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REVIEW | VIROLOGY

POSSIBLE EFFECTS OF CORONAVURUS INFECTION (COVID-19) ON THE CARDIOVASCULAR SYSTEM
Larina VN &, Golovko MG, Larin VG
Pirogov Russian National Research Medical University, Moscow, Russia

Acute viral respiratory infections can increase the risk of progression of a pre-existing condition, including a cardiovascular pathology. Life-threatening complications
of Coronavirus disease 2019 (COVID-19) caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) necessitate research into the cardiovascular
effects of COVID-19 crucial for developing adequate treatment strategy for infected patients, especially those of advanced age. This article reviews the literature
on the clinical and functional characteristics of patients with COVID-19, including those with poor outcomes. The article looks at the pathophysiological processes
occurring in the cardiovascular system in the setting of SARS-CoV-2 infection, risk factors and death predictors. It also discusses continuation of therapy with
angiotensin-converting enzyme inhibitors and angiotensin Il receptor blockers in patients with COVID-19.

Keywords: coronavirus, cardiovascular diseases, infection, severe acute respiratory syndrome, coronavirus infection 2019, angiotensin-converting enzyme,
SARS-CoV-2, COVID-19
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BJIMAHUE KOPOHABUPYCHON MH®EKLINK (COVID-19) HA
CEPOEYHO-COCYAUCTYIO CUCTEMY

B. H. NMapwHa =, M. I". Tonoeko, B. I'. JlapuH
Poccuiickunii HaumoHanbHbI CCegoBaTeNbCKNA MEANLUMHCKUIN YHUBepcuTeT nvenn H. V. Muporosa, Mockea, Poccusa

OcTpble BUPYCHble MHAEKLMM ObIXaTeNlbHbIX MyTel MOryT YBEnMYUTb BEPOSITHOCTb MPOrPecCHPOBaHUS UMEIOLLENCSt CONYTCTBYIOLLE NaTtonorum, B Tom
yncne cepAeHHO-COCYANCTOrO MPOUCXOXAEHNS. [oSBNEHNE XXN3HEYrPOXKAIOLLIMX OCIIOKHEHMI Ha dhoHe KopoHaBMpyca 2 (severe acute respiratory syndrome
coronavirus 2, nin SARS-CoV-2), Bbi3bIBatOLLIEro KOPoHaBMpycHyto 6oneaHb 2019 (Coronavirus disease 2019, nnn COVID-19), obycnosnvBaeT HEOOXOAMMOCTb
13y4eHns kapamoBackynsipHbix acdhdexTos COVID-19 ¢ Lenbio okadaHns paumoHanbHON MEAMLIMHCKON MOMOLLW NaumeHTam, 0cobeHHO cTapluero Bo3pacTa. B
cTaTbe NpefcTaBneH 0630p NMTepaTypHbIX AaHHbIX, MOCBALLEHHbIX aHaM3y KIIMHUKO-(hYHKLMOHAIbHBIX 0coBeHHOCTen naumeHToB ¢ COVID-19, B TOM uuncne
VIMEBLLIMX HEBNaronpusTHbI MPOrHO3. YAeneHo BHUMaHWe natoranoNorm4eckiM 0COBEHHOCTAM, MPOUCXOAALLMM Ha (hOHE WHMEKLMOHHOrO npolecca B
cepe4HO-COoCyANCTON cUcTeMe, (hakTopaMm purcka 1 npegukTopam netansHocTn npn COVID-19. ObcyrkaaeTcs BOMPOC O BO3MOXXHOCTY MPOLOSKEHNS nprema
VHMMBUTOPOB aHMMOTEH3MH-MPEeBPaLLAtoLLEro (DepMeHTa 1 aHTarOHNCTOB PELIENTOPOB aHMMOTeH3MHa || 6OMBLUMHCTBOM NaLWEHTOB C CEPAEHHO-COCYANCTLIMMI
3abonesaHnamm 1 COVID-19.

KntoyeBble croBa: KOpoHaBMPYC, CepaeHHO-COCYANCTbIe 3aboneBaHns, NHPEKLWS, TsSHKENbIA OCTPbI PECTIMPATOPHbIV CUHOPOM, KOPOHaBMpPYCHas 6onesHb
2019, aHrvoTeHsnH-NpespaLLaoLLmin hepmeHT, SARS-CoV-2, COVID-19

BnarogapHocTu: YneH-koppecrnoHaeHTy PAH, npodeccopy, f. M. H., npodeccopy kadenpb! NaTouanonorin N KIMHUYecKon natohuavonorim ne4ebHoro
hakynsteta ®FAOY BO PHAMY mmenn H. V1. Muporosa MuHaapasa Poccun leHHaamio Bacunbesudy MNopsiavHy 3a LiEHHbIE KpUTUHECKIE 3aMedaHuist.

Bknap aBTopoB: B. H. JlapuHa — paspaboTka KOHLEMNLWK, NnaHnpoBaH1e YCCNeaoBaHyisi, aHanma nutepartypbl, MHTEprpeTaLys AaHHbIX, HanMcaHne TekcTa;
M. T Tonosko 1 B. I, JlapuH — nnaH1poBaHme NCCneaoBaHuns, aHanva nuTeparypbl, UHTEpnpeTaLys AaHHbIX, NOArOTOBKA YEPHOBYIKA PYKOMMCH.

><] Ansa koppecnoHpeHuuu: Bepa HukonaesHa JlapvHa
yn. OctpoBuTaHOBa, A. 1, . Mockea, 117997, larinav@mail.ru

Cratbsi nonyyeHa: 03.04.2020 CtaTtbsa npuHATa K nedatu: 17.04.2020 Ony6nvkoBaHa oHnaiiH: 18.04.2020

DOI: 10.24075/vrgmu.2020.020

Coronaviruses (CoVs) are a family of positive-sense single-
stranded RNA viruses organized into two subfamilies and,
as of January 2020, numbering 40 different species. CoVs
infect animals and humans and are capable of rapid mutation
and genetic recombination. CoVs owe their name to their
appearance: their spike-like projections resemble the sun’s
corona. The spikes allow the virus to penetrate the cell
membrane by mimicking the molecules recognized by the
transmembrane receptors. Once the receptor has bound to
the “impostor” molecule, the virus pushes it into the cell and
the viral RNA gets inside.

Acute respiratory infections, such as influenza, respiratory
syncytial virus infection and bacterial pneumonia, are widely
acknowledged as triggers for cardiovascular diseases (CVD);
in turn, pre-existing CVD are associated with other comorbid
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conditions and can increase the risk of inflammation or
aggravate its progression.

The outbreak of the novel coronavirus disease 2019
(COVID-19) caused by the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) has rapidly escalated into a
pandemic; the majority of the infected patients are reported to
have CVD [1].

The prospective cohort observational ARIC (atherosclerosis
risk in communities) study has demonstrated that there is a
higher risk of coronary heart disease (CHD) and ischemic
stroke within up to 90 days after a past infection. The study
looked at 1,312 CHD and 712 ischemic stroke cases with a
past history of infections within one or two years preceding the
cardiovascular event. The mean age of the participants was
75 years; 57.4% of the patients with CHD were male, whereas
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54.1% of the patients with stroke were female. Of 1,312
individuals with CHD, 119 (9.1%) had a history of an inpatient
infection, whereas 366 (27.9%) had a history of an outpatient
infection. The most common were urinary tract infections (29%),
pneumonia or respiratory infections (27%), skin /subcutaneous
infections (11%), and blood infections (8%). Inpatient infections
remained a stronger trigger of cardiovascular events throughout
the entire follow-up period (day 14 OR = 12.83, day 30 OR = 8.39,
day 42 OR = 6.24, day 90 OR = 4.48) than outpatient infections
(o < 0.05). Therefore, hospitalized patients with an inpatient
infection should be closely monitored in order to take timely
measures to prevent CHD or stroke [2].

In light of this, pathophysiological processes triggered by
coronavirus infections in the cardiovascular system certainly
pose a great interest. Since our knowledge of the mechanisms
underlying COVID-19 effects is scarce yet, the analysis of data
collected during the outbreaks of viral pneumonia and MERS
(Middle East respiratory syndrome coronavirus, MERS-CoV), as
well as seasonal influenza, will provide a better understanding
of how coronaviruses exert their effects on the cardiovascular
system. This has important implications for the development
of comprehensive strategies for the timely management of
infected advanced-age patients with CVD.

Effects of coronavirus on human organism

Coronaviruses get their name from the crown-like spikes on
their surface. These viruses are members of the Coronaviridae
subfamily clustered into 4 phylogenetic groups: «, B, vy, and
8§ CoVs. Only a and B CoVs can cause infection in humans.
Coronaviruses have 4 main structural proteins: the spike protein
(S), which ensures attachment to the host cell receptor and
subsequent fusion with the cell membrane, the nucleocapsid
protein (N), the membrane protein (M), and the envelope protein (E).

Human coronaviruses (HCoVs) were discovered in 1965
when the first HCoV was isolated from the culture of human
embryo tracheal tissue. By 2003, two types of HCoVs had
been identified: HCoV-229E and HCoV-OC43.

Today, 7 different CoV strains are known to infect humans,
including HCoV-229E, HCoV-NL63, HCoV-OC43, and HCoV-
HKU that normally cause self-resolving symptoms. The virus
can also cause severe acute respiratory syndrome (SARS),
Middle East respiratory syndrome (MERS) and fatal acute
respiratory syndrome resulting from SARS-CoV-2 infection.

Endemicity of coronavirus

Four types of HCoVs, including HCoV-229E (a-CoV), HCoV-
NLB3 (a-CoV), HCoV-OC43 (B-CoV), and HCoV-HKU1
(B-CoV), are endemic to humans and normally cause a mild
respiratory infection with self-resolving symptoms, accounting
for 15 to 30% of acute respiratory infections (ARI). As a rule,
mild symptoms develop in young patients; in older patients,
especially those with cardiovascular or bronchopulmonary
pathology, the infection can provoke hospitalization and require
emergency care [3].

Severe acute respiratory syndrome caused by coronavirus

The first SARS-CoV outbreak occurred in Guangdong
province, South China, in 2002 [4]. Shortly after SARS-CoV
was isolated and identified, similar SARS-like CoVs were
detected in Himalayan palm civets and raccoon dogs; their
nucleotide sequence was 99.8% homologous to that of SARS-
CoV isolated from humans [5].

SARS-CoV is a representative of the B-CoV group; it binds
to a zinc peptidase angiotensin-converting enzyme 2 (ACE2),
which is a surface molecule exploited by the virus to enter the
host cell. ACE is present in various organs and tissues; it is
an integral plasma membrane protein found in endothelial,
specialized epithelial, neuroepithelial, nerve terminal, and
reproductive system cells. The role of ACE is not limited to
the regulation of cardiovascular system functions. It also
participates in hematopoiesis and the metabolism of some
bioactive peptides [6].

ACE2 is found in arterial and venous endothelial cells,
smooth muscle cells of the arterial wall, the epithelium of the
respiratory tract and the small intestine, and immune system
cells. It is hypothesized that the inhibition of ACE2 expression
in patients infected with SARS-CoV is implicated in the
pathological changes to pulmonary tissue, causing severe
pneumonia and acute respiratory failure.

Research studies on wild animals proved that SARS-
CoV could have originated in bats: Chinese horseshoe bats
were found to harbor a SARS-like CoV with high nucleotide
homology (87-92%) to SARS-CoV isolated from humans. Paim
civets and raccoon dogs are putative intermediate hosts for
SARS-CoV amplification preceding its transmission to other
animals through contact at a market. SARS-CoV is transmitted
from human to human by respiratory droplets during close
contact (airborne spread).

There is a proposition about the possibility of the fecal-oral
transmission route for SARS-CoV-2 predicated on the fact that
patients stricken by SARS or MERS during the past outbreaks
often had gastrointestinal symptoms, such as diarrhea and
abdominal pain, and SARS-CoV RNA was detected in the
feces of 14.6% patients with SARS or MERS [7]. Some
patients presented with fever and diarrhea before developing
pronounced respiratory symptoms [8]. In vitro studies have
demonstrated that MERS-CoV can infect and replicate in the
intestinal epithelium of humans using dipeptidyl peptidase 4
as a receptor. In vivo studies have revealed that inflammation
and epithelial degeneration in the small intestine can precede
pneumonia in MERS, confirming that pulmonary MERS-CoV-
induced infection can be secondary to the enteric infection [9].

According to some authors, the incubation period for
SARS-CoV-2 varies between 2 and 11 days, being 5.2 days
on average (95% Cl 4.1-7.0) [10]; other researchers report that
the incubation period lasts up to 14 days [11].

SARS-CoV can be excreted into the environment and
transmitted by hand contact between patients and healthcare
workers; this means that surfaces must be sanitized and the
nose, mouth and eyes must be protected against the virus [12].

The ability of an infected individual to spread the virus
to other people is inferred from the RO (basic reproduction
number) value. For SARS-CoV, RO is about 3, i.e. a person
infected with SARS-CoV will potentially infect 3 other people in
a susceptible population. The average RO value for seasonal flu
(swine flu, HIN1) is about 1.3 [13] (Table 1).

So far, no effective vaccine or medication against SARS-
CoV has been developed. The clinical management of patients
with  SARS includes supportive symptomatic treatment
and prescription of broad-spectrum antimicrobials against
secondary bacterial infection. Advanced age (upwards of
60 years), multimorbidity (diabetes mellitus, CVD, cancer,
chronic obstructive pulmonary disease), and elevated lactate
dehydrogenase are predictors of death in patients with SARS-
CoV infection. Some authors point to insignificant morbidity
and mortality rates in children and adolescents in the past
SARS outbreaks [14].
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At the same time, preliminary data on 4,226 confirmed
COVID-19 cases in the USA suggest high mortality in patients
aged > 85 years (10-27%). In patients aged 65-84 years, the
case mortality rate ranged from 3 to 11%; in patients aged
55-64 years, it was 1-3%, whereas in patients aged 20-54
years, less than 1%. No deaths were reported in patients aged <
19 years. There were young patients among the hospitalized
individuals. Deaths registered in the group of patients aged
20-64 years amounted to 20% of overall case mortality; in this
age group, hospitalized patients aged 20-44 years made 20% [15].

Currently, there is a paucity of published studies investigating
risk factors and death predictors in patients with COVID-19.
Starting on December 25,2019 through January 26,2020, a
study was conducted in 201 patients with COVID-19 aged 43
to 60 years (the median age was 51), of whom 63.7% were
men, revealing that 32.8% of the participants had a pre-existing
condition. The median hospital stay was 13 (10-16) days; 33% of
the patients required mechanical ventilation; the median interval
between admission to hospital and progression to SARS was 2
(1-4) days. Blood tests revealed that the majority of the patients
had elevated lactate dehydrogenase (98%), elevated C-reactive
protein (85.6%), elevated interleukin 6 (48.8%), and elevated
D-dimer (23.3%). Age upwards of 65 years, neutrophilia, organ
dysfunction, and coagulation dysfunction were associated with
progression to acute respiratory distress syndrome (ARDS) and
death. In the patients who developed ARDS, administration of
methylprednisolone was associated with lower mortality (46%),
as compared to methylprednisolone-free treatment (61.8%)
(OR 0.38) [16].

Clinical presentations of COVID-19

The most prevalent COVID-19 symptoms include fever, cough,
labored breathing (shortness of breath or rapid breathing).
Myalgia, anorexia, nausea, malaise, sore throat, nasal
congestion, and headache are less common. The symptoms
can set in as early as 2 days after contact with an infected
person or by day 14 following such contact. The viral load does
not differ between symptomatic and asymptomatic patients,
suggesting a possibility of transmission from an asymptomatic
individual or a patient with mild symptoms to another person.
The highest number of viral copies is detected in nasal swabs,
as compared to throat swabs. The diagnosis of COVID-19 is
confirmed by PCR. Mucosal specimens for PCR are collected
either from the upper or the lower respiratory tracts. A case of
COVID-19 is assumed to be confirmed if the laboratory test for
the presence of SARS-CoV-2 RNA returns a positive result even
in the absence of clinical symptoms. Point-of-care serological
tests are expected to be available in the nearest future.

Potential mechanisms underlying the effects of coronavirus
infection on the cardiovascular system

The danger of ARl lies surging mortality from chronic
diseases during an epidemic, especially among patients with
cardiovascular pathology. According to a systematic review
which included 42 publications and 39 clinical studies and
was published in 2009 patients were at heightened risk of

Table 1. Characteristics of coronaviruses
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myocardial infarction (OR 4.95; 95% Cl 4.4-5.5) and stroke
(OR 3.2; 95% CI 2.8-3.6) in the first few days following the
onset of ARI; over time, this risk was gradually decreasing [17].

