5-1.38 1 0.5-1

at week 6 in the main group and at week 3 in the control group.
Early rehabilitation was carried out only in the control group and
included passive and, later, active physical exercise.

The plate was removed 10-12 months after the intervention.

RESULTS

A total of 52 patients were included in the study. Of them, 16
(80.8%) were girls and 36 (69.2%) were boys. The main group
comprised 36 patients and the control group consisted of 16
patients. All patients were 10-15 years old; the mean age was
13 = 1.1 years.

In the main group, there were 12 girls (33.4%) and 24 boys (66.6%);
the control group included 4 girls (25%) and 12 boys (75%).
The mean age in the main group was 13 + 1.1 years (p = 0.1).

In both groups, all patients (100%) presented with pain
and gait disturbance. All of them had a positive Hofmeister-
Drehmann sign on examination.

In all patients, a positional deformity was observed in one of
the legs due to excessive external rotation. For external rotation,
the postoperative range of motion was 41.2° on average (40.8°
in the main and 42.2° in the control groups, respectively;
p = 0.3). Preoperatively, it was 69.0° (68.4° and 69.9° in the
main and control groups, respectively; p = 0.2).

Internal rotation of the hip was limited in all patients; the average
range of motion was 5.2° (4.8° and 6.9° in the main and control
groups, respectively; p = 0.006). The leg length discrepancy was
comparable between the groups, equaling 1.25 cm on average
(1.20 cm in the main vs 1 cm in the control group; p = 0.02).

The metaphyseal-epiphyseal and the epiphyseal-diaphyseal
angles were measured in the frog-leg lateral and the anteroposterior
radiography views, respectively (Fig. 2-4). The average angle of
posterior epiphyseal displacement was 46.8° (47.7° and 45.8° in
the main and control groups, respectively; p = 0.002).

Due to the risk of acute epiphyseal slippage, the Harris hip
score for hip function assessment was not used during the
preoperative examination.

The average length of hospital stay was 14.4 in the main
group vs 15.7 days in the control group (p = 0.0075). Average
operative times were 71 min in the main group vs 137 min in
the control group (p = 0.0011).

The follow-up examination performed 4.7 years (on
average) after the surgical procedure revealed an improvement
in internal hip rotation by an average of 16.7° (20.1° in the
main group vs 9.1° in the control group; p = 0.0024). The leg
length discrepancy was compensated and was now 0.5 cm on
average (0 cm in the main group vs 1 cm in the control group;
p = 0.5) (see Table).

Hip function assessment was performed only in the late follow-
up period (4.7 years after the osteotomy), so it is impossible to
track how hip function had been changing over that period, but the
end result can be measured in both groups. The average Harris
score in the late follow-up period was 89 points (94 points in the
main group vs 81 points in the control group; p = 0.001) (Fig. 5).

Chondrolysis is a serious complication of surgery for SCFE
and the disorder itself. Chondrolysis was observed in one
patient in the main group (2.8%) and two patients in the control
group (5.6%; p = 0.0013).

DISCUSSION

The literature offers a diversity of surgical techniques for
treating chronic SCFE. The choice of the technique depends
on the stage of the disorder and the experience and skills of
the operating surgeon.

Today, SCFE is usually managed with intertrochanteric and
subtrochanteric osteotomies of the femur involving fixation with
an angled blade plate and screws or by an osteotomy of the
femoral neck with screw fixation.

The original technique for metaphyseal osteotomy proposed
by the authors of this study has demonstrated good outcomes
and a low rate of complications.

Demographic parameters (age and sex), the average
range of motion for external rotation of the hip and leg length
discrepancy were comparable between the groups (p = 0.05).
There was a significant difference in the range of motion for
internal rotation: 4.8° in the main vs 6.9° in the control group
(o = 0.006). The length of hospital stay was comparable, but
the average operative times differed significantly, being shorter
in the main group.

The follow-up examination conducted 4.7 years after the
osteotomy revealed an increase in internal rotation, which was
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Fig. 5. Harris scores 4.7 years after surgery in the main and control groups
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significant in the main group (20.1°), compared to the control
group (9.1°; p = 0.0024).

Hip function was assessed 4.7 after the osteotomy using
the Harris hip score; the average score was 94 points for the
main group and 81 points for the control group (o = 0.001).