The hypothesis that influenza can provoke acute
cardiovascular events and death was proposed in the 1930s. It
was then that a link was noticed between the seasonal activity
of flu viruses and higher mortality from all causes, including
bronchopulmonary pathology, pulmonary TB, diabetes mellitus,
organic heart disease, and hemorrhagic stroke [18].

In 2004, another study reported a vast array of life-
threatening clinical manifestations of coronavirus infection,
including death from myocardial infarction (2 of 5 deaths); this
unveiled the need for prompt treatment of CVD patients during
a potential epidemic of a respiratory infection [19].

The lessons learnt from past epidemics caused by
coronaviruses inspired a hypothesis that viral infections
can provoke acute coronary syndrome, arrhythmias, heart
failure, and thromboembolic complications resulting from the
pronounced systemic inflammatory response combined with
localized vascular inflammation.

In this respect, COVID-19 should not be an exception. It
seems to affect the clinical course of pre-existing CVD and
trigger development of life-threatening complications [20].

The severity of clinical manifestations, long- and short-
term cardiovascular effects of COVID-19, and the effects
of specific treatment are yet to be researched. It should be
noted that during flu epidemics the majority of patients die
of cardiovascular complications and not of virus-induced
pneumonia itself. Considering the extreme inflammatory load
caused by COVID-19 and the available clinical data on other
coronavirus-related infections, one can expect to see serious
cardiovascular complications in patients with COVID-19; their
prevalence and severity will probably be lower in outpatients
than in hospitalized individuals.

In a recently published study [21], 73% of 41 inpatients
with laboratory-confirmed COVID-19 were men and 32%
had pre-existing conditions, such as diabetes mellitus (20%),
arterial hypertension (AH) (15%), and other CVD (15%). The
median age of the patients was 49 (41-58) years. Among
the most common symptoms of COVID-19 were fever (98%),
cough (76%), sputum production (28%), myalgia or fatigue
(44%), headache (8%), hemoptysis (5%), and diarrhea (3%).
Lymphopenia was observed in 63% of the patients, shortness
of breath, in 55%. The median time from the onset of symptoms
to developing shortness of breath was 8 (5-13) days. Some
of the complications included ARDS (29%) and acute cardiac
injury (12%).

Another study conducted in 1,099 in- and outpatients
with laboratory-confirmed COVID-19 (median age of 47 years;
42% women) found that the most common pre-existing
conditions were AH (14.9%), diabetes mellitus (7.4%) and CAD
(2.5%). ARDS (3.4%) and shock (1.1%) were the most severe
complications [22].

In most patients with myocarditis, viral infection and the
immune response to it are the root causes of inflammation. The
leading mechanisms underlying myocardial injury in the acute
phase of myocarditis are invasion of cardiomyocytes by viral
particles that have tropism for myocardial tissue, the direct

Coronavirus species Receptor Incubation period (days) RO Co-existing CVD, % Mean case fatality rate, %
SARS-CoV ACE2 2-11 3 10 10
SARS-CoV-2 ACE2 2-14 2-3 ot 3.4* po 40* 0.7-8"**

Kk

Note: “ — overall rates; ** — in hospitalized patients;
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— depending on time, geographical area and medical help available.
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Fig. 1. Effects of viral infection on the cardiovascular system and the myocardium

cytopathic effect of the virus and the activation of nonspecific
mechanisms of antiviral defense implemented by macrophages
and NK cells. Activated macrophages and other immune cells
start to produce chemokines and thus recruit T and B cells to
the inflammation site. The recruited cells drive cell-mediated
cytolysis and launch production of antiviral antibodies, thus
triggering the mechanism of cardiomyocyte apoptosis, which
eventually results in systolic heart failure.

The findings of sporadic autopsies and reports of severe
myocarditis with left ventricular systolic dysfunction after a
past COVID-19 infection suggest that the myocardium gets
infiltrated by interstitial mononuclear inflammatory cells [23]. A
study of cardiac biomarkers points to the high prevalence of
myocardial injury in hospitalized patients; this condition is an
important prognostic factor for COVID-19 [24].

Myocarditis is a polyetiological disease. It can be caused
by viral or bacterial agents, as well as by non-infectious factors.
Over 50% of myocarditis cases are associated with a viral
infection. Parvovirus B19, Coxsackie A and B enteroviruses,
ECHO-viruses, rubella virus, adenoviruses, human herpesvirus
6, Epstein-Barr virus, influenza virus, cytomegalovirus, etc.
have high tropism for cardiomyocytes [25].

Clinical presentations of myocarditis are diverse and
nonspecific. The diagnosis relies on a triad of medical history
findings: the acute onset of the disease, the established
link between the onset or exacerbation of symptoms/
arrhythmias and the infection, and the time elapsed from
the infection (= 1 year). Additional criteria include systemic
immune manifestations, the combination of arrhythmia and
conductivity disorders, and the positive effect of prescribed
steroids [26].

In a recently published paper, researchers describe the
results of observation of 416 inpatients with COVID-19; 57
(13.7%) of the patients eventually died [27]. Of them, 10.6%
had CAD; 5.3%, cerebrovascular disease; 4.1%, heart failure;
one in 5 patients had elevated high-sensitivity troponin levels.
Patients with elevated troponin were of advanced age, had

more comorbidities, lymphopenia, higher white cell count and
higher levels of atrial natriuretic peptide, C-reactive protein and
procalcitonin than those with normal troponin levels. Patients
with acute inflammatory heart disease developed ARDS more
often than those without acute cardiac condition (58.5% vs
14.7 %, respectively; p < 0.001); the proportion of deaths
in this group was also higher (51.2% vs 4.5%, respectively;
p < 0.001). Multivariate analysis confirmed that acute heart
failure (OR 4.26) and ARDS (OR 7.89) were predictors of poor
outcome in patients with COVID-19.

Similar results are reported by other authors [24], who
found that 27.8% of 187 included patients with confirmed
COVID-19 had developed acute cardiovascular complications
resulting in cardiac dysfunction and arrhythmias; a combination
of cardiovascular complications with elevated high-sensitivity
troponin was associated with high mortality.

Although  pathophysiological mechanisms underlying
myocardial injury in patients with COVID-19 are heavily
understudied, there is evidence that the SARS-CoV genome
is found in the myocardium of 35% of patients with SARS.
These findings increase the probability of direct damage to
cardiomyocytes by the virus. SARS-CoV-2 might utilize the same
mechanism of action as SARS-CoV as these two species are
genetically close, although not identical. The close correlation
between elevated high-sensitivity troponin and C-reactive
protein levels implies the inflammatory origin of myocardial
injury in the progressive disease phase. As viral particles
spread along the respiratory tract and invade host cells, they
may trigger a cytokine storm ensuing from the imbalance in Th1
and Th2 production and a cascade of immune reactions that
lead to myocardial injury. In the setting of infection, secretion
of cytokines can cause a reduction in coronary blood flow and
oxygen supply, atherosclerotic plaques destabilization and
formation of microclots (Fig. 1).

Myocarditis is often manifested as arrhythmias, progressive
heart failure and sudden cardiac arrest that can occur at any
stage of the disease.
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Among the first symptoms of myocarditis are malaise,
fatigue, myalgia, and sometimes low-grade temperature
caused by the inflammatory response to the virus but not by
myocardial injury itself. Other manifestations of myocarditis
include sudden cardiac arrest due to ventricular tachycardia
or ventricular fibrillation following damage to the conducting
system of the heart, thromboembolism, syncope, cardiogenic
shock, and acute heart failure. The first clinical symptoms can
set in at the onset of ARI or a few days after its onset.

There are a number of obstacles complicating the diagnosis
of viral myocarditis. The primary diagnostic criterion for
myocarditis is the established link between cardiac symptoms
and a past infection and the signs of inflammation. The
diagnosis can be facilitated by a full medical examination of
the patient, which includes clinical, laboratory and instrumental
tests, and by endomyocardial biopsy performed to rule out the
inflaonmatory nature of myocardial injury [28].

Unfortunately, currently there is no substantiated evidence
about the efficacy of existing antivirals and vaccines against
COVID-19. Patients with pre-existing CVD are at high risk of
complications, a more severe course of the disease and poor
outcomes; therefore, CVD patients with COVID-19 should
be stratified depending on their primary condition (CVD)
and its severity in order to decide on the treatment strategy.
Electrocardiography and cardiac biomarker tests (NT-proBNP)
can be employed to control the condition of the patient and the
course of treatment.

There is a lot of controversy over whether patients infected
with a coronavirus should continue angiotensin-converting
enzyme inhibitors (ACE inhibitors) and angiotensin Il receptor
blockers (ARBSs). The fears are predicated on the fact that the
protease domain of ACE2 is a potential target for SARS-CoV
and SARS-CoV-2 and that increased expression of ACE2 can
aggravate damage to the lungs in patients with COVID-19 (Fig. 2)
(adapted from [29]).

ACE2 exists in 2 forms: as a structural transmembrane
protein with an extracellular domain, which serves as a target
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for the S protein of SARS-CoV-2, and as a soluble circulating
form. Invasion of host cells (alveolar type Il cells in the first
place) by SARS-CoV-2 occurs through the binding of the virus
to the protease domain of ACE2. Upon endocytosis of the
viral complex, ACE2 expression changes, causing increased
accumulation of a potent vasoconstrictor angiotensin Il. The
local activation of the renin-angiotensin-aldosterone system
(RAAS) can mediate damage to the lungs in response to viral
infection [30].

Angiotensin (1-7) is a substrate for the N-domain of ACE;
it suppresses the activity of ACE C-domain and limits pressor
and vasoconstrictive effects of angiotensin |I.

The role of this process in the development of COVID-19-
related complications and the effects of the possible modulation
of the ACE2 receptor are not fully clear and expected to be
investigated in the clinical trials of human recombinant ACE2
(NCT04287686) and other therapeutic agents.

In the group of patients with COVID-19 and high troponin
levels, the duration of therapy with ACEIs/ARBs prescribed for
pre-existing CVD did not have any effect on mortality [22]. In
another study, a positive effect of ACEIs/ARBs was observed in
patients with viral pneumonias because the drugs significantly
reduced inflammation and secretion of proinflammatory
cytokines triggered in response to infection [31]. The
beneficial effect of ACElIs/ARBs might be associated with the
compensatory increase in ACE2 production. So far, there are
no data on the use of ACEIs/ARBs in patients with COVID-19,
which raises the need for further large-scale clinical studies.

At present, the experts from the European Society of
Cardiology [32], the American Heart Association [33] and the
Russian Society of Cardiology [34] recommend that patients
with COVID-19 who had indications for ACEIs/ARBs and were
taking these drugs before the infection should continue them
because there is no evidence of their inefficacy in such patients.

Also, there are no experimental or clinical data demonstrating
positive or negative effects of ACEIs/ARBs or other RAAS
antagonists in patients with COVID-19, as well as in patients
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Table 2. A non-exhaustive list of clinical trials of drugs for the prevention and treatment of COVID-19

Drug Start date Estimated completion date Clin-illzl'l'lrglasfgov
Remdesivir February 21, 2020 April 1, 2023 NCT04280705
Human recombinant ACE2 February 2020 April 2020 NCT04287686
Remdesivir March 2020 May 2020 NCT04292899
'C“Jtegttc';rl‘:?r;ili“\f;‘;')‘l’:;"f the LV-SMENP-DS and antigen-specific February 24, 2020 December 31, 2024 NCT04276896
Fingolimod February 22, 2020 July 1, 2020 NCT04280588
Human mesenchymal stem cells February 24, 2020 February 1, 2021 NCT04293692
Carrimycin February 23, 2020 February 28, 2021 NCT04286503
Methylprednisolone February 14, 2020 May 30, 2020 NCT04273321
Washed microbiota transplantation February 2, 2020 April 16, 2020 NCT04251767
Losartan March 16, 2020 April 1, 2021 NCT04312009
2019-nCoV vaccine (MRNA-1273) March 3, 2020 June 1, 2021 NCT04283461
Lopinavir / ritonavir tablets combined with xiyanping injection March 14, 2020 April 14, 2021 NCT04295551

with COVID-19 and a history of CVD. If a patient with CVD is
infected with COVID-19, the treatment strategy should account
for their overall symptoms and hemodynamics.

RAAS activation plays a crucial role in the pathogenesis of
many CVD. Long-term effects of increased renin and angiotensin
Il production and the activity of the sympathetic nervous system
include left ventricular hypertrophy, dyslipidemia, arrythmias,
hypercoagulation, endothelial dysfunction, insulin resistance,
and metabolic syndrome. ACEls and ARBs that have been
studied and successfully used in the clinical setting for many
years are first-choice drugs for treating chronic heart failure,
AH, renal disorders, and diabetes mellitus [35, 36].

The ACE2-dependent entry of SARS-CoV-2 into the host
cell can be blocked by camostat mesylate, the inhibitor of
serine protease TMPRSS2 used by SARS-CoV-2 for S protein
priming. Camostat mesylate is a promising candidate for further
trials [37].

Among the antivirals for treating flu, oseltamivir does not have
any effect on SARS-CoV-2 although preliminary studies have
demonstrated some positive effects of favipiravir. Table 2 features
a few drugs which are now in clinical trials or being considered as
candidates for clinical trials in patients with COVID-19.
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O HENPEACKA3YEMOCTW PE3YJIbTATOB MMMYHOTEPAIMAN

N UMMYHOIMPOOUITAKTUKIW COVID-19
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Poccuiickuin HaumoHanbHbI MCCReoBaTensCKn MEAULIMHCKIA YHUBepcuTeT nmenn H. V1. Muporosa, Mockea, Poccus

B paboTe npoBefeH aHanns BO3MOXHOCTU UCMONb30BaHUS MMyHOTEPann 1 UMMYHOMPOMUNakTki B 6opbde ¢ COVID-19. PesynbraTsl, K KOTOPbIM MOXET
NPVBECTU NPOMUNaKTUHECKOE UM TepaneBTUHECKOe MPUMEHEHME MpenapaToB, coaepkallyx aHTutena npotms Bupyca SARS-CoV-2, Ha Haw B3rnsg,
HEO[HO3HAa4HbI, a B3aMMOZENCTBME aHTUTEN C KOPOHABUPYCHBIMU aHTUreHamm (S-NpoTerHaMK) MOXKET MOBIeYb 3a COOOM HE TONMbKO HEMTpanm3aumio B1pyca,
HO 1 yCWieHre ero CrnocobHOCTY MPOHUKATL B KNETKY X03svHa. B paboTe caenaH akueHT Ha HEeOOXOAVMOCTM Hay4HOro AokasaTtenbcTea ahdeKTUBHOCTY 1
6e30MacHOCTH NNaHMpPyeMbIX K MPUMEHEHNIO METOAOB Tepanun 1 npodunakTku COVID-19.
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Finding effective treatment and developing protective measures
against the novel coronavirus infection COVID-19 is a critical
challenge facing medical science. Today, many candidate
approaches to managing this infection are under scrutiny.
Obviously, the effective treatment is expected to directly block
the virus and prevent it from replicating or entering the cell.
Drugs designed to inhibit HIV (ritonavir, lopinavir) and Ebola
virus (remdesivir) are now being evaluated for their potential
to inhibit coronavirus replication [1, 2]. However, so far there
is no solid evidence of their efficacy against COVID-12; this is
true for both approved drugs and those still in clinical trials [3].
The possible anticoronaviral effect of quinolines and the unclear
underlying mechanism of action need further investigation.

Immunotherapy and preventive immunization might hold
promise for countering COVID-19. Indeed, vaccines and
passive immunization have been successful in fighting various
infections, including viral infections. However, because of the
features demonstrated by the causative agent of COVID-1
SARS-CoV-2, extreme caution should be exercised when
using active or passive immunization approaches.

This article is an attempt to point to the unpredictability of
outcomes of using anti-SARS-CoV-2 antibodies for treating
and preventing COVID-19.

Interaction with viral S-proteins

Spike-glycoproteins (S-proteins) responsible for latching onto
receptors of the host cell have long been identified as the primary
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surface target for neutralizing antibodies. Using cell and animal
models of severe acute respiratory syndrome (SARS-CoV) and
Middle-East respiratory syndrome (MERS-CoV), researchers
have demonstrated that antibodies can bind to and neutralize
S-proteins [4, 5]. It is reported that anti-S-IgG for neutralizing
MERS-CoV promote survival of viral clones that carry mutations
in the S-protein encoding genes; as a result, the antibodies can
no longer recognize the S-protein and neutralize the virus [6].

Antibody-dependent enhancement of virus entry

Unfortunately, the emergence of clones unrecognizable to
antibodies is not the only drawback of passive immunization/
immunotherapy. Therapies with anticoronaviral antibodies can
be devastating due to the phenomenon of antibody-dependent
enhancement of virus entry. Briefly, some IgG variants can
accelerate penetration of the virus into the cell because their
Fab fragments can bind to the S protein of SARS-CoV, whereas
other IgG domains, like Fc or unidentified sites, bind to a number
of host cell receptors, including angiotensin-converting enzyme 2,
dipeptidyl peptidase-4 and the FcY-receptor (see Figure). This
phenomenon has been demonstrated in the models of some
coronavirus-related infections, including SARS and MERS
[7, 8]. Considering the similarity of pathogenesis between
SARS, MERS and COVID-19, there is a high probability that
SARS-CoV-2 will also provoke IgG-dependent enhancement
of virus entry. Some authors believe that IgG-enhancement of
virus entry is not limited to epithelial cells and can also occur
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Fig. A schematic representation of antibody-dependent enhancement of virus entry

in immune cells via immunoglobulin FcYIl receptors (CD32) [9].
lgG-dependent damage to immune cells might underlie the
pathogenesis of uncontrolled immune system activation and
cytokine storm in patients with SARS.

It is believed that antibodies do not always enhance virus
entry, depending on the antibody binding site on the S protein,
the 1gG subclass, IgG concentrations and expression of cell
receptors. This unpredictability means that convalescent
serum and synthetic anti-S antibodies should not be used in
CQVID-19 patients without thorough thought. The same applies
to preventive immunization against COVID-19. It cannot be
ruled out that vaccination will stimulate production of polyclonal
antibody variants responsible for antibody-dependent virus entry.

As COVID-19 is continuing its global rampage, a worrying
trend is being born: scientists are engaged in a race to develop
diagnostic, therapeutic and preventive tools for the novel
infection at all costs. A similar situation unfolded in the USSR
shortly after HIV was discovered. In an attempt to get ahead
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can neutralize the virion; on the other hand, they are also
capable of enhancing virus entry into the host cell. 2. Although
COQVID-12 is an epidemiological emergency, its treatment and
prevention should be based on solid evidence of safety and
efficacy.
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IN THE COVID-19 PATHOGENESIS
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Coronavirus SARS-CoV-2, the cause of the COVID-19 pandemic, enters the cell by binding the cell surface proteins: angiotensin-converting enzyme 2 (ACE2)
and transmembrane serine protease 2 (TMPRSS2). The expression of these proteins varies significantly in individual organs and tissues of the human body. One
of the proteins’ expression regulation mechanisms is based on the activity of the microRNA (miRNA) molecules, small non-coding RNAs, the most important
function of which is the post-transcriptional negative regulation of gene expression. The study was aimed to investigate the mechanisms of the interactions
between miRNA isoforms and ACE2/TMPRSS2 genes in the colon tissues known for the high level of expression of the described enzymes. The search for
interactions was performed using the correlation analysis applied to the publicly available paired mMRNA/mIiRNA sequencing data of colon tissues. Among the
others, such miRNAs as miR-30c and miR-200c were identified known for their involvement in the coronavirus infection and acute respiratory distress syndrome
pathogenesis. Thus, new potential mechanisms for the ACE2 and TMPRSS2 enzymes regulation were ascertained, as well as their possible functional activity
in a cell infected with coronavirus.
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POJIb PErYNAUNU FrEHOB AM®2/TMPRSS2 U30®OPMAMU mukpoPHK KALLEYHUKA
B NMATOMEHE3E COVID-19
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KopoHasmpyc SARS-CoV-2, Bbi3sasLni naHaemmnio COVID-19, NPoHMKaET B KNETKY, CBA3bIBASICb C MOBEPXHOCTHLIMM Bekamu: aHMMOTEH3MH-NpeBpaLLatoLLIM
hepmeHToM 2 (AIND2) 1 cepuHoBoii NpoTeasoit 2 (TMPRSS2). Okcnpeccust AaHHbIX 6eKOB 3HAUMTENBHO PasiaeTcs B OTAENbHbIX OpraHax U TKaHsaX opraHMama
Yenoseka. OIHVM 13 MEXaH3MOB PEryNALMN UX 9KCIPECCUN ABNAETCA aKTUBHOCTb Monekyn MUKPOPHK — KopoTkix HekoavpytoLmx PHK, BaxkHenwen yHKUmen
KOTOPbIX SBNSIETCS MOCTTPAHCKPUMNLMOHHAS HeraTuBHas perynsiLnsg skenpeccum reHoB. Lienbto paboTbl 6bIN0 BbISIBUTL MexaHW3Mbl B3aUMOAENCTBIUS M30(hopM
MUKPOPHK 11 reHoB AlN®2 / TMPRSS2 B TKaHsIX TOSICTOMO KMLLEYHMKA, N3BECTHbIX BbICOKMM YPOBHEM SKCMPECCUM ykadaHHbIX (DepMeHTOB. NoncK B3aMOaenCTBIiA
ObIN OCYLLECTBNEH CPEACTBaMN KOPPENALIMOHHOIO aHanmaa Ha nybany4Ho JOCTYMHOW BbIGOpKe AaHHbIX napHoro MPHK / MukpoPHK-cekBeHrpoBaHns TkaHen
KULeYHnKa. B yncne Haxopgok okadannck Takve MUKPoPHK, kak miR-30c n miR-200c, n3BecTHble CBOEN posbto B MAaTOreHe3e KOPOHaBUPYCHOW MHMEKLIM
N OCTPOro PECMMPATOPHOrO ANCTPECC-CUHAPOMA. Takm 06pa3om, Obln yCTaHOBNEHbI HOBbIE MOTEHLMasbHbIE MexaHn3Mbl perynaummn hepmeHToB AMND2 n
TMPRSS2 11 nx BO3MOXKHas (hyHKLMOHaNbHas akTUBHOCTb B KNETKE, MH(PULIMPOBAHHON KOPOHABNPYCOM.
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The rapid and progressive spread of the COVID-19 infection  stability. The characteristics of SARS-CoV-2, especially
caused by the SARS-CoV-2 coronavirus deeply affected the  distinguishing the disease from influenza, are the higher
health of hundreds of thousands of people, which became a  infection rate combined with the increased risk of severe
serious challenge to healthcare systems and global economic ~ course and mortality, mainly due to the acute respiratory
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distress syndrome (ARDS) [1]. The mechanism of the cells
infection is actively studied in many laboratories. In particular,
it is known that the SARS-CoV-2 viral envelope expresses the
spike protein (S protein) containing the receptor binding domain
with high affinity for the extracellular domain of angiotensin-
converting enzyme 2 (ACE2). The further S protein cleavage
by the transmembrane serine protease 2 (TMPRSS2) aimed
to produce the S1 and S2 subunits is a crucial stage for
membrane fusion and virus internalization by endocytosis with
ACE2 in pulmonary epithelium. It is assumed that the greater
virulence of SARS-CoV-2 compared to other coronaviruses
can be explained by the S1 protein’s significantly higher affinity
for ACE2. This mechanism of the SARS-CoV-2 entering the
cell leads to the loss of ACE2 on the cell surface, thereby
contributing to chronic lung function impairment and severe
tissue fibrosis [2].

MicroRNAs (miRNAs) are the small non-coding single
stranded RNAs containing an average of 22 nucleotides. One
of the most important intracellular functions of miRNA is the
negative regulation of gene expression due to complementary
miRNA binding with the target mRNA, leading to mRNA
degradation or translational inhibition [3]. MicroRNAs are
formed from the longer hairpin molecules of pre-miRNA as a
result of the hairpin cleaving Drosha and Dicer enzymes’ activity
[4]. The cleaving site inaccuracy leads to the emergence of
various microRNA isoforms that differ in several nucleotides
at the ends of the molecule. It is reported that many miRNAs
of canonical types are expressed much weaker than some
alternative isoforms [5]. It is of key importance that different
isoforms of the same MIRNA may have completely different
target genes. This is because the most important role in binding
to the target mRNA is played by the miRNA region between the
5' nucleotides 2-7 (seed region) [6].

It is reported that the functional impairment of miRNAs and
their isoforms is associated with a large number of pathological
conditions, including cancer, neurological and cardiovascular
diseases [7]. A large number of papers is devoted to the study
of the role of mMiRNAs in the pathogenesis of viral infections:
some of them are aimed to study the therapeutic potential of
the direct miRNA interaction with the virus [8], and the others
are aimed to investigate the potential interactions of miRNAs
and proteins playing a key role in the viral vital processes [9].
However, the ACE2 and TMPRSS2 expression regulation by
miRNA in subjects with COVID-19 remains poorly understood.
The study was aimed to reveal the mechanisms of the
interactions between miRNA isoforms and ACE2/TMPRSS2
genes in the colon tissues known for the high level of expression
of the described enzymes.

METHODS

To search for miRNA isoforms interacting with ACE2 and
TMPRSS2 enzymes, we performed the integrated analysis of
the paired mRNA and miRNA expression in the normal colon
tissues’ sample (the enzyme is most intensively expressed in
the colon tissues). The tissue selection was also due to the
fact that the gut models were often used for in vitro studies of
viruses [10, 11]. The available for public access samples from
The Cancer Genome Atlas Colon Adenocarcinoma (TCGA-
COAD) collection were used. The sample analysis was carried
out by the next-generation mMRNA and miRNA sequencing [12].
The data were expression matrices of thousands of mRNA and
miRNA isoforms in eight samples, the unit of expression was
the binary logarithm of the corresponding transcript number of
reads normalized to the upper quartile of the overall distribution
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(FPKM-UQ). To search for potential regulatory interactions
between miRNA isoforms and TMPRSS2 the Spearman
correlation coefficients between the expressions of 25% of
the most highly expressed isoforms with the expressions of
the corresponding mRNA were calculated, with subsequent
filtering in accordance with the p-value (significance level 0.05).

RESULTS

The ACE2 and TMPRSS2 expression at the mRNA level turned
out to be very high: TMPRSS2 was in the list of the most highly
expressed genes (1%), and the ACE2 expression was between
the 93 and 94" percentiles, which was fully consistent with
published data [13] (see Figure). Correlation analysis allowed
us to detect the miR-21 miIRNA demonstrating a significant
negative correlation with the ACE2 gene expression, as well
as the following miRNA families regulating TMPRSS2: let-7a/
let-7d, miR-30a, miR-30c, miR-127, miR-194, miR-200c, miR-
361 and miR-423. The let-7a miRNA was represented by the
hsa-let-7a-5p isoform, which differed from the canonic type by
adenine added at the 5' end of the molecule. The miR-194
was represented by the hsa-miR-194-3p isoform, which lacked
the &' first nucleotide. The absence of the corresponding
miRNA canonical forms in the list indicates the importance of
taking into account the profiles of all mMiRNA isoforms, not just
canonical isoforms.

DISCUSSION

Some of the discovered miRNAs have already been detected
during the virological studies. Thus, it was shown that the miR-
30c expression in the lungs of the mouse changed significantly
upon infection with SARS-CoV virus [14], which made it
possible to put forward a hypothesis about the involvement of
that miRNA in the development of a disease caused by the
virus. The miR-200c miRNA is also of great interest. In 2017,
a paper was published reporting that miR-200c miRNA played
a key role in the virus-induced ARDS pathogenesis [15]. The
researchers found out that the H5N1 avian influenza virus
promoted the miR-200c expression, the target of which was
the ACE2 receptor. Moreover, the viral proteins were detected
responsible for promoting the miRNA expression. The discovery
of the interaction possibility between the described miRNA and
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Fig. ACE2 and TMPRSS2 expression distribution in the colon tissues. Borders of
the boxes correspond to the lower and upper quartiles, vertical segment inside
the box represents the median value. Black rhombus shows outlier
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the TMPRSS2 enzyme emphasizes the need for studying the
role of miR-200c in the COVID-19 pathogenesis.

CONCLUSION

The results obtained indicate the presence of numerous
regulatory interactions between miRNA isoforms and ACE2/
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High population density in the cities with bustling transportation systems and a thriving tourism industry can promote the global spread of a viral infection in a
matter of days. The novel SARS-CoV-2 coronavirus has already infected over 2,000,000 people worldwide and caused upwards of 156,000 deaths. One of
the factors driving the rapid unfolding of the pandemic is the absence of diagnostic tests for SARS-CoV-2 detection. Molecular techniques allow SARS-CoV-2
RNA to be quickly detected in clinical samples, aiding the differential diagnosis in severely ill patients and facilitating identification of asymptomatic carriers or
presymptomatic individuals. Real-time PCR with fluorescent hybridization is the most available, highly sensitive and specific technique for SARS-CoV-2 RNA
detection in biological samples. More RT-PCR assay kits are needed for mass screening, which will help to identify infected individuals and contain the current
outbreak of COVID-19 in Russia.
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CTPATEMMN AN3ANHA PT-NLP-CUCTEM N OPTAHU3ALINA MOHUTOPUHIA SARS-COV-2
H. A. KyaHeuosa' ™ A. A. MouToBbii'?, M. A. Hukndhoposa', B. A. TyumH'?
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BbiCcokasi MNOTHOCTb HaCeneHnst B ropodax C XOPOLLUO PasBUTbIMY TPAHCMOPTHLIMM MyTSMU COOBLLEHVS 1 TYPU3MOM MOXET MPUBECTU K PaCMpPOCTPaHEHNIO
BMPYCHbIX MH(DEKLIMIA MO BCEMY MMPY B CHUTaHble AHW. HoBbIn kKopoHasupyc SARS-CoV-2 ctan npudnHoii 3abonesaHus COVID-19 yrke 6onee 2 000 000 Yenosek
N yHec »un3Hn bonee 156 000 venosek no Bcemy mupy. OLHON U3 OCHOBHbIX MPUYMH TaKOro CTPEMUTENBHOMO Pa3BUTUS MaHAEMUN MOCHYXKUIO OTCYTCTBUE
[OVarHOCTUYECKNX TECT-CUCTEM NS BbisaBneHs SARS-CoV-2. MNMpuMeHeHne MoNekynsipHO-61oNormiyeckinx MeToL0B AaeT BO3MOXHOCTb ObICTPO O6Hapy»KvBaTh
PHK Bupyca SARS-CoV-2 B KNMHWYECKMX 06pasliax, YTO MO3BOJSET YTOYHATL AMarHO3 Y MauveHTOB C TshKenbiMv hopMamy TedeHus 6onesHu, a Takke
BbISIBNSATb Ntofen ¢ 6eCCYMNTOMHbBIM TedeHVeM 3ab0neBaHNs NN HAXOASALLMXCS B MHKYHaLMOHHOM nepuode. Hanbonee AOCTyNHbIM, BbICOKOYYBCTBUTENBHBIM
1 cneunduryHeiM MeTogom maeHTudmkaumn HK SARS-CoV-2 B 6ronormydeckmnx obpasuax senaetcs MNUP ¢ rmbpuam3aumoHHo-(hnyopecLeHTHON AeTeKUmen
curHana B pexxvme peanbHoro Bpemern (MLP-PB). Tekyuiaa Benbilka COVID-19 B Poccun TpebyeT Hanmymst kak MoxHO Gosbluero konndectsa MNLP-PB-
TECT-CUCTEM [N MPOBEAEHNST MacLUTabHbIX CKPUHUHIOBBIX NCCNEA0BaHNUIA C LIENbIO BbISBAEHMS MH(MLMPOBAHHBIX J1L, CBOEBPEMEHHOE BbISIBNIEHME KOTOPbIX
SBNSIETCS KpaHe BaXKHbIM YCITIOBMEM YCTELLIHOrO MPEAoTBPALLEHNS PACMPOCTPaHEHUS BUPYCa.

KntouyeBble cnoa: SARS-CoV-2, COVID-19, anarHoctika, PT-MLP, TeCT-crcTeMbl, KOPOHaBUPYC
Bknap aBTOpPOB: aBTOPbI BHEC/IN PaBHO3HAYHbIA BKIA B HAanMcaHme cratbu.
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The emergence and rapid spread of the novel coronavirus Molecular methods based on the ampilification of nucleic

SARS-CoV-2 has sparked the pandemic of COVID-19 [1]. Over
2 billion confirmed cases and more than 150, 000 deaths were
reported within less than 3 months after the infection found
its way out of China [2]. In the absence of specific treatments
and vaccines, quarantine and lockdown are seen as the only
available containment measure [3]. Since the virus is capable of
presymptomatic transmission, molecular diagnostic techniques
based on the amplification of nucleic acids have become the
primary tool for monitoring its spread [4]. China, Singapore,
South Korea, and Germany succeeded in implementing the
broad testing strategy using reverse-transcription polymerase
chain reaction (RT-PCR) kits and thus were able to timely
identify individuals infected with SARS-CoV-2; these countries
seem to have gained control of the epidemic and saved medical
resources for treating critically ill patients. By contrast, [taly,
Sweden and USA, who were late to adopt the broad testing
strategy or initially denied its efficacy, are now facing a truly
grave situation.
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acids boast high sensitivity and high specificity; they can
detect viral RNA in both severely ill patients and asymptomatic
individuals and thus significantly contribute to stemming the
spread of the virus [5, 6]. Immediately after the first complete
SARS-CoV-2 genome sequences were obtained, Chinese
researchers and WHO released primer and probe sequences
for PCR-based virus detection; in the months that followed,
thousands of SARS-CoV-2 whole genomes were sequenced
and new RT-PCR assays were developed. In this article, we
talk about the main approaches to designing PCR assays and
some of their specific characteristics.