The analysis of the obtained data showed that the main
group subjected to a triplane osteotomy and fixation with the
Trotsenko-Nuzhdin blade plate tolerated the procedure better
(the intervention was shorter due to its technical simplicity). The
duration of postoperative immobilization with antirotation foot
support was minimal in the main group, which facilitated the early
commencement of rehabilitation. Consequently, most patients
in the main group were able to improve internal hip rotation and
restore the length of the affected leg to the maximum possible
extent. Owing to the design of the Trotsenko—-Nuzhdin plate
(the bifurcated blade is introduced into the greater trochanter),
the femoral neck was not traumatized intraoperatively, which
had a positive effect on blood supply to the epiphysis.
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ADHERENCE TO TREATMENT IN VISUALLY IMPAIRED INDIVIDUALS
Bikbov MM, Israfilova GZ =, Gilmanshin TR, Zainullin RM, Yakupova EM
Ufa Eye Research Institute, Ufa, Russia

Adherence to treatment is one of the major challenges posed by modern medicine. Today, cataract is the leading cause of reversible blindness and visual disability.
The study was aimed to assess adherence to timely surgical treatment in individuals with cataract. The data of the cross-sectional, population-based Ural Eye
and Medical Study were assessed. Among 546 participants, there were 46.3% men and 53.7% women, 59.6% urban resudents, 40.4% rural residents. Their
average age was 66.36 + 9.47 years (40-88 years). Statistical data analysis was performed using the IBM SPSS Statistic software package. The findings showed
that the lack of awareness of the disorder and low interest in surgery were the main factors, affecting the patients' motivation for cataract treatment. At the same
time, the frequency of ophtalmology visits was inversely related to the patients' age (OR 1.24; 95% Cl 1.04-1.49) and the duration of vision loss (OR 1.08; 95%
Cl1 0.81-1.43), and directly related to the cataract diagnosis age (OR 1.20; 95% Cl 1.04-1.38), the presence of ophthalmologist in the community clinic (OR 1.71;
95% Cl 1.29-2.26), trust in the doctor (OR 3.62; 95% CI 3.02-4.35), ophthalmologist's explanation of the cataract complications and advanced treatment methods
(OR1.62; 95% Cl 1.34-1.97). Understanding the main factors, contributing to low treatment adherence in patients with cataracts, would make it possible to optimize
the measures to improve healthcare delivery to such patients, associated with the increased coverage of surgical treatment.
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NMPUBEP>XEHHOCTb K JIEMEHWIO JIUL, C HAPYLLUEHUEM 3PEHUA
M. M. Bukb6os, I'. 3. Vicpadunosa™, T. P. nbMaHLLvH, P. M. 3aiHynnvH, 3. M. Akyrnosa
YhUMCKIMiA Hay4HO-CCneaoBaTeNbCKNA MHCTUTYT rasHbix 6onesHen, Yda, Poccust

Mpobrema NPUBEPXKEHHOCTY K JIEHEHMIO — OfHa U3 Hanboree 3HaYMMbIX [t COBPEMEHHOM MeanUVHbI. Ha cerofgHsALLHM AeHb OCHOBHOW MPUYNHONM 06paTMoi
CnenoThl ¥ MHBaNMOHOCTY MO 3PEHVIIO SBNSETCS kaTapakTa. Liensbio nccnefoBaHns 66110 OLEHUT MPMBEPXKEHHOCTb K CBOEBPEMEHHOMY XMPYPIMHECKOMY NEHEHNIO
y N1L, ¢ KaTapakTol. B paboTe ncnonb3oBaHbl AaHHbIe Nonepe“Horo nonynsumMoHHoro nccneposanus «Ural Eye and Medical Study». 13 546 y4acTHrKoB 46,3%
MY>KHIH 1 53,7 % XeHLLH, xuTenei ropoaa — 59,6%, »kutenen cena — 40,4%, cpefHWii BO3pacT KOTOpbIX cocTasun 66,36 + 9,47 roga (ananasoH 40-88 ner).
CraTncTn4ecKuii aHanmM3 AaHHbIX MPOBOAVN C MCMONb30BaHNEM NakeTa NpvknaaHbix nporpavm IBM SPSS Statistic. Pesynsratel uccnenoBanmns nokasanm, 4to
OCHOBHOW (haKTop, BAVSIIOLLIA Ha MOTVIBALMIKO MaLIeHTa K IEHEHWIO KaTapaKTbl, — HeLoCTaTo4Hast MH(POPMUPOBAHHOCTL O 3a60eBaHNN 1 3aMHTEPECOBAHHOCTb
B XVPYPr1M4eCKOM neveHun. pn 3ToM YacToTa noceLleHnii ohTasibMosiora HaxoauTcs B 06paTHOM 3aBUCUMMOCTY OT Bo3pacTa naupeHToB (OLU 1,24; 95%
Ol 1,04-1,49), pAnTensHOCTY CHDKeHWs 3peHust (OLLL 1,08; 95% 1 0,81-1,43) 1 B NpsiMOii 3aBUCYMOCTI OT ASMTENBHOCTV BDEMEHW C MOMEHTA YCTaHOBNEHWS!
nvarHosa katapakTbl (OLL 1,20; 95% [ 1,04-1,38), Hanm4mns odTanbmonora B NOANKIMHUKE No MecTy »xxuTensctea (OLL 1,71; 95% AW 1,29-2,26), nosepuist
Bpady (OLL 3,62; 95% [ 3,02-4,35), pasbsACHEHNs odhTanbMOSIOrOM OCNIOMXHEHW 11 COBPEMEHHBIX METOAOB eveHnst katapakTsl (OLL 1,62; 95% AW 1,34-1,97).
[MOHVUMaHNE OCHOBHbIX MPUYMH, CHIKAIOLLMX MPUBEPXXEHHOCTb MALMEHTOB C KaTapakToi K Ne4YeHuo, No3BOAMT paspaboTaTb Hanbonee ahdexkTuBHbIE
MEpPONPUSTUS MO COBEPLLEHCTBOBaHWIO MEAMLIMHCKOM MOMOLLIM, CBA3AHHOW C yBENMYEHEM OXBaTa XMPYPruHECKUM NIeHEHEM NaLMEHTOB C AaHHON NaTonoruei.