In diagnostic tests, proper sample collection techniques
and adequate, informative samples are essential to valid and
reliable results. Knowledge of viral tropism is critical to choosing
the type of the specimen to be collected. The efficacy of RT-
PCR for SARS-CoV-2 detection depends on the specimen
source and the applied sampling technique. It is reported that
bronchoalveolar lavage fluids have the highest diagnostic value
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in terms of SARS-CoV-2 detection, followed by sputum, nasal
swabs, fibrobronchoscope brush biopsy, pharyngeal swabs,
feces, and blood (1%) [7]. Still, nasal and oropharyngeal swabs
remain the most available and informative specimen type
used in screening tests for SARS-CoV-2 [8, 9]. When properly
performed, swabbing allows obtaining good quality samples
and is safe for the medical staff [10].

Real-time PCR with fluorescent hybridization probes
(real-time PCR) is the primary molecular genetic technique
for SARS-CoV-2 detection [6, 11, 12]. It is widely available,
highly sensitive and specific. PCR assay kits are instrumental
in implementing mass screening aimed at detecting infected
individuals and quantifying viral loads in each patient.

Approaches RT-PCR assay design

So far, the oligonucleotides and real-time RT-PCR kits for
SARS-CoV-2 detection have been described in a few dozens of
publications by international authors. In those studies, several
different approaches can be identified to designing real-time
RT-PCR assays for SARS-CoV-2 detection. Singleplex PCR
assays, in which oligonucleotides are selected to target only
one specific gene, are the simplest and the most available.
Multiplex assays are more advanced and allow targeting
a number of different genes simultaneously. Primers and
probes for multiplex assays can have different specificity or
enable discrimination between SARS-CoV-2 and the related
coronaviruses or other respiratory infections. For SARS-CoV-2
detection, primers and probes are usually selected to target
the nucleocapsid genes N7 and N2, the RNA-dependent RNA
polymerase gene (RARP) and the E protein gene of the viral
envelope. For example, CDC (Centers for Disease Control
and Prevention) recommends that identification of COVID-19
patients should start with a screening test for the E protein gene,
whose nucleotide sequence does not differ from that of SARS,
and then proceed to differentiating SARS from SARS-CoV-2
using oligonucleotides for the RdRP target [13]. According to
the WHO protocol, the collected samples should be screened
for N and Orf1b. However, the proposed oligonucleotides do
not help in discriminating between SARS-CoV-2 and SARS;
therefore, sequencing is advised to finalize the identification

procedure [14]. Table 1 features publicly accessible primer and
probe sequences for SARS-CoV-2 detection recommended by
WHO and CDC.

Characteristics of existing RT-PCR assays
for SARS-CoV-2 detection

Due to high demand, over 10 different commercial kits for
SARS-CoV-2 detection have been launched on the Russian
market; some of them have already received a medical device
registration certificate (Table 2). Singleplex kits have higher
sensitivity (up to 500 GE/ml) than their multiplex counterparts
(1,000 to 10,000 GE/ml), whereas multiplex kits targeting
several SARS-CoV-2 genes are more specific and help to avoid
false-negative results associated with the variability of the virus
resulting from mutations at the oligonucleotide binding site.
Of note, results generated by multiplex kits are sometimes
difficult to interpret due to the insufficient optimization of
the oligonucleotide sequence. Nevertheless, all Russian
manufacturers claim the sensitivity of their kits to be 1,000 GE/m.
Importantly, an internal control should be included in the kit,
regardless of the number of specific targets. The internal
control can be endogenous (human DNA) or exogenous (e.g.,
an RNA phage). It is used to control all stages of the protocol,
from nuclear acid extraction to amplification.

Although the internal control is necessary, not every
assay has it. For example, it is not found in the kits based on
isothermal ampilification, including loop-mediated isothermal
amplification (LAMP). Such assays are advantageously fast
(they take no longer than 40 min), do not require sophisticated
instrumentation and can be used as point-of-care tests outside
the lab, as no thermocycler is needed. LAMP-based assays
boast a sensitivity of up to 1-3 RNA copies per reaction [15].
However, the actual sensitivity of currently available commercial
LAMP assays is lower than claimed (Table 2).

Whole-genome sequencing
Among all techniques for molecular genetic analysis,

sequencing still has the highest informative value. In the current
pandemic caused by SARS-CoV-2, the number of complete

Table 1. Oligonucleotides recommended for COVID-19 diagnostics by WHO and CDC

Target Oligonucleotides Detection
HKU-ORF1b-nsp14F TGGGGYTTTACRGGTAACCT SARS coronavirs
ORF1b-nsp14 | HKU- ORF1b-nsp14R AACRCGCTTAACAAAGCACTC Bat SARS. ke coronavirus
HKU-ORF1b-nsp141P FAM-TAGTTGTGATGCWATCATGACTAG-BHQ1 : vird
SARS-CoV-2
WHO _
HKU-NF TAATCAGACAAGGAACTGATTA g:tzség\‘;;ggf‘”ms
N gene HKU-NR CGAAGGTGTGACTTCCATG Bat SARS-like coronavirus
HKU-NP FAM-GCAAATTGTGCAATTTGCGG-BHQ1 GARS Covs
SARS coronavirus
E_Sarbeco_F ACAGGTACGTTAATAGTTAATAGCGT BetaCov/bat
envelope protein | E_Sarbeco_R ATATTGCAGCAGTACGCACACA Bat SARS-like coronavirus
E_Sarbeco_P1 FAM-ACACTAGCCATCCTTACTGCGCTTCG-BHQ1
SARS-CoV-2
N_Sarbeco_F CACATTGGCACCCGCAATC S’;Zig@;ggf"““s
N gene N_Sarbeco_R GAGGAACGAGAAGAGGCTTG Bat SARS-like coronavirus
N_Sarbeco_P FAM-ACTTCCTCAAGGAACAACATTGCCA-BHQ1
cDC SARS-CoV-2
RdRp_SARSI-F GTGARATGGTCATGTGTGGCGG 3’2&%5@;82?""”3
RdRp_SARST-R CARATGTTAAASACACTATTAGCATA Bat SARS. ke coronavirus
RARP gene RARP_SARSK-P1 FAM-CCAGGTGGWACRTCATCMGGTGATGC-BHQ1 SARS.Covio
RdRp_SARSI-P2 FAM-CAGGTGGAACCTCATCAGGAGATGC-BHQ1 SARS-CoV-2
BetaCoV/bat
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Table 2. Kits for SARS-CoV-2 RNA detection

OPINION | VIROLOGY

Certificate ID and
registration date Claimed Amplification
(Federal Service Name Manufacturer sensitivity ptim °
for Surveillance in (GE/ml) e
Healthcare)
2020/10088 Real-time isothermal amplification kit for SARS-CoV-2 RNA . . .
dated 17.04.2020 detection in biological samples Evotech Mirai Genomics LLC 10000 25 min
2020/10064 SBT-DX-SARS-CoV-2 Real-time PCR kit for SARS-CoV-2 RNA detection . .
dated 16.04.2020 in biological samples (fluorescent hybridization) SystemaBioTech LLC 1000 1h 40 min
2020/9957 Isotherm SARS-CoV-2 RNA-screen Real-time loop-mediated
dated 02.04.2020 isothermal amplification kit for SARS-CoV-2 RNA detection in Generium JSC 1000 25 min
biological samples
2020/9948 SARS-CoV-2/SARS-CoV Real-time RT-PCR kit for SARS-CoV-2 )
dated 01.04.2020 and SARS-CoV RNA detection DNA-Technology TS LLC 1000 50 min
2020/10032 Real-time PCR kit for SARS-CoV-2 RNA detection in biological ) )
dated 14.04.2020 samples (fluorescent hybridization) MediapalTech LLC 1000 120 min
2020/9904 Polyvir SARS-CoV-2 RT-PCR kit for SARS-CoV-2 RNA detection . .
dated 27.03.2020 Litech LLC 1000 1 h 30 min
2020/9765 AmpliTest SARS-CoV-2 PCR kit for SARS-Cov-2 RNA detection Center for Strategic Planning,
dated 27.03.2020 Ministry of Healthcare of the 1000 1h20 min
Russian Federation
2020/9896 Real-Best RNA SARS-CoV-2 RT-PCR kit for SARS-CoV-2 .
dated 27.03.2020 RNA detection Vector-Best JSC 1000 1h20min
41956 2014/1987 AmpliSense® CoV/s-Bat-FL Central Research Institute
dated 25.03.2020 PCR kit for MERS-CoV and SARS-CoV/CoV-2 RNA detection of Epidemiology, Federal 1000 1 h 20 min
in biological samples (fluorescent hybridization); technical Service for Surveillance
specifications 9398-224-01897593-2013 in Healthcare
2020/9845 Real-time isothermal amplification kit for SARS-CoV-2 ) )
dated 20.03.2020 RNA detection in biological samples SmartLifeCare LLC 10 000 25 min
41390 2020/9700 Vector-OneStepPCR-Cov-RG Vector, State Research
dated 14.02.2020 Real-time PCR kit for SARS/COVID-19 RNA detection Center of Virology and
(fluorescent hybridization) Biotechnology, Federal n/a n/a
Service for Surveillance
in Healthcare
41240 2020/9677 Vector-real-time PCR-2019-nCoV-RG Real-time PCR kit Vector, State Research
dated 11.02.2020 for 2019-nCoV RNA detection (fluorescent hybridization) Center of Virology and
Biotechnology, Federal n/a n/a
Service for Surveillance
in Healthcare

genomic sequences of the virus obtained within very short
time is record-breaking. Whole-genome sequencing has never
been so close to adoption in the clinical setting as it is now.
There are a few approaches to whole-genome sequencing of
SARS-CoV-2. The classic approach consists in the extraction
of nucleic acids from nasopharyngeal and/or oropharyngeal
swabs, subsequent depletion of the host’s ribosomal RNA for
library preparation and sequencing itself carried out according
to the protocols supplied by the manufacturer. However, this
approach requires a fair amount of viral RNA and good read
depth. With low viral loads, the virus can be replicated using
cell cultures. For that, serial passages are performed in Vero V,
Vero EB6, LLC-MK2, and some other cell lines. This approach
has been successfully used in some laboratories, including the
Reference center for coronavirus infection (GISAID ID: EPI_
ISL_421275).

Whole-genome amplification is an alternative to cell
cultures. So far, a few panels have been designed for
sequencing the entire genome of SARS-CoV-2. Among them
is the lon AmpliSeq SARS-CoV-2 Research Panel (Thermo
Fisher Scientific; USA). It consists of two primer pools for the
amplification of 125-275 bp-long fragments [16].

Another panel was developed by Paragon Genomics Inc
(USA). It is a multiplex PCR research panel with two primer
pools and an average amplicon size of 99 bp [17]. The panel
can potentially detect 1.15 viral copies at 95% probability.
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Using two overlapping pools of primers will ensure full coverage
of the entire viral genome, with a calculated detection limit of
0.29 copies at 95% probability. So far, there is no data on the
actual SARS-CoV-2 detection limit for the AmpliSeq SARS-
CoV-2 Research Panel.

A new protocol for sample preparation and bioinformatic
analysis was proposed by the ARTIC network [18]. It was
developed for Oxford Nanopore sequencing platform and
generates results within 8 h.

CONCLUSIONS

Methods based on the molecular genetic analysis of nucleic
acids are instrumental in the surveillance and monitoring
of SARS-CoV-2 spread and help to contain the COVID-19
pandemic. Their primary advantage over thermometry or
evaluation of symptoms is the ability to detect asymptomatic
carriers or infected presymptomatic individuals. In spite of
a plethora of designs, classic RT-PCR is still the preferred
detection technique. Refinement of isothermal amplification
tools will make molecular analytical techniques more
accessible in the future and improve their efficacy in
monitoring and controlling biological threats. Sequencing
allows accumulating more data about changes occurring in
the viral genome and using it for RT-PCR primer optimization,
vaccine development, study of the evolution of the virus, and
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reconstruction of epidemiological processes that drive the
epidemic. Sequencing platforms make it possible to analyze
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CHARACTERIZATION OF THE GENOTYPE AND THE PHENOTYPE OF NONTOXIGENIC STRAINS OF
CORYNEBACTERIUM DIPHTHERIAE SUBSP. LAUSANNENSE ISOLATED IN RUSSIAN RESIDENTS
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In 2018, a few sequencing studies were published revealing the existence of two monophyletic clusters within the C. diphtheriae species, meaning that this
species can be divided into two subspecies: C. diphtheriae subsp. diphtheriae and C. diphtheriae subsp. lausannense. The objective of our study was to describe
the genotype and the phenotype of 2 nontoxigenic C. diphtheriae strains isolated in Russia in 2017-2018, which were classified by us as C. diphtheriae subsp.
lausannense based on the aggregated data yielded by a variety of techniques, including microbiological and molecular genetic techniques, as well as a bioinformatic
search for subspecies-specific genes in the publicly available genomes of C. diphtheriae. The isolated strains had morphological and biochemical characteristics
of C. diphtheriae. The strains were assigned to the MLST type ST199 included in the clonal complex associated with subsp. lausannense. PCR revealed that
both analyzed strains of C. diphtheriae subsp. lausannense carried the ptsl gene encoding phosphoenolpyruvate-protein phosphotransferase and did not carry
the narG gene encoding the synthesis of nitrate reductase subunits, whereas the strains of C. diphtheriae subsp. diphtheriae had the narG gene and did not have
ptsl. We experimentally proved the ability of lausannense strains to ferment N-acetylglucosamine. Our findings expand the knowledge of the biological diversity of
C. diphtheriae and indicate the need for estimating the spread of these microorganisms in Russia, as well as their pathogenic potential.
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XAPAKTEPUCTUKA TEEHOTUMNA N PEHOTUMNA HETOKCUIEHHbLIX LUTAMMOB CORYNEBACTERIUM
DIPHTHERIAE SUBSP. LAUSANNENSE, BbIOENEHHbIX HA TEPPUTOPUN POCCUA

O. 1O. bopucosa'?=, A, B. HYannuvH'?, H. T. Tagya', A. C. MNMumerHosa', V1. H. Anekceesa®, I. ®. Pakmukunin®, C. C. AdaHackes', E. E. [JoHckmx?,
1. . Kadhapckas?®

" MOCKOBCKUIN HAYHHO-MCCNEA0BATENbCKUN NHCTUTYT SNUAEMMONOrM 1 MKpobronorum nvenm . H. Mabpuyesckoro, Mocksa, Poccurst
2 POCCUNCKMIA HALMOHabHBIN UCCNEA0BATENBCKUN MEAUUMHCKUA yHBEpcKTeT nmeHn H. W, Muporosa, Mockea, Poccust
3 KpaeBasi KnnHn4eckasi ncuxmarpuyeckas 6onbHuLa, Xabaposek, Poccust

B 2018 r. Ha oCHOBaHWM MONMHOrEHOMHbIX AaHHbIX MOSBUANCH MyOAMKaLmM O Hammyum ABYX MOHOMUNETUHECKMX KnacTepos BHYTPU Buaa C. diphtheriae,
4TO No3BONAET AnddepeHLMpoBaTb 3TOT BUA Ha Asa noasuaa: C. diphtheriae subsp. diphtheriae v C. diphtheriae subsp. lausannense. Llenbto paboTbl
ObINo onucaTb reHoTVN 1 eHoTUN ABYX HETOKCUreHHbIX WTammoB C. diphtheriae, BbiaeneHHblx B 2017-2018 1. ¢ NpothunakTU4ecKon Lenbto, KoTopble
Ha OCHOBaHWMM COBOKYMHOCTW Pe3y/bTaToB MHOXECTBa METOLOB MOryT ObITb OoTHeceHbl k C. diphtheriae subsp. lausannense. B nccnegosaHni MCNonb3osanm
MUKPOBVONOMMHECKME I MONEKYIISIPHO-TEHETUHECKME METOMbI, a TakKe BUOMH(MOPMATUHECKUI MOUCK NOABUA-CNELMMUYHBIX TEHOB B NYyOANYHO AOCTYMHbIX
reHomax C. diphtheriae. BblgeneHHble WTtamMmbl uMenn xapaxktepHsle ana C. diphtheriae Mopho-KynbTypasibHble CBOMCTBA U BUOXUMNYECKYIO XapaKTepUCTIIKY.
B MJ/ICT wrammbl nprHaanexanu kK cukaeHc-Tuny ST199, BxoasLLeMy B KNOHabHbIA KOMMIEKC, aCCOLMMPOBaHHbIA C subsp. lausannense. C ncnonb3oBaHnemM
MLIP b nokadaHbl Hanundne pts/ (reHa, koampytoLLero hocgoeHonnmpysaTt-6enok ochoTpaHcdepasbl) 1 oTcyTcTBre narG (reHa, KOAMPYIOLLEro CUHTE3
cybbeanHULL HATPATPEeayKTadbl) y ABYX Uccneayemblix WwtammoB C. diphtheriae subsp. lausannense n NpOTUBOMONOXHas kapTuHa — Y LWTammoB C. diphtheriae
subsp. diphtheriae. Bbina akcnepuMeHTanbHO NOATBEPXXAEHA CMOCOBHOCTL BblAENEHHbIX LUITAMMOB NOABWAA lausannense copaxmsate N-aLeTunrioKo3amMmH.
[MonyyeHHble pesynsTaThbl PACLUMPSAIOT NpeacTaBneHns o bruonornieckomM pasHoobpasum suaa C. diphtheriae v CBUAETENLCTBYIOT O HEOOXOANMMOCTI AANBHENLLINX
1CCnefoBaHWiA MO OLIEHKE PaCMpPOCTPaHEHHOCTUN STUX MUKPOOPraHU3MOB W U3YHEHUIO KX MaTOreHHOro noTeHLpmana.
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Diphtheria is caused by toxigenic strains of Corynebacterium
diphtheriae harboring integrated bacteriophage DNA containing
the toxin gene. The infection spreads from person to person
via airborne droplets and develops into classic pharyngeal or
nasal diphtheria.