KntoueBble cnosa: MPUBEPXKEHHOCTb K XMPYPrn4ecKoMy NieHeHnto, KaTtapakTa, I/IHq)OpMVIpOBaHHOCTb, Ka4eCTBO >KU3HU
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1 obpaboTka maTepuana, Hanvcanwe Tekcta; . 3. Vicpadmnosa, T. P. linsmaHLwvH, P. M. SarHynnuH, 9. M. SkynoBa — HanvcaHue TekcTa, pefakTvpoBaHme.
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nognucany Lo6poBosbHOE MHAPOPMUPOBAHHOE COrfache Ha y4acTune B UCCNeaoBanHnm.
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The term "adherence to treatment" emerged in the domestic
scientific literature about 20 years ago, but it has become widely
used recently, inthe last 5-6 years. According to the World Health
Organization (WHO), adherence to treatment is the degree to
which a patient's behavior matches the doctor's prescriptions
for taking medications, following dietary recommendations
and/or lifestyle changes. It is believed that the patients' non-
compliance with medical recommendations results from the
lack of effective doctor—patient communication. The patients'
personal and psychological characteristics, clinical features

of the disease, treatment type, socio-economic factors,
and the features of healthcare delivery in different countries
are the other reasons for low treatment adherence [1]. This
issue is patricularly relevant for eye diseases, since eye lesions
are not potentially fatal, especially when the lesions could be
removed. Many patients pay little attention to cataracts, since
they usually have no prominent subjective symptoms for a
long time. However, even the treatable eye lesions constitute a
major medical and social challenge. The patient's psychology
in terms of the cataract treatment and prevention is one of the
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leading causes of blindness and low vision in the world [2]. High
medical and social significance of cataracts is determined by a
number of factors: high levels of blindness (reversible) and vision
disability, significant direct (expenses for surgery, conservative
treatment, and management of postoperative complications)
and consequential (loss of labor potential of the society, traffic
accidents, injuries, and falls due to visual impairment) economic
losses, high prevalence of the disorder, clear upward trend in
the number of individuals with reduced lens transparency of
both retirement and working age [3-7].

[t should be noted that the treatment success depends not
only on the properly constructed healthcare system, but also
on the patient's compliance with the recommendations on the
prevention and treatment of the disease, given by healthcare
professionals [8, 9]. Poor adherence is a proven risk factor of
any disorder, which reduces the effectiveness and increases the
cost of treatment, increases the risk of various complications,
worsens the outcome, and reduces the patients' quality of life
[10, 11]. Experts from the WHO have identified a large number
of factors that affect the patient's adherence to treatment.
According to the WHO classification (2003), the factors are
divided into five interconnected groups: 1) patient-related
factors; 2) factors related to medical personnel and healthcare
system organization; 3) factors associated with ongoing
therapy; 4) factors associated with the patient's condition
(disease); 5) socio-economic factors [12]. In this regard,
the papers, which propose structured approach to describing
the causes of low treatment adherence, are of great interest.
The causes are divided into five major categories: socio-
demographic; psychological; resulting from the disorder or the
disease treatment; economic; related to the healthcare system [1].

Filling the gap in studying various factors, negatively
affecting the capability of overcoming the treatment adherence-
related barriers in patients with cataracts, would result in the
significantly decreased incidence of this socially significant
disorder. This is especially important in terms of improving
the cooperation between the doctor and the patient, which
contributes to faster recovery, improved quality of life and
healthy lifestyle creation, and makes it possible to develop the
measures to improve the quality of care provided to patients
with cataracts.

For that reason, identification and analysis of the existing
factors, including the psychological factors, which affect
treatment adherence in patients with cataract, seem to be
relevant.

The study was aimed to assess the attitude towards factors,
affecting adherence to timely surgical treatment, in individuals
with cataracts.

METHODS

Data of the cross-sectional, population-based Ural Eye and
Medical Study (UEMS), conducted in 2015-2017 in the Ufa
Eye Research Institute, were assessed. Currently, UEMS is
the largest ophthalmological population-based study in the
Russian Federation, which is aimed at studying the prevalence
of socially significant eye diseases and associated risk factors.

The stages of the study were in line with the generally
accepted standards. The study included the following:
protocol development and the research instrument selection,
data acquisition, scaling and database creation, statistical
processing, analysis, and interpretation of the results [13, 14].
Inclusion criteria: voluntary consent to participate in the project;
age over 40; permanent residence in the studied urban and
rural areas.
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To assess alterations in lens transparency, we used the
LOCS Il grading scale (Lens Opacities Classification System,
1993), according to which three types of lens opacification
were distinguished: nuclear, cortical, and subcapsular [15].
According to this classification, nuclear lens opacities were
divided into six grades. It should be noted that the most
important are the changes in the lens nucleus, corresponding
to grade 3 and above. For that reason, in the paper we link the
nuclear cataract to these changes.

To study the respondents' awareness of the lens disorder
and their adherence to timely treatment, we conducted
a questionnaire survey among people diagnosed with
cataracts. The study was carried out by the written survey
using the specially compiled questionnaire, which contained
25 questions concerning demographic information (gender,
age), socio-economic data (level of education), the frequency
and the possibility of ophthalmology visits, individual's
awareness of the disease, risk factors, and treatment methods,
as well as the questions to assess the reasons, preventing the
timely cataract surgery.

The study involved 546 individuals: 253 men (46.3%) and
293 women (53.7%), 325 urban residents (59.6%), 221 rural
residents (40,4%). The average age was 66.36 + 9.47 years
(40-88 years). The number of observations required was
justified using the method, developed by Otdelnova KA [16].

Statistical analysis was carried out using the IBM SPSS
Statistic software package, version 23.0 (SPSS: An IBM
Company; USA). The methods of descriptive and comparative
statistics for quantitative characteristics were selected based
on the distribution type assessment using the Shapiro-Wilk
test. The groups were compared based on the qualitative
characteristics using the Pearson's chi-squared (x?) test or
Fisher's exact test (in case there were less than five observations
in at least one cell of the contingency table). To characterize the
univariate regression models and assess the degree of influence
of each predictor on the disease development (outcome), the
following parameters were calculated: regression coefficient
(R), standard error of the coefficient (SE), Wald chi-square
statistics (W). Odds ratios (OR), 95% confidence intervals (Cl)
for OR, and predictor significance were calculated based on
these data. When performing statistical analysis, the achieved
significance level (p) was calculated; the differences were
considered significant at p < 0.05.

RESULTS

The analysis revealed that the majority of the respondents
(60.85%) noted they had a secondary specialized education.
A total of 21.70% respondents had higher education, 13.62%
had secondary general education, and only 3.83% had
incomplete school education. A survey of people over 40 years
of age on their health-related behaviour showed that 39.2%
of respondents got their ophtalmic checkups annually, 33.7%
visited a doctor twice a year or more frequently, and 27.1%
visited a specialist less than once a year. It should be noted that
women were much more likely to seek ophthalmological care
within a year (78.9 vs. 66.4%, x? = 8.34; p = 0.01). Furthermore,
almost all patients (68.9% of men and 71.9% of women,
X2 = 6.51; p = 0.04) noted that they needed constant medical
supervision. Among rural residents, characterized by the lack
of healthcare access, the proportion of those who contacted
a healthcare institution throughout the year was slightly less
than among urban residents (71.6 and 73.6%, respectively,
x> = 1.13; p = 0.2). Thus, rural residents remain active in
applying to healthcare institutions.
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Table 1. Reasons preventing the cataract patients from ophthalmology visits