Over the past century, mass immunization programs have
dramatically cut down the incidence of diphtheria [1]. In Russia,
the incidence rate of the disease has stabilized due to good
vaccination coverage (= 95%) [2]. In 2017, no incident cases of
diphtheria and only 2 asymptomatic carriers were reported in
Russia. In 2018, 4 incident cases of the disease and 3 carriers
were reported, whereas in the first 9 months of 2019, there
were 3 new cases of diphtheria and 2 carriers [3]. In the past
few years, there have been no reports of the secondary cases
or lethal infection. Most clinical forms of diphtheria are mild
localized forms.

Today, diphtheria is a rare disease; therefore, it can pose
a diagnostic difficulty to the clinician. This, as well as the
existence of latent carriers, who act as a reservoir for the
infection, and the fact that the epidemic process unfolds in
the vaccinated population, still renders diphtheria a clinically
important problem [3].

Recently, infections caused by nontoxigenic C. diphtheriae
strains have been on the rise. They manifest atypically
as pharyngitis, respiratory tract infections, endocarditis,
osteomyelitis, septic arthritis or skin infections [4-8].

Historically, C. diphtheriae were classified into 4 biotypes
based on their biochemical phenotypes: gravis, mitis,
intermedius and belfanti [9, 10]. Representatives of the same
biovar, though, can be genetically distant [11, 12]. This is why
genomics does not support the use of biovars as a reliable
classification tool for C. diphtheriae [13]. Besides, there is
no correlation between the biovar and pathogenicity [14].
Multilocus sequence typing (MLST) based on the determination
of allelic profiles of 7 housekeeping genes has made it possible
to cluster the entire diversity of C. diphtheriae strains into 2
evolutionary lineages: lineage-1 (the majority of the strains) and
lineage-2 (only strains of the belfanti biotype) [14].

In 2018, a paper was published describing 3 nontoxigenic
strains of C. diphtheriae [15]. One of them had been isolated
from a Swiss patient with tracheobronchitis and multiple
lesions on the distal trachea and the mainstem bronchi; the
2 other strains had been isolated from nasal swabs in the UK
and India. Genome comparison that used publicly available
C. diphtheriae genomes demonstrated that average nucleotide
identity between the isolated strains and the NCTC 11397
C. diphtheriae reference genome was lower (95.24 to 95.39%)
than between the reference genome and other previously
published C. diphtheriae genomes (> 98.15%). Phylogeny
reconstruction based on whole genome sequencing data
confirmed the existence of two monophyletic clusters of
C. diphtheriae corresponding to lineage-1 and lineage-2.
Consequently, it was proposed to classify C. diphtheriae
into two subspecies: C. diphtheriae subsp. diphtheriae and
C. diphtheriae subsp. lausannense.

The aim of this study was to characterize the genotype and
the phenotype of nontoxigenic C. diphtheriae strains isolated
in 2017-2018 that can be identified as C. diphtheriae subsp.
lausannense based on the aggregated data yielded by a variety
of different methods.

METHODS

In the experimental part of the study, we analyzed 2 nontoxigenic
C. diphtheriae strains isolated at the bacteriological laboratory

of Khabarovsk Regional Psychiatric Hospital in 2017-2018,
the control toxigenic strain of C. diphtheriae (gravis biotype,
accession number 665) from the State collection of pathogenic
microorganisms (SCPM-Obolensk), freshly isolated toxigenic
strains of C. diphtheriae (gravis biotype, strain numbers 66-
19, 98-19 and mitis biotype, strain numbers 55-19, 56-19),
nontoxigenic strains of C. diphtheriae (gravis biotype, strain
numbers 57-19, 67-19 and mitis biotype, strain numbers 60-
19, 91-19) that had been delivered to the Reference Center
for the Surveillance of Measles, Rubella, Mumps, Pertussis,
and Diphtheria (G.N. Gabrichevsky Research Institute for
Epidemiology and Microbiology) from different Russian regions.

The analysis of C. diphtheriae strains was conducted
following the guidelines Ne 4.2.3065-13 for laboratory
diagnostics of diphtheria. The isolates were plated onto
tellurite blood agar (2% fishmeal hydrolysate agar base, State
Research Center for Applied Microbiology & Biotechnology;
Obolensk; Russia) supplemented with 7% bovine blood
(Leitran; Russia) and potassium tellurite (State Research Center
for Applied Microbiology & Biotechnology; Obolensk, Russia)
and kept in a temperature-controlled chamber at 37 °C for
24-48 hours. Grown colonies of C. diphtheriae were evaluated
for their morphological, toxigenic and biochemical properties.
The toxigenicity of C. diphtheriae strains was evaluated in
a precipitation test using a Corynetoxagar medium (State
Research Center for Applied Microbiology & Biotechnology;
Obolensk, Russia) supplemented with 20% bovine serum
(Leitran; Russia) and filter discs soaked in diphtheria antitoxin
(Diagnostic Systems; Nizhny Novgorod, Russia). Each antitoxin-
impregnated disc contained 5 + 1 IU of diphtheria antitoxin
(as suggested by the guidelines 4.2.3065-13). Biochemical
properties of the cultures were determined from their cysteinase,
urease, saccharolytic and nitrate reductase activity using the
media prepared at our laboratory and a commercial DS-DIPH-
CORYNE kit (Diagnostic Systems; Nizhny Novgorod, Russia).

To evaluate the ability of the analyzed strains to ferment
N-acetylglucosamine, a phenol red broth was ex tempore
supplemented with N-acetylglucosamine (Sigma-Adirich;
USA). Then, a loop full of overnight C. diphtheriae cultures
grown on serum agar was added to 3 ml of the solution. The
cultures were incubated at 37 °C for 24-48 h. Fermentation
was evaluated based on the change in the color of the solution.
Two toxigenic and two nontoxigenic gravis strains, as well as
two toxigenic and two nontoxigenic mitis strains, were used as
controls.

The sample of the analyzed published genomic sequences
comprised 204 C. diphtheriae genomes representing
diphtheriae and lausannense subspecies deposited in the
NCBI Refseq database, 3 genomes of C. diphtheriae subsp.
lausannense from the NCBI Genbank and one genome of
Corynebacterium ulcerans BR-AD22, which served as an
outgroup for phylogenetic reconstruction. In total, 208 genomes
were included in the analyzed dataset.

Coding sequences retrieved from the genome annotations
in the corresponding databases were clustered into ortholog
groups using OrthoMCL [16] with standard settings (inflation
index of 1.5; protein sequence similarity threshold of 50%;
e-value of 10-5). For phylogeny reconstruction, we used
the groups of orthologs that were made up of the genes
present in every genome in the amount of 1 copy. Nucleotide
sequences were aligned in MUSCLE software [17] and then
concatenated. Phylogeny reconstruction was performed
following the Maximum Likelihood algorithm implemented
in FastTree software [18] using the GTR+CAT model. MLST
types of the published sequences were predicted based on the
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data retrieved from PubMLST. Clonal clusters were formed in
Phyloviz 2 using the goeBURST algorithm at the SLV level [19].

Total DNA was isolated from overnight C. diphtheriae
cultures grown on fishmeal hydrolysate agar (State Research
Center for Applied Microbiology & Biotechnology; Obolensk,
Russia) supplemented with 10% bovine serum (Leitran;
Moscow) using a standard boiling extraction method with
subsequent centrifugation.

Detection of fox gene fragments in nontoxigenic
C. diphtheriae strains was performed in accordance with the
protocol described in [20]. The PCR reaction mix contained 1.5 mM
MgCl,, 10 mM Tris-HCI (pH 8.3), 50 mM KCI, 0.1 pM of
forward and reverse primers, 200 mM of each dNTP, and 1 unit
of Tag polymerase (Thermo Fisher Scientific; USA). DNA of the
control toxigenic C. diphtheriae strain (gravis biovar, accession
number 665) was used as a positive amplification control.
MLST types of C. diphtheriae strains were determined following
the international protocol [14]; fragments of 7 housekeeping
genes were Sanger-sequenced, including atpA, dnak, dnakK,
fusA, leuA, odhA, and rpoB. Sequencing was carried out by
Evrogen JSC (Moscow). Allele identification was done using the
PUubMLST database.

To identify dixR fragments in the sequences of C. diphtheriae
strains, PCR was carried out with one pair of primers for the
entire region of the dixR gene: GGGACTACAACGCAACAAGAA
and TCATCTAATTTCGCCGCCTTTA as described in [20, 21].
The following primers were used for subspecies-specific PCR:
ptsl_F. ACTTTCCGAACCTGCCATCC and pts/_R:GTGTACTCCT
TCGTCTGCTC; narG_F:. CTGACCACTGGGGCGAGG and
narG_R: GAGTTGTCATAACGCCACTG.

RESULTS

The C. diphtheriae strains B-8759 and B-8760 had been
isolated from the pharynx of two patients (26 and 77 years)
admitted to 2 different units of a psychiatric hospital; the
patients had undergone a standard preadmission test for
diphtheria (see Paragraph 3.4. of the Guidelines 3.1.3018-12
on the epidemiological surveillance of diphtheria infection).
The isolated strains were identified from their morphological,
toxigenic and biochemical properties as recommended by
the Guidelines [4.2.3065-13 on the laboratory diagnostics of
diphtheria. On tellurite blood agar, the grown colonies appeared
grayish-black, fuzzy, crumbly, with slightly irregular margins
and a raised center. Toxigenicity of the grown colonies was
determined using discs impregnated with diphtheria antitoxin
(the Feldman method). After 24 and 48 hours of incubation, the

Table 1. Characteristics of the analyzed C. diphtheriae cultures
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isolated cultures still had not produced specific precipitation
lines, unlike the control toxigenic C. diphtheriae strain (gravis
biotype, accession number 665), suggesting the absence of
toxigenicity. PCR performed to detect the fragment of the tox
gene demonstrated that the analyzed strains did not carry the
diphtheria toxin gene.

Biochemical properties of the cultures were determined from
their cysteinase, urease, saccharolytic and nitrate reductase
activity. The cultures exhibited cysteinase activity and formed
a brown halo following inoculation into the Pisu medium; the
cultures fermented glucose, maltose, fructose and galactose,
did not ferment saccharose and starch, and exhibited no
urease or nitrate reductase activity (Table 1). The tests allowed
us to provisionally assign the analyzed C. diphtheriae strains to
the belfanti biotype typically seen in lausannense subspecies.

In the next step, we analyzed the previously published
genomes of C. diphtheriae, which was necessary to verify that
the studied species can be distinctly divided into subspecies
and to conduct a search for species-specific protein-encoding
genes.

The constructed phylogenetic tree (Fig. 1) confirmed the
results previously obtained on a smaller sample indicating
that representatives of C. diphtheriae constituted two clades
corresponding to the subspecies diphtheriae and lausannense.
The tree also showed that the representatives of these
subspecies belonged to non-overlapping groups of sequence
types. The goeBURST clustering analysis of MLST types
described in PUbMLST (Fig. 2) revealed that all representatives
of the lausannense subspecies whose genomes had been
previously sequenced belonged to the sequence types ST106,
ST360, or ST409, and to one previously undescribed type that
differed from ST359 in just one allele. All these sequence types
formed one clonal complex.

It could be hypothesized that other sequence types (such
as ST35, ST37, ST69, or ST81) constituting the same clonal
complex also belong to the lausannense subspecies. An
additional argument in favor of our hypothesis is that almost
all isolates representing the sequence types from this clonal
complex have been described in the PUbMLST database as
representing the belfanti biotype typical to the lausannense
subspecies.

The analysis of ortholog groups revealed the existence of loci
specific to C. diphtheriae subspecies. For example, all strains
of the lausannense subspecies had a region (presumably, an
operon) harboring genes of the phosphotransferase system,
for which N-acetylglucosamine is a hypothesized substrate.
The following primers were selected for the gene coding

C. diphtheriae strains
Characteristic
Strain 665 (control) Strain B-8759 Strain B-8760
Glucose fermentation + + +
Saccharose fermentation - - -
Maltose fermentation + + +
Fructose fermentation + + +
Galactose fermentation + + +
Starch fermentation + - -
Urease - - -
Nitrate reductase + - -
Cysteinase test + + +
Toxigenicity (the Feldman method) + - -
Presence of the tox gene + - -
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Fig. 1. A phylogenetic tree for C. diphtheriae strains with publicly available sequenced genomes. The length of the branches and the genome of C. ulcerans BR-AD22
used for rooting are not shown in the figure. The numbers on the branches represent bootstrap values. Strains of C. diphtheriae subsp. lausannense are shown in
gray. The numbers in brackets refer to the predicted sequence types and follow the PubMLST nomenclature (dash marks represent yet undescribed sequence types)

for phosphoenolpyruvate-protein  phosphotransferase:
ptsl_F:  ACTTTCCGAACCTGCCATCC and pts/_R:
GTGTACTCCTTCGTCTGCTC (the expected product length
was 489 bp). At the same time, a locus encoding the synthesis of
nitrate reductase subunits was detected only in the genomes of
the diphtheriae subspecies. The following primers were selected
for the gene encoding its a-subunit (the gene was present in the
sequences of 201 out of 202 strains representing this subspecies
in the analyzed sample): narG_F: CTGACCACTGGGGCGAGG
and narG_R: GAGTTGTCATAACGCCACTG (the expected
product length was 691 bp).

PCR with primers for the amplification of pts/ and narG
fragments (Fig. 3) showed that the samples containing DNA
of B-8759 and B-8760 strains carried the pts/ gene and did
not carry the narG gene, whereas “classic” C. diphtheriae
strains had the narG gene and did not have pts/. There were
no samples that carried either both of these genomic loci or
none of them.

These findings and the results of biochemical identification
allowed us to conclude that the analyzed C. diphtheriae

strains belonged to C. diphtheriae subsp. lausannense. The
conclusion was corroborated by the fact that the isolated
strains represented the sequence type ST199 included in the
clonal complex presumably typical to the representatives of this
subspecies (Fig. 2). Another piece of evidence confirming our
conclusion was the sequence of the dtxR gene that coincided
with the sequences found in the genomes of lausannense
subspecies.

Considering that strains of C. diphtheriae subsp.
lausannense carried the gene coding for phosphoenolpyruvate-
protein phosphotransferase, which is part of the
phosphotransferase system for N-acetylglucosamine, we
conducted a few experiments to investigate the phenotypic
manifestations of this gene. The experiments showed that
unlike C. diphtheriae subsp. diphtheriae, both analyzed strains,
which we classified as C. diphtheriae subsp. lausannense,
fermented N-acetylglucosamine (Fig. 4).

The analyzed strains, which we classified as C. diphtheriae
subsp. lausannense, were deposited in the State collection of
pathogenic microorganisms (SCPM-Obolensk).
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Fig. 2. The clonal complex reconstructed from PubMLST data. The complex comprises lausannense strains with publicly available sequenced genomes

Fig. 3. Gel electrophoresis of PCR products with the following primers: pts/_F — pts/_R and narG_F — narG_R. M is a GeneRuler 100 bp DNA Ladder (Thermo Fisher
Scientific; USA) (example)

1 2 ClR

Fig. 4. Saccharolytic acivity of C. diphtheriae subsp. lausannense strains: the ability to ferment N-acetylglucosamine. The crimson color of the medium means the
test results are positive. 1, 2 are isolated strains of C. diphtheriae subsp. lausannense; 3 is a strain of gravis C. diphtheriae subsp. diphtheriae; 4 is a strain of mitis
C. diphtheriae subsp. diphtheriae; 5 — negative control
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DISCUSSION

We were able to identify the two analyzed C. diphtheriae strains
isolated from the samples of Russian residents as nontoxigenic
representatives of subsp. lausannense. Our findings along
with the reports of foreign researchers [14, 22] suggest that
these strains are ubiquitous. They belong to the sequence
type ST199, which is part of the lineage-2 cluster typical to
the lausannense subspecies, and carry the sequence of the
dtxR gene characteristic of lausannense representatives.
The analysis of ortholog groups established the existence
of loci specific to the subspecies of C. diphtheriae: the
region containing the genes of the N-acetylglucosamine-
phosphotransferase system (specific to the lausannense
subspecies) and the region encoding the synthesis of nitrate
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The prevalence of chronic liver diseases that progress to
cirrhosis, including hepatitis B and C, alcoholic liver disease, toxic
hepatitis, primary sclerosing cholangitis, etc., is on the rise [1].

The gold standard for evaluating the liver is a liver biopsy.
However, being an invasive procedure, it is associated with
the risk of complications and, therefore, cannot be used as
a routine test [2]. Adoption of highly reliable, simple and safe
noninvasive diagnostic tests into clinical practice [3] will allow
clinicians to monitor the efficacy of treatment and estimate the
functional reserve of the liver [2, 4]. Such tests have a strong
advantage over elastography, as well as APRI [5] and FORNS
[6] scores calculated from a patient’s laboratory data.

Breath tests rely on the body’s ability to metabolize *C- and
“C-substrates into *CO, [7] or ™“CO, [8] that are subsequently
transported in the blood to all organs and tissues and excreted
through the lungs; "*CO, or '“CO, concentrations in exhaled
breath can be reliably detected by mass spectrometry,
nondispersive infrared spectroscopy (NDIRS) and cavity ring-
down spectroscopy (CRDS), a spectroscopic technique for
measuring absorption of laser light by a gaseous sample
introduced into an optical cavity consisting of two high-
reflectivity mirrors, where the laser pulse is reflected between
them back and forth; in CRDS, absorption is calculated from
the time of light decay (the ring-down time) [3, 9]. Thus, a
diagnosis can be stablished by analyzing the pharmacokinetics
of a radiolabeled compound, such as information about its
metabolic pathways and rates and “CO, concentrations in
exhaled breath [10].

Currently existing clinical breath tests used to evaluate liver
function measure the metabolic activity of *C-methacetin [11-
13], ®C-galactose, cytochrome P450 (the *C-aminophenazone
test) [14], *C-phenylalanine [15, 16], *C-caffeine [17, 18], and
8C3-trioctanoin (a triglyceride of 'C-labeled octanoic acid
esters), which facilitates the diagnosis of exocrine pancreatic
insufficiency (7, 19].

Breath tests that harness radiolabeled fatty acids, like
linoleic acid, hold great promise for nuclear medicine. Linoleic
acid plays an essential role in the energy metabolism of higher
organisms and is a building block for a few lipid classes,
including neutral fats, phosphoglycerides and cholesterol
esters [20].

Linoleic acid is a long-chain water-insoluble compound.
Bile secreted by the gall bladder catalyzes hydrolysis of linoleic
acid in the small intestine; the reaction results in the formation
of mixed micelles. The lack of bile salts in the bile caused by a
hepatobiliary disorder slows absorption of a labeled fatty acid,
which can be inferred from the isotopic composition of exhaled
carbon dioxide [20].

The literature reports an 11-step method for stereospecific
synthesis of [1-“C] isomers of monounsaturated fatty acids
using olefin inversion [21]. Advantageously, this method
allows obtaining monounsaturated fatty acids with a C=C
double bond at different positions. However, it is very labor-
intensive, involves preparative separation of sterecisomers
upon epoxidation and requires an expensive and toxic source
of *C, such as cyanide. These factors impede adoption of the
method in large-scale manufacturing.

So far, there are no published reports describing chemical
synthesis of ®C- and '“C-labeled derivatives of most common
dietary unsaturated fatty acids (linoleic and linolenic) from the
most common source (CO,) Synthesis by biological methods
involving protists and fungi, like Thraustochytrium and Mortierella
alpina, has a low radiochemical yield under 60% [22, 23].
The residual isotope is disposed of as waste. Given that “C
is a long-lived radionuclide, this method of synthesis is a
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hazard to the environment. Another drawback of the method
is distribution of labeled atoms along the entire carbon chain of
the acyl group, which limits application of synthesized *C- and
“C-labeled fatty acids in breath tests. The highest sensitivity,
repeatability and safety of a liver function breath test can be
achieved by using fatty acids in which 100% of labeled atoms
are at position 1 (the carboxyl group). Biogenic synthesis often
results in a mix of fatty acids differing in their composition.
For instance, Thraustochytrium-based synthesis produces
10 different fatty acids with a yield range of 0.72 to 21.82%.
Besides, 1.9% of the isotope is included in the structure of
unidentified fatty acids [23].

This study aimed to develop a method of synthesis of
linoleic acids labeled with *C- and '“C-atoms at position 1
of the acyl group using CO, as an isotope source for use in
diagnostic tests for hepatobiliary disorders.

METHODS
Equipment

Purity of intermediate and final reaction products was controlled
by means of thin-layer chromatography using precoated silica
gel Kieselgel 60 F254 TLC plates (Merck; Germany) and Sorbfil
plates PTLC-AF-V-UF. The ethyl acetate : n-hexane (1 : 1)
eluent mixture was used as a mobile phase. The separated
analytes were visualized by exposing the plates to iodine
vapors. The structure of the final product was confirmed using
nuclear magnetic resonance spectrometers AM-300, 300 MHz
(Bruker; Germany) and DRX-500, 500 MHz (Bruker; Germany).
Deuterated chloroform was used as a solvent for NMR analysis;
NMR spectra were recorded at 300.1 mHz.

Specific activity of tracer carbon was measured by means
of a DPM 7001 liquid scintillation counter (RadEk Scientific
and Technical Center; Russia) equipped with 2 photomultiplier
tubes. Microcalorimetric analysis of mixtures was carried
out using a Setaram C80 Calvet calorimeter (SETARAM
Instrumentation; France). Potentiometric pH measurements
of aqueous solutions were taken with a Sartorius PB-11 basic
meter (Sartorius; Germany).

Materials

The following reagents were used in the experiment:

- 1-bromo-8,11-heptadecadien CH,(CH,),-(CH,CH=CH),
(CH,).,Br (AppliChem; USA); molar mass 315.332 g/mol,
melting point 3.4 °C, boiling point 112 °C [24];

—the source of a stable carbon isotope: anhydrous barium
carbonate-'*C (JSC Isotope; Russia); isotopic purity 99.32%;
molecular weight 198.3359 g/mol; melting point 1,558 °C;

—the source of a radioactive carbon isotope: anhydrous
barium carbonate-'“C (Mayak Production Association,
Rosatom; Russia); isotopic purity 97.8%; molar mass 199.3359
g/mol; melting point 1,566 °C; specific activity 66.92 mCi/g;

—among other reagents were high-purity dry argon and
nitrogen (M-Gas; Russia); ethyl acetate, GOST 22300-76 rev.1-3
(Chimmed; Russia); n-hexane, specifications 2631-158-
44493179-13 (Lenreactiv; Russia); magnesium turnings, GOST
804-93 (Interchim; Russia); crystalline iodine, reagent grade
(Lenreactiv; Russia); diethyl ether, specifications 2600-001-
45682126-13 (Chimmed; Russia); sulfuric acid, pure grade,
GOST 4204-77 (Chimmed; Russia); hydrochloric acid, pure
grade, GOST 3118-77 (Chimmed; Russia); sodium hydroxide
98% (Fluka; Switzerland; catalog number 71695); acetonitrile,
specifications 6-09-3534-87 (Chimservice; Russia).
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Absolute ether was prepared as described below. Briefly,
diethyl ether was washed in the saturated solution of calcium
chloride (50 ml of the solution per 1 L of ether) and dried for
48 h over calcium chloride precalcined at +120 °C for 24 h (130 g of
calcinated calcium chloride per 1 L of ether). The reagent was
filtered through a fluted paper filter into a dry flask; then, sodium
metal (1 g per 1 L of the reagent) was added to the flask.
The flask was closed with a holed stopper holding a calcium
chloride drying tube. Absolute ether was used to carboxylate
the Grignard reagent once hydrogen was no longer released
after sodium addition.

RESULTS

Linoleic acid labeled with '°C and "C at position 1 was
synthesized in two steps: 1) preparation of the Grignard reagent;
2) carboxylation of the Grignard reagent with *C and “C
dioxides.

Preparation of the Grignard reagent

The apparatus for synthesizing the Grignard reagent was set
up as shown in Fig. 1 (adopted from [25]).

A 250 ml three-necked flask was clamped on a stand; a
reflux condenser with a calcium chloride drying tube and a
pressure-equalizing dropping funnel were fitted into the side
necks of the flask. An electric stirrer was introduced into the
middle neck through an oil seal. Magnesium turnings (3.0 g)
and an iodine crystal were put inside the flask. High purity grade
argon was blown through the apparatus for 20 min. Then,
160 ml of absolute ether was added into the flask through
the dropping funnel, the stirrer was switched on, and 3.78 g
(12 mmol) of the 1-bromo-8,11-heptadecadien solution in
diethyl ether (80 ml) was added under weak argon flow. To
initiate the reaction, the flask was warmed over a water bath
until the ether started to boil. Once the reaction started, the
water bath was switched off and stirring continued until the
magnesium was completely consumed.

Carboxylation of the Grignard reagent with *C
and “C dioxides

Isotopically labeled acids were obtained through carboxylation
of the Grignard reagent using a high vacuum manifold with
ports for connecting a reaction flask, a CO, source, a mercury
column manometer, and tubes for nitrogen inlet/outlet to the
line. A cone-shaped three-necked reaction flask resistant to
freezing was equipped with a magnetic stirrer that allowed
carrying out reactions in vacuum at low temperatures (Fig. 2;
adopted from [25]).

The source of *C and “C dioxides was represented by
5.4 mmol of isotopically labeled barium carbonate (a weighted
amount of 1.071 g for the *C isotope and a weighted amount
of 1.076 g for the *C isotope) placed in a round-bottom flask.
The flask was connected to a pressure-equalizing dropping
funnel filled with concentrated sulfuric acid. This part of the
apparatus was connected to the vacuum manifold via a
desiccant-containing tube.

First, the apparatus was evacuated to 0.1 mmHg using
an oil pump and filled with dry nitrogen. Then, the Grignard
reagent solution prepared from 6 mmol of 1-bromo-8,11-
heptadecadien (half of the total synthesized amount) was taken
up into a prewashed dispenser pipette filled with nitrogen
and quickly injected into the flask. The free side neck of the
flask was closed with a stopper. The flask was cooled in liquid

nitrogen, and the apparatus was evacuated to 0.1 mmHg.
Then, the solution in the reaction vessel was thawed to =77 °C in
a mixture of dry ice and acetone, frozen in liquid nitrogen, and
the apparatus was again evacuated to remove nitrogen.

Carboxylation of the Grignard reagent was performed
at —20 °C under continuous stirring. To initiate liberation of
labeled CO,, concentrated sulfuric acid was slowly added
to barium carbonate through the dropping funnel, making
sure that the pressure did not exceed 500 mmHg. To finish
off liberation of labeled CO,, the reaction flask was carefully
heated until barium carbonate was completely dissolved.
After the Grignard reagent was depleted, manometer
readings indicated that CO, pressure in the apparatus was no
longer decreasing. For both '*CO, and “CO, the reaction was
completed in 15 minutes.

The reaction flask with the Grignard reagent was cooled
in liquid nitrogen to collect the remaining labeled CO,; the
stopcock connecting the apparatus to the source of labeled
CO,, was closed and the reaction mass was stirred for
15 min at =20 °C until labeled CO, was fully absorbed. Then,
the apparatus was filled with nitrogen and connected to the air
inlet tube. The obtained complex was decomposed by diluted
hydrochloric acid. The acidified mixture was extracted in ether.
The resulting ether extract was treated with 100 mM NaOH,

Fig. 1. The apparatus for preparing the Grignard reagent in argon atmosphere

9 10 @H’

High vacuum :l::&/ 5 5
11——'@%‘% %*1%% s
J| ¢
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5 )
4
14

Fig. 2. The apparatus for carboxylation of the Grignard reagent. 7 — source of
carbon dioxide; 2 — drierite-containing tube; 3 — high-vacuum manifold (tube
diameter of 13 mm); 4 — mercury column manometer; 5 — flask; 6 — 3-phase
magnetic stirrer (110 V); 7 — cooling bath; 8 — nitrogen inlet; 9 — glass joint,
28/12; 10 — stopcock, bore size 3 mm; 17 — stopcock, bore size 2 mm;
12 — ground-glass joint, 18/9; 13 — ground-glass joint, 14/35; 14 — ground-
glass joint, 14/20
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Fig. 3. The 'H-NMR spectrum of "“C-labeled linoleic acid

and the obtained alkaline solution was acidified to achieve
pH = 7.0. The released acid was filtered. The precipitate was
collected, washed in water and recrystallized from acetonitrile
at -20 °C (for linoleic acid, t, ., was assumed to be -11 °C).

The total mass of the synthesized '*C-linoleic acid equaled
1,459 mg (5.184 mmol). The final chemical yield of 1-bromo-
8,11-heptadecadien was 86.4%; the *CO, yield was 96.0%.
For the final product, the empirically measured freezing point
was -11.0 °C.

The total mass of the synthesized '“C-linoleic acid
was 1,480 mg (5.243 mmol). The yield of 1-bromo-8,11-
heptadecadien was 87.39%; the "*CO, yield was 97.1%. The
specific activity of “C-linoleic acid was measured using the
scintillation counter and equaled 45.36 + 0.02 mCi/g. Thus, the
total radiation and chemical yield was 96.0%. The final reaction
product had a freezing point at —=10.7 °C.

The synthesized *C- and '“C-linoleic acids were analyzed
by means of thin layer chromatography using Kieselgel 60 F254
plates; the ethyl acetate : n-hexane (1 : 1) eluent mixture was
used as a mobile phase (see Methods); the obtained linoleic
acids contained admixtures. *C-linoleic acid made up 98.2%
of the dry product weight after elution.

The ™H NMR spectrum of “C-linoleic acid was compared
to the reference spectrum of 1S/C, H,,0,/c1-2-3-4-5-6-7-8-9-
10-11-12-13-14-15-16-17-18(19)20/h6-7, 9-10H, 2-5, 8, 11-
17H,, 1H,, (H, 19, 20)/b7-6-, 10-9 described in the literature
[26]; the synthesized compound matched the structure of the
linoleic acid (Fig. 3).

DISCUSSION

The proposed method of synthesis of '*C- and “C-labeled
linoleic acids has a few strengths, including shorter reaction
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time, reduced loss of labeled CO, and increase in the total
chemical and radiation vyield. Importantly, the isotopically
labeled atoms are not distributed along the entire carbon chain
of acyl but instead occur only at position 1.

Shorter reaction time due to the optimization of reagents
ratios and measurements of the CO, pressure in the system
taken to check the completion of Grignard reagent carboxylation
ensured operational simplicity and cost-effectiveness of the
method. The method significantly increases the radiation and
chemical vyield of the product in comparison with other known
techniques [21-23]. The labeled isotope is almost entirely
included in the final reaction product, meaning that the amount
of radioactive waste is near zero. This makes the proposed
method appealing in terms of cost reduction, given that disposal
of long-lived radioactive waste is difficult and expensive.

The amount and purity of the synthesized *C- and "“C-linoleic
acids make them suitable for use in preclinical trials of acute,
subchronic, chronic and other types of toxicity [27]. Once the
safety of the compounds has been confirmed, they can be
recommended for clinical trials of hepatobiliary function breath
tests.