Reasons of non-attendance for ophthalmologic examination Answers, n (%)

Was unaware of the need to see a doctor 29 (19.6)
Being busy (due to employment, household activities, agricultural activities, etc.) 27 (18.2)
No visual impairment 22 (15.2)
No ophtalmologist in the community clinic 20 (13.4)
Long queue to ophthalmologist 12 (8.2)

No accompanying person 9(6.3)
Transport problems 8 (5.8)
Other 21 (14.1)
Total responses 148

[t was found that the lack of knowledge about the need
to see a doctor (19.6%) because of reduced vision was the
main reason, preventing the respondents with cataracts from
visiting an ophthalmologist on the annual basis. According
to the respondents, the equally important reasons were as
follows: being busy (18.2%), and no specialist physician in the
community clinic (13.4%) (Table 1).

Patients with cataracts are characterized by low anxiety,
and often by the condition severity underestimation. They do
not consider their disorder to be the condition, significantly
limiting their daily living activities, and assume that surgical
treatment is fully capable to restore visual functions.

To investigate the respondents' knowledge about cataract,
the questions were included in the questionnaire, allowing
us to assess the respondent's awareness of the features of
his/her eye disorder. The survey revealed a good knowledge
on the disorder in the majority of respondents (60.2%); 17.8%
of individuals had some ideas about the cataract, 5.9% were
completely unaware, and 16.1% found it difficult to answer the
question.

At the same time it should be noted that a large proportion
of patients took an active stand on the matter. Thus, 60.4%
of patients would like to know as much as possible about
their disorder; 25.1% of individuals thought it was enough that
the doctor was aware of the disease. The majority of patients
(65.6%) would like to receive additional information about
the disease from an ophthalmologist, as from a competent
specialist. Furthermore, 19.3% of respondents would obtain

90
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Internet, TV
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such information from the online resources, 11.1% would get
information in healthcare institutions (stands, brochures), 2.6%
would read popular science magazines, and 1.4% would
discuss the matter with their friends.

The doctor's high professional level and positive personal
qualities are essential for the patients' compliance with
recommendations, and the lack of this component increases
the likelihood of self-treatment [10, 20]. The survey showed
that the majority of the respondents (63.6 %) fully trusted their
attending physicians and highly appreciated the physicians'
professional level. One third of the respondents (27.9%) noted
the doctor's high professional qualification and good personal
qualities. The minority of respondents (1.4%) seemed not
to fully trust their doctors and did not consider them to be
the highly qualified professionals. Only 7.1% of respondents
found it difficult to express their attitude. The following factors
were among the reasons for “dissatisfaction” with the doctor:
insufficient attention paid by the doctor (52.7%), the doctor's
inability to win over the patient (14.9%), and the doctor's low
level of competence (12.4%). However, the findings might
indicate the high level of confidence in the doctors' professional
gialification and personality.

When a patient comes to see an ophtalmologist, it is
extremely important for a doctor to explain the clinical features
of cataract, such as functional vision impairment, which reduces
the quality of life, and to provide information about the modern
personalized treatment methods in case of reversible vision
loss. Thus, 70.3% of individuals in the studied group indicated

Newspapers, magazines Other

W 70-79 years [l 80 years and above

Fig. 1. Age distribution of respondents taking into account the source of information about cataracts
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Table 2. Factors associated with the frequency of ophthalmology visits in patients with cataracts

Indicator (factor) B w P OR 95% ClI

Age (years) -1.54 22.54 <0.001 1.24 1.04-1.49
Duration of vision loss (years) -0.39 8.26 0.004 1.08 0.81-1.43
Time since the diagnosis of cataract (years) 0.59 6.39 0.01 1.2 1.04-1.38
Presence of ophtalmologist in the community clinic 0.55 13.54 <0.001 1.71 129-2.96
(1 — present, 2 — abscent)

Confidence in the doctor 0.33 19.248 <0.001 3.62 3.02-4.35
(1 —yes, 2—no)

Have the ophthalmologist explained about cataracts and treatment 0.48 23.63 <0.001 1.62 134-1.97
methods (1 — yes, 2 — no)

Note: 8 — regression coefficient; SE — standard error of the coefficient, W — Wald chi-square statistics, OR — odds ratio, 95% Cl — two-sided 95% Cl for OR.

that they learned about their eye disease when talking with the
doctor; 15.2% of individuals got information from their friends
and relatives, and 14.5% of respondents obtained information
from mass media, such as TV, Internet, and press. Younger
patients more often received information from the online
resources, friends or relatives, while the respondents of the
older age groups received information from ophthalmologists
(Fig. 1).