CONCLUSIONS

This paper describes a method of synthesis of '*C- and
“C-linoleic acids with carbon isotopes occurring at position 1.
The method is advantageously simple and consists of 2 steps
instead of 11 reported in other works. For *C, the radiochemical
yield of the method is very close to quantitative (96%), which
almost rules out the issues associated with radioactive waste
disposal. The method requires no sophisticated analytical and
preparative instrumentation, which may facilitate its adoption to
batch production.
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TRANSABDOMINAL ULTRASOUND AS A SCREENING STAGE FOR THE DIAGNOSIS
OF TUBERCULOUS PERITONITIS

Plotkin DV'2E< Kirillova OV', Nikanorov AVe, Reshetnikov MN', Shtykhno AQ', Loshkareva EQ?, Korotkova ES?, Sinitsyn MV'
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In recent years, the incidence of tuberculous peritonitis increased. Peritoneal tuberculosis is difficult to diagnose, and often the diagnosis is verified with significant
delay. In clinical practice, a quick and affordable diagnostic radiology method, ultrasonography (USG), is proposed for patients with suspected tuberculous
peritonitis. The study was aimed to describe the sonographic semiology of tuberculous peritonitis, to create the integrated scale for the individual peritoneal
tuberculosis sonographic symptoms significance assessment, and to determine the role of ultrasound imaging in the diagnosis verification. Retrospective study
of the invasive and ultrasound investigation results of 37 patients with confirmed tuberculous peritonitis was carried out in 2009-2019. Similar data obtained by
investigation of 28 patients with the disorders which often mimic the tuberculous peritonitis (peritoneal carcinomatosis and sarcoidosis, non-specific ascites) were
used as a comparison group. Direct and indirect signs of peritoneal lesion in patients with tuberculosis were identified. On the basis of that, an integral scale for
the individual sonographic symptoms significance assessment was created. Each sonographic symptom received a 0-3 score. Assessment of those sonographic
signs visualization allowed us to evaluate the probability of the disorder’s tuberculous etiology. The following data were obtained: score under 4 corresponded to low
probability, score 5-8 corresponded to medium probability, and score over 9 corresponded to high probability of tuberculous peritonitis based on the visualization
of all described songraphic symptoms. The proposed integrated scale for the sonographic signs assessment allows the clinician to verify the tuberculous peritonitis
diagnosis based on the ultrasound imaging data or to select the further tactics of diagnosis.
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TPAHCABAOMUWHAJIbHOE YNIbTPA3BYKOBOE CKAHUMPOBAHUE KAK CKPUHUHIOBbIN 3TAM
OVNATHOCTUKN TYBEPKYJIE3HOIO MEPUTOHUTA
0. B. Mnotkun'? = O, B. Kupunnosa', A. B. HukaHopog?, M. H. PetuetHiikos!, A. O. LLiTbixHo', E. O. Jlowkapesa?, E. C. KopoTtkosa?, M. B. CuHULIbIH'

" MOCKOBCKMIA FOPOACKON Hay4YHO-MPaKTUHeCKui LIeHTp 60pbobl ¢ Ty6epkyne3omM, Mockea, Poccus
2 POCCUNCKMIA HAUMOHaTbHBIN MCCNefoBaTENbCKUIN MEAVLIMHCKUIA yHUBEPCUTET UMmeHn H. . Muporosa, Mocksa, Poccust
3 MOCKOBCKMIN KNMHNYECKIIA Hay4HbIA LeHTp nvenn A. C. JlorvHosa, Mocksa, Poccus

3a nocnefHve roabl OTMEYEH POCT YMcna ClyyYaeB TyOepKyne3Horo neputoHuTa. Tybepkynes GptoLnHbI — CNOXHbIA O6BEKT ANS AVArHOCTUKA 1N HEPEAKO
BepudVKaLMS aparHo3a MPOVCXOAMUT CO 3HAYMTENbHBIMU 3adepKKamn. B KIMHUHECKON MpakTUKe MPEASIoKEH HEeMpPOLO/MKUTENBHBIA M AOCTYMHbIA METOA,
Jy4eBOW AMarHOCTVIKM NP NOA03PEHUM Ha TyOepKyneaHbIi NEPUTOHUT — ynbTpadBykoBoe nccneposanie (Y3W). Liensto paboTbl ObI10 onmcaTb 9X0-CEMUOTUKY
TyOEPKYNE3HOIrO NMEPUTOHNUTA C CO3AAHMEM UHTEMPASTbHON LLKabl OLIEHKN 3HAYMMOCTM OTAEMBHbIX 9XO-CUMMTOMOB TybepKynesa 6poLLnHbI 1 ONpeaenuTs Porb
Y3-ckaHnpoBaHnsa B Bepudukauum avarHosa. [1ponsBeaeH PeTpOCNeKTUBHDIA aHanM3 UHBa3WBHON 1 Y3-AnarHoCcTvkv 37 NauueHTOB C MOATBEPXXAEHHBIM
Ty6EpPKYNe3HbIM NEpPUTOHUTOM B neprof, ¢ 2009 no 2019 r. B ka4ecTBe rpynnbl CPaBHEHVS UCMONb30Ba/IM Takue >e AaHHble UCCnefoBaHuin y 28 60MbHbIX C
3a6051eBaHNSIMU, HacTO UMUTUPYIOLLWIMN TyGEPKYNE3HbIA NEPUTOHUT (KaHLIEPOMAaTO30M 1 CapKOMA030M OPHOLLIMHBI, HECTIELWIDUYECKVM acLTOM). BbioeneHs!
MPsSMblE Y1 KOCBEHHbIE MPVI3HAKW MOPasKeHNst OPIOLLIMHBI MPK TyBepKyese, Ha OCHOBaHWN STOro CO3faHa MHTerpasibHas Lkana OLEeHKN 3Ha4MOCTIN OTAEMNbHbIX
9XO-CUMMNTOMOB. C 3TOW LENblOo KaXXAOMY 9X0-CMMNTOMY nprcBavisany o1 O no 3 6annos. INMpu oueHke B1U3yanm3aumm OnmMcaHHbIX 9X0-MPU3HAKOB BOSMOXHO
MPOrHO3MPOBaTb BEPOSTHOCTL TYOEpKYNe3HON 3Tvonorum 3abonesaHns. TosyydeHbl Crnefytole CTaTUCTUHeCKNe [aHHbIe: HU3Kash BEPOSITHOCTb Hammyms
Ty6EpKyNEe3HOro NepUTOHUTA NMPU OLIEHKE BM3yann3aLm BCeX OMMCaHHbIX aX0-CUMMTOMOB — A0 4 6annoB, cpeaHss — oT 5 o 8 6annoB., Bbicokas 9 1 6onee
6annoB. PaspaboTaHHas MHTerpasibHasi cxema OLeHKM Y3-MpU3HaKoB MO3BOMSET KIMHULMCTY HAa OCHOBaHMM 9X0rpadHeCcKoro MCCcnefoBaHnsa BepumLMpoBaTh
TyOEpKyNe3HbIA NEPUTOHUT UK BbIOPATL AaNbHENLLYIO TaKTVIKY B AMArHOCTUHECKOM MOVICKE.

KntoueBble cnoBa: ynsTpassykoBoe UCCenoBaHie, Ty6epKymnes GpIOLLMHbI, MEePUTOHUT, KaHLEPOMATO3, CapKoma03
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After the 45-year neglection, tuberculous peritonitis showed
up again in European and Russian clinics. That was due to
HIV pandemic, people’s migration from endemic regions,
emergence of extensively drug-resistant mycobacteria
strains and drug-induced immunosuppression. Peritoneal
tuberculosis (primary peritonitis) is a chronic inflammatory
process with nonspecific clinical manifestations, which often
causes significant difficulties and a delay in diagnosis [1-3].
According to the vast majority of scientists, the most accurate
method of peritoneal tuberculosis verification is the diagnostic
laparoscopic biopsy of the abdominal cavity serous membrane
affected areas [4-5]. The growth of Mycobacterium tuberculosis
(MTB) from exudates demonstrates the positive result 4-6
weeks after inoculation only in 10% of cases, and PCR analysis
of effusion is informative in one-third of cases and also requires
invasive intervention [5-6]. In clinical practice, short-term and
affordable diagnostic radiology methods, ultrasonography and
computed tomography (CT), are the first choice for patients
with suspected tuberculous peritonitis [1, 7, 8], however, in
most cases, they do not allow one to identify the inflammatory
process in the peritoneum accurately.

Ultrasonography is the most harmless, efficient and cost-
effective imaging method which can help clinicians to make
decisions on the diagnosis and timely treatment of tuberculous
peritonitis. Today, transabdominal ultrasound plays an important
role in assessment of inflammatory, benign, and malignant
diseases of the peritoneum, both in outpatient and inpatient
settings. Medical literature describes different sonographic
signs allowing one to suspect tuberculous peritonitis, as well
as methods allowing one to distinguish between tuberculous
peritonitis and peritoneal carcinomatosis or nonspecific ascites
[7-11]. The accuracy of these methods depends on the
quallification and experience of the doctor, as well as the class
of equipment used. Over the past 10 years, most studies report
the individual observations of the TB-associated peritoneal
changes’ visualization. However, there is no analysis of the
prevalence of symptoms and their combinations [9, 11].

The study was aimed to describe the sonographic semiology
of tuberculous peritonitis, to create the integrated scale for
assessment of the significance of individual sonographic
symptoms of peritoneal tuberculosis, and to determine the role
of ultrasonography in the diagnosis verification.

OPUIMMHAJTIBHOE NCCJIEQQOBAHNE | OUATHOCTUNKA

METHODS

In 2009-2019, in the TB surgery department of the Hospital Ne
2 of the Moscow Research and Clinical Center for TB Control,
Moscow, a retrospective study of the ultrasonography results
of 37 patients with tuberculous peritonitis was carried out. The
main clinical manifestation was a large volume of effusion in
the abdominal cavity (exudative, adhesive, caseous and mixed
forms of tuberculous peritonitis). Inclusion criteria: peritoneal
tuberculosis diagnosed in all 37 patients via histological (100%)
and bacterioscopic (81.1%) examination of peritoneal biopsies
obtained using laparoscopic invasive methods. Among
hospitalized patients, males predominated (22 men, 59.5%; 15
women, 40.5%) aged 20-65 (median age 37.2). Twenty three
patients (62.7%) were HIV-positive, 34 patients (91.6%) had
pulmonary tuberculosis, mostly the infiltrative and disseminated
forms. Exclusion criteria: no histological confirmation of
peritoneal tuberculosis.

For the comparison group, the patients were selected with the
diseases verified using laparoscopy, histological and laboratory
analysis data, which most often mimic tuberculous peritonitis,
both in clinical picture and ultrasonography. The control group
included 28 patients with non-specific ascites of various origin
(21 patients; 75.0%), peritoneal sarcoidosis (1 patient; 3.5%)
and peritoneal carcinomatosis (6 patients; 21.5%). The patients
were aged 29-54 (median age 36.1). Pulmonary tuberculosis
was diagnosed in all patients, 10 patients (35.7%) of the control
group were HIV-positive. Exclusion criteria for the control group:
tuberculous granulomas and acid resistant mycobacteria in the
peritoneal biopsy; mycobacterial DNA positive effusion PCR-test.

The patients were examined using polypositional
radiography, thoracic computed tomography, abdominal
ultrasonography, diagnostic video-assisted laparoscopy,
laboratory and morphological techniques. Diagnostic studies
were expanded using histological, cytological, and molecular
genetic analysis of intraoperative material (biopsies and
exudate). Microbiological studies included Ziehl-Neelsen (ZN)
microscopy for acid-fast bacilli examination, inoculation of solid
and liquid media using the automated systems.

Abdominal ultrasonography was performed using the
Toshiba Aplio 500 expert-class ultrasound system (Toshiba;
Japan) and the LOGIC ER7 portable imaging system (General

Fig. 1. Tuberculous peritonitis. A. Sonogram: 1 — paretic bowel loops, 2 — exudate. B. Sonogram: 1 — intra-peritoneal caseous abscess, 2 — tubercle, 3 — parietal
peritoneum striated pattern. C. Laparoscopy. D. Sonogram: heterogeneous fibrinous effusion and paretic loops of the small intestine
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Fig. 2. Tuberculous peritonitis. A. Laparoscopy: fibrin overlays forming septa. B. Sonogram: 1 — intestinal loops, 2 — exudate, 3 — fibrin strands forming septa.
C. Sonogram: tubercle (7 mm). D. Laparoscopy: tubercles on the parietal peritoneum

Electric; Republic of Korea) working in the grayscale, real-time
mode. Abdominal cavity examination was carried out using
the 2.5-5.0 MHz convex probe for assessment of presence
and prevalence of free fluid, as well as the spleen and liver
state. High-frequency linear probe (10-15 MHz) was used for
evaluation of the intestinal loops, mesentery, greater and lesser
omentum, lymphatic apparatus state.

Elective surgery (laparoscopic-assisted biopsy or
laparotomy) was performed in patients with ascites of unknown
origin or in order to clarify the nature of the pathological process
detected by ultrasound imaging and computed tomography.
Emergency surgery was performed in patients with clinical
picture not allowing one to exclude peritonitis.

The criterion for the diagnosis verification was the
detection of tuberculous granulomas in the peritoneum biopsy
specimens, acid-fast bacilli during bacterioscopic examination
and a positive result of PCR testing of effusion, as well as a
combination of these signs.

Statistical analysis of the results was performed using
standard statistical methods and the Statgraphics Centurion

18 software package (Statgraphics Technologies, Inc.; USA),
Python 3.6 language (Python Software Foundation; USA) and
Bayes' theorem [12]

RESULTS

To evaluate the sonographic symptoms of tuberculous
peritonitis, we identified the following direct signs that were
related to the inflammatory process in the serous leaflets and
the associated exudation: presence of free fluid and its location
in the abdominal cavity, exudate homogeneity, fibrin septa or
incomplete septa in the abdominal cavity, striated pattern and
heterogeneity of peritoneum and omentum, tubercles in serous
leaflets.

Indirect signs of the peritoneum tuberculous lesions
include the intestinal loops changes, spleen enlargement and
heterogeneity, and the visualization of the enlarged mesenteric
lymph nodes groups. Indirect signs do not reflect the
inflammatory process in the peritoneal membranes, but may be
the result of long-term ascites (thickening of the bowel walls),

Table 1. Direct and indirect signs of tuberculous peritonitis (the significance level is 0.95)

Sonographic sign

Tuberculous peritonitis

Ascites and carcinomatosis ’
Sign character

n=237 n=28
Free fluid in all abdominal cavity parts 51.4% + 16.1 82.1% + 14.1
Free fluid in pelvis and between intestinal loops 21.6% +13.2 3.6% + 6.8
Encysted fluid 27.0% +14.3 14.3% +12.9
Heterogeneous effusion 75.7% + 13. 8 3.6% +6.8 Direct signs
S;rclja;?;iez:taltjtrirrezzgt:eterogenelty of the parietal peritoneum 37.8% + 15.6 0
Intra-peritoneal caseous abscesses 2.7% +1.6 0

24.3% +13.8
18.9% +12.6
16.2% = 11.9
13.5% = 11.0
51.4% + 16.1
27.0% +14.3
8.1% + 8.8

10.7% + 11.5
21.4% +15.2
10.7% + 11.5
71.4% £ 16.7
14.3% +12.9
82.1% + 14.2
85.7% + 12.9

Peritoneal tubercles

Bowel wall thickening

lleus

Splenomegaly

Indirect signs
Enlarged and heterogeneous mesenteric lymph nodes

Enlarged liver and vascular pattern depletion

Expansion of the portal vein and diffuse changes of the liver
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Fig. 3. Granulomatous peritonitis and carcinomatosis. A. Sonogram: peritoneal carcinomatosis associated with sigmoid colon cancer. 1 — disseminated tumors
(17 and 8 mm), 2 — ascites. B. Sonogram: encysted ascites associated with ovarian cancer. C. Laparoscopy: parietal peritoneum carcinomatosis. D. Laparoscopy:

peritoneal sarcoidosis

as well as the effect or specific lymphadenitis and splenitis in
patients with abdominal tuberculosis.

When performing the abdominal ultrasound, various volumes
of free fluid were detected in all patients with tuberculous
peritonitis. The effusion in all parts of the abdominal cavity was
visualized in 19 patients (51.4%). In eight patients (21.6%),
free fluid was localized mainly in the pelvis and between the
loops of the small intestine, and in 10 patients (27.0%) the
encysted free fluid was revealed together with the formation of
incomplete or complete septa from fibrin layers. The effusion
heterogeneity due to freely floating layers of fibrin and small
fibrin sequestra with a diameter of up to 6-8 mm was noted
in the vast majority of patients (75.7%). Striated pattern
and heterogeneity of certain areas of parietal peritoneum
leaflets (primarily in the ileocecal region) were observed in
14 patients (37.8%), moreover, in one patient, the caseous
foci were visualized inside the anterior abdominal wall (Fig. 1).
Heterogeneity and striated pattern of the greater omentum
were found in 9 patients (24.3%). Tubercles characteristic of
tuberculous peritonitis were visualized in 9 patients (24.3%).
The tubercle size varied between 5-9 mm, tubercles were

described as hyperechoic avascular foci with uneven contour
rising above the parietal peritoneum (Fig. 1, 2).