We have defined the frequency of ophthalmology visits
depending on the duration of visual impairment, the patients'
age, and the presence of ophtalmologist in the community
clinic (Table 2).

The analysis revealed the impact of the patients' age on
the frequency of ophthalmology visits. Thus, every one-year
increase in age reduces the probability of visiting a specialist
physician by 1.24 times. Longer time since the diagnosis
of cataract in the surveyed patients results in the 1.2 higher
frequency of visits to ophthalmologists. Among individuals,
who have ophthalmologists in their community clinics, the
probability of annual ophthalmology visits is 1.71 times higher
compared to individuals, having no ophthalmologists in their
community clinics.

Studying the trust towards doctors as a factor affecting
the patients' adherence to regular medical visits, and their
willingness to comply with the specialists' recommendations,
revealed the direct relationship. The calculated odds ratio
(OR — 3.6) indicates that the chances to undergo ophthalmic
examination are higher in individuals, who trust their doctors.
A significant relationship has been also found between the
frequency of ophthalmology visits and explaining the existing
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eye disorder. Thus, individuals, to whom the the specialists
explain the course and complications of cataract, as well as
the advanced treatment methods, have a 1.6 times higher
probability of the ophthalmology visits.

We have ranked the factors that, according to the
respondents, prevent the timely cataract surgery (Fig. 2). It
was found that 36.1% of respondents were unaware of the
need for cataract surgery. In every fourth respondent, his/her
professional or household activity was one of the key factors,
constraining the decision on the timely cataract surgery. A total
of 16.8% individuals reported they were afraid of the forthcoming
treatment; 10.3% of individuals postponed surgical treatment
due to the concomitant somatic disease.

These findings indicate the lack of the patients' awareness
of the disease and modern treatment methods. In this regard,
informing the population, especially people over the age of
40, about cataract as a serious disease, which contributes to
reversible blindness, is an urgent task.

DISCUSSION

The study has shown that insufficient awareness of the disease
and the lack of interest in surgical treatment are the major factors,
which reduce the patient's motivation for cataract treatment. At
the same time, ophtalmology visit frequency is inversely related
to the patients' age and the duration of vision loss, and is directly
related to the presence of ophtalmologist in the community
clinic, trust in the doctor, and ophtalmologist's explanation of
the cataract complications and advanced treatment methods.
It should be noted that the lack of knowledge about the need

0
10.3% 9.2%

2.3%

0
Being busy

Unaware of the need Fear, no faith in (employment,
for surgery

etc.)

Fig. 2. Distribution of reasons for refusal of the cataract surgery
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for cataract surgery has been the main obstacle to timely
cataract surgery according to 36.1% of respondents, being
busy due to employment or household activities was identified
by 25.3%, being afraid of the forthcoming treatment was
reported by 16.8%, and concomitant somatic disorders were
mentioned by 10.3%. These findings are in line with the results
of studying the patients' treatment adherence in certain areas
of medicine. Thus, a survey of patients with cardiovascular
diseases revealed that the key factors contributing to low
treatment motivation were as follows: misunderstanding of the
doctor's instructions (33.7%), fear of side effects or building up
a tolerance (40.2%), comorbidity (35.9%) [17], no symptoms
of the disease [18], patient's refusal to depend on drugs or
medical personnel, denial of the disease [19].

When studying dental patients, the key factors, negatively
affecting the treatment motivation, were as follows: patients'
age (the vast majority of individuals were 35-49 years old);
gender (women seeked medical attention more often than
men) [20]; quality of dental care [21]; underestimation of the
condition severity by the patient; treatment costs [22]; painful
procedure-related fear. In most cases the need for visiting a
dentist is associated with acute pain (58.9%), 31.1% of patients
schedule their dental visits, and only 22.8% of respondents
would have routine check ups [23].

Thus, the study has shown that the factors associated
with the patient's personality (lack of awareness, being busy,
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