The other features allowing one to suspect tuberculosis as
the cause of peritoneal changes included the sonographic signs
of the visceral peritoneum, spleen and mesenteric lymphatic
apparatus involvement in the pathological process. Bowel wall
changes were registered in 7 patients (18.9%). Most comminly,
there was a local thickening of the intestinal wall exceeding
3 mm with its length within 45-60 mm. In 6 patients (16.2%), the
expansion of the intestinal lumen of more than 33-35 mm and
the weakening or complete absence of peristalsis were revealed,
which was considered a paralysis. Enlarged mesenteric lymph
nodes (more than 10-16 mm in diameter) with a heterogeneous
structure were detected in 19 patients (51.4%). Splenomegaly
with spleen heterogeneity was observed in 5 patients (13.5%).
Comparison of the control group patients’ ultrasonography
results is presented in Table 1.

To create an integrated scale for assessment of the
tuberculous peritonitis probability using ultrasongraphy, all
variants of signs (sonographic symptoms) combinations were
considered. For that, each sonographic symptom received a 0-3

Table 2. Integral table of sonographic symptoms occurrence in patients with tuberculous peritonitis

Sonographic sign

Score

Free fluid in all abdominal cavity parts

Free fluid in pelvis and between intestinal loops

Encysted fluid in the abdominal cavity with septa

Heterogeneous effusion with fibrin fragments

Striated pattern and heterogeneity of the parietal peritoneum and omentum leaflets

Intra-peritoneal caseous abscesses

Peritoneal tubercles, diameter up to 9 mm

Peritoneal tubercles, diameter over 9 mm

o|lwlwlw|INnpvINM]|O

Indirect signs: bowel wall changes and mesenteric lymphadenopathy

Tuberculous peritonitis probability

High

Medium

Low

Score > 9

Score 5-8

Score < 4

BECTHUK PIrMY | 2, 2020 | VESTNIKRGMU.RU




ORIGINAL RESEARCH | DIAGNOSTICS

score. The 1st three signs (free fluid distribution) determined the
1st complete event space, probability (effusion in the abdminal
cavity). Tubercles of various sizes could be considered the 2nd
complete event space (based on the tubercle size). The other
signs (heterogenous effusion with fibrin fragments, striated
pattern and heterogeneity of parietal peritoneum and omentum
leaflets, intra-peritoneal caseous abscesses) were independent.
Next, calculations were made for all features combinations
using Python 3.6 language and Bayes' theorem, allowing
one to determine the probability based on the data provided.
Assumptions about the approximation of binomial distributions
to normal and the conclusion on the inclusion of patients in the
groups (low, medium, high probability) were made using the
stats and numpy libraries (Table 2.).

DISCUSSION

Thus, it can be noted that the visual signs of tuberculous
peritonitis, benign peritoneal granulomatosis (sarcoidosis), non-
specific ascites, and peritoneal carcinomatosis are very similar and
in most cases confront the researcher with a choice of diagnosis.

Our experience of ultrasound scanning in patients
with tubercolous peritonitis, and the literature data [7-
10] demonstrate that the main sonographic symptom is
the presence of heterogenous free of encysted fluid in the
abdominal cavity (75-80%). A characteristic feature that allows
one to distinguish tuberculous peritonitis from non-specific
ascites is the more frequent (about 75%) visualization of fibrin
sequestrations freely floating in the exudate, which in sometimes
form complete or incomplete septa causing the encysted
effusion (Fig. 2). Nevertheless, similar sonographic features
also occur in 50% of patients with peritoneal carcinomatosis
[13]. Conversely, in patients with carcinomatosis, there is a high
probability of disseminated tumors detection with a diameter of
5-18 mm (Fig. 3). Accoding to our data, similar hyperechoic foci
on the peritoneum can also be detected in patients with benign
granulomatosis, for example, with sarcoidosis (Fig. 3), which
also does not give any reason to consider this feature specific.
Tubercles in the peritoneum usually have a smaller diameter,
and the maximum tubercle size is up to 9 mm (median value
4-6 mm) [11, 13-16]. A more reliable sonographic symptom
of tuberculous peritonitis is the heterogeneity (striated pattern)
of the parietal peritoneum and omentum areas, however,
this symptom can be determined in just over one third of all
cases. The most common finding is the extended hypoechoic
thickening of the serous parietal leaflet (4-8 mm), which is
associated with chronic inflammation. According to a number
of authors, this variant of the thickened peritoneum is probably
associated with tuberculosis [8, 17-20] and is less common in
patients with peritoneal carcinomatosis, where the thickening
of the serous membrane is most often small and nodular [20].
Various authors are equally likely to describe the involvement of
the greater omentum and its changes as a characteristic sign of
tuberculous omentitis or carcinomatosis, therefore we consider
this symptom to be specific for both disorders, given that it is
rarely possible to visualize the omental changes (less than 25%
of observations) [21].

Indirect signs of peritoneal damage, such as
lymphadenopathy with adenomegaly, occur in half of patients
with tuberculous peritonitis, which reflects the pathogenetic
charater of lymphogenous dissemination in the peritoneal
leaflets. The mesenteric lymphatic apparatus changes are
most often destructive, and the lymph nodes are visualized as
grouped anechogenic rounded foci with a diameter exceeding
10 mm. According to the literature, the prevalence of joint

lesions of intra-abdominal lymph nodes and peritoneum is 10—
54% [22-24].

Thus, it is clear that tuberculous peritonitis does not have
any reference or unique sonographic symptoms, which makes
it extremely difficult to diagnose it using ultrasound imaging.
At the same time, various combinations of some direct and
indirect signs increase the probability of the ultrasound image
correct interpretation in patients with peritoneal tuberculosis.

Based on the calculations and the probability distribution, the
following data has been obtained: score under 4 corresponds
to low probability, score 5-8 corresponds to medium probability,
and the score over 9 corresponds to high probability of
tuberculous peritonitis based on the visualization of all described
songraphic symptoms. Based on the sum score obtained after
the ultrasound scanning, a diagnostic algorithm can be proposed
that clearly indicates further diagnostic and treatment strategies for
each combination of sonographic symptoms, and for patients with
HIV and/or pulmonary tuberculosis (Fig. 4).

CONCLUSION

The obtained integrated scale for the sonographic signs
assessment is quite simple and allows the clinician to select the
further tactics of diagnosis based on the ultrasound imaging
results and to start the treatment in a timely manner. The
proposed scheme may also complete the diagnostic search
algorithm for any form of ascites or granulomatous peritonitis.
Due to the clinical symptoms non-specificity and the
subacute course, the diagnosis of peritoneal tuberculosis
remains a difficult task. Transabdominal ultrasound, which
is affordable and commonly used in medical practice, can
become a first-line screening test for verification of tuberculous
peritonitis. Peritoneal tuberculosis should be taken into account
in all cases of differential diagnosis of patients with unclear
ascites, pulmonary tuberculosis and immunosuppression.

sarcoidosis) peritonitis or carcinomatosis

[ Screening transabdominal ultrasound j

[ Clinical symptoms of ascites, granulomatous (tuberculosis, j

score <4 score 5-8 score >9
No HIV and HIV/tuberculosis No HIV and HIV/tuberculosis
pulmonary or respiratory pulmonary or respiratory
tuberculosis tuberculosis tuberculosis tuberculosis

Carcinomatosis, Diagnostic
laparoscopic biopsy. | _,
Diagnosis
verification

Tuberculous peritonitis.
Start/continue anti-TB
treatment

granulomatous
peritonitis, non-specific
ascites

Therapy is
effective

Therapy has
no effect

Fig. 4. Tactical algorithm for the tuberculous peritonitis diagnosis
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OPTIMIZATION OF A SINGLE-EMBRYO TRANSFER IN PATIENTS
WITH GOOD OVARIAN RESERVE

Saraeva NV'? B Spiridonova NV', Tugushev MT', Shurygina OV', Sinitsyna Al', Korchagin AO?

' Samara State Medical University, Samara, Russia
2 IDK Medical Company, the Mother and Child group, Samara, Russia

Due to refinements of assisted reproductive technology, the number of multiple pregnancies has increased substantially. Time-lapse microscopy (TLM) is a tool
for selecting quality embryos for transfer. This study aimed to assess the outcomes of single-embryo transfer of autologous oocytes performed on day 5 of
embryo incubation in a TLM-equipped system in patients with good ovarian reserve. The study was carried out in 208 infertile women with good ovarian reserve
(over 8 oocytes retrieved). Single-embryo transfer following incubation in a TLM-equipped incubator was performed in 95 patients, who formed the main group;
the control group consisted of 113 patients undergoing single-embryo transfer following a traditional culture and embryo selection procedure. We assessed the
quality of transferred embryos, the rates of clinical pregnancy and pregnancy loss. Two subgroups were identified in each group of the participants: the 5SET
subgroup (nonelective single-embryo transfer), which included 45 patients from the main group and 67 controls, and the 5eSET subgroup (elective single-embryo
transfer), which consisted of 50 main group patients and 46 controls. The groups did not differ in terms of age, infertility factors and infertility duration. The quality
of transferred embryos was excellent or good in all main group patients (100%); in the control group, the quality of transferred embryos was excellent or good in
93.8% of cases (p = 0.037). Clinical pregnancies were achieved in 64.2% of women in the main group and in 60.2% of controls (p = 0.65). Delivery rates were
54% and 51.1% in the 5eSET and 5SET subgroups of the main group, respectively (o = 0.940). For the control group, delivery rates were 54.4% and 34.3% in
the 5eSET and 5SET subgroups, respectively (o = 0.052, Fisher exact test). Elective single-embryo transfer (5eSET) and the use of TLM increased the chance of
pregnancy 2.17-fold (p = 0.01).
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OoNnTMMU3ALNA NEPEHOCA OAHOINO 3MBPUOHA Y NMALMEHTOK
C XOPOLLUM OBAPUAJIbHbIM PESEPBOM

H. B. Capaesa'?™ H. B. Crmpugorosa’, M. T. Tyrywes', O. B. LLypbirvHa', A. . CunmupiHa’, A. O. KopyarH?

" CamapcKuii rocyaapCTBeHHbIN MeauUMHCKIMA yHnBepcuTeT, Camapa, Poccus
2 «MeamumHekas komnanns NOK», rpynna komnaHuin «Matb 1 Quts», Camapa, Poccust

CoBepLLEHCTBOBaHWE BCMIOMOraTeNbHbIX PENPOLYKTUBHBIX TEXHOMOMMIA MPUBENO K POCTY HKCna Cny4aes MHOronnofaHon 6epemeHHocTV. OfWH 13 UHCTPYMEHTOB
BblOOpa Ka4eCTBEHHOrO aMOpKOHa Ha NepeHOC — 1cnonb3oBaHne time-lapse Mukpockonum (TLM). Llensto paboTbl 6bI10 OLEHWTL MCXOAbI NepeHoca OAHOro
3MOpVIOHa Ha NATbIE CYTKU KYNBTUBMPOBAHNSA Yy MaLMEHTOK C XOPOLLMM OBapuaibHbIM pe3epBomM B nporpammve IKO ¢ ncnonbdosannem TLM. Viccnegosanu 208
YKEHLLWH C Becrniofmem, C XOPOoLLMM oBapuasibHbIM PE3EPBOM (NP NYHKLMM hONAMKYNIOB MOSly4eHO 6onee BOCbMM 00LMTOB): y 95 NaumeHToK MpoBeny NepeHoc
OfHOro 3aMBPKMOHA C 1CMoNb30BaHMeM cuctemMbl TLM (rpynna nccnenosanns); y 113 maumeHToK — C MCNob30BaHMEM TPaAVLIVIOHHOTO KyNETVBMPOBaHUS 1 Bbibopa
3aMbBproHa Ana nepeHoca (rpynna KoHTpons). [NpoBeaeHa oueHka kadecTBa NePeHOCUMbIX SMOPVOHOB, YaCTOTbl HACTYNNEHNSA KIMHNHECKO 6epeMEHHOCTU,
4aCTOTbl [OCTVPKEHNSI POLOB 1 Cry4aeB NoTepun 6epeMeHHOCTU. B Kaxk[ol rpynne BblAeneHbl ABe NOArpynmbl: C HEANEKTUBHBIM MEPEHOCOM OHOMO aMOPUOHa
(noarpynna 5SET: 45 nauneHTOK B rpynne nccnenoBaHns, 67 — B KOHTPOSBHOM) U C aNekTVBHbIM (nogrpynna 5eSET: 50 nauneHToK B rpynne UccnesoBaHns,
46 — B KOHTPOJIbHOW). MpynMbl He pasnn4anncb No cpegHeMy BO3pacTy, hakTopy Gecnnogus, onutensHoctv becnnogus. B rpynne nceneposaqnsa 8 100%
Cry4aeB NepeHeceHbl SMOPUOHbI XOPOLLIErO 1 OT/IMYHOMO Ka4ecTBa, B rpynmne KoHTpons — B 93,8% (o = 0,037). YacToTa HaCcTynnenuns KIMHUYeCKo 6epemMeHHOCTH
cocTasuna 64,2% B ocHoBHoW rpynne 1 60,2% — B KOHTponbHON (p = 0,65). B rpynne nccnepoBaHvst Yactota pofgoB coctaBuna 54% B nogrpynne 5eSET n
51,1% — B noarpynne 5SET (p = 0,940). B rpynne koHTpona B nogrpynne 5eSET vactota popos coctasuna 54,4%, a B noarpynne 5SET — 34,3% (p = 0,052
no metoay ®duiepa). MNMpoBeaeHVe aNeKTUBHOIO NepeHoca ambpuoHa (5eSET) nnm ncnonb3osaHve TLM noBbIWano BeposiTHOCTL poaos B 2,17 pasa (o = 0,01).

KniouyeBble cnoa: BCrioMmoraresnbHble PenpoayKTMBHbIE TEXHOSOMMN, NMEPEHOC OAHOIro 3M6pI/IOHa, ANEKTVBHBIN nepeHoc 6J'IaCTOLI,I/ICTbI, time—lapse MMNKPOCKOMUA
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Due to advancements in assisted reproductive technology
(ART), implantation rates have significantly improved in the past
15-20 years, resulting in an increased incidence of multiple
pregnancies. A multiple pregnancy is a recognized high-risk
factor for obstetric and neonatal complications [1-3]. Therefore,
transfer of a single embryo, as opposed to multiple embryos, is
a top-priority task in ART-based infertility treatment [4, 5].

Selecting an embryo with the best developmental potential is
crucial to ART success. Selection allows reducing time to pregnancy
and simplifies embryo grading for cryopreservation, which, in turn,
ensures that high-quality embryos are transferred first [6, 7].

Since the advent of in vitro fertilization (IVF), morphological
evaluation has been the primary method exploited by
embryologists to assess the development of human embryos
and identify those with the highest implantation potential. Later,
grading systems were proposed to estimate the viability of
embryos, but their practical application was impeded by the
rapid pace of embryo development in the preimplantation
phase. In other words, it is possible that an embryo evaluated
at 8:00 am will look very different in only a few hours [8]. So, it is
very difficult to offer correct interpretation of the morphological
data without analyzing the dynamicsdynamics of embryo
development at a number of different time points.

Introduction of time-lapse microscopy (TLM) into IVF
laboratories heralded a new age in embryology. TLM is a modern
technique of embryo selection for subsequent implantation. It
is used for continuous evaluation of embryo morphology in a
series of images taken every few minutes [9-11].

Published reports on TLM results are conflicting. A
retrospective study has demonstrated that incubation of human
embryos in the EmbryoScope system can improve live birth
rates whereas traditional culture techniques can negatively
affect the development of embryos and their implantation
potential [12]. Other retrospective and prospective studies point
to the advantages of this promising technology [13-16], as well
as to the absence of differences in outcomes in comparison
with the conventional technique for morphological evaluation
[17,18].

The aim of our study was to assess the outcomes of single-
embryo transfer following embryo incubation in a TLM-equipped
incubator in patients with good ovarian reserve undergoing IVF.

METHODS

The study was conducted in 208 infertle women receiving a
single-embryo transfer as part of their IVF treatment at the IDK
Medical Company (Samara) in 2013-2015.

We analyzed 208 patients’ clinical and embryo protocols
using SPSS21 Statistics (License 20130626-3; IBM Company;
USA) and Microsoft Excel (Microsoft; USA).

The following inclusion criteria were applied: participation
in the IVF program, fresh autologous IVF cycles with 8 or
more oocytes retrieved per cycle, embryo transfer on day 5 of
incubation, and endometrial thickness of = 8 mm on the day
of transfer.

Exclusion criteria: participation in the ICSI program, donor
oocyte cycles (with < 8 oocytes), frozen-thawed embryo
transfer, transfer on day 3 of incubation, multiple (2) embryo
transfer, endometrial thickness of < 8 mm on the day of transfer.

There was no age limit applied. The lowest age was 20
years, whereas the highest, 42 years.

The patients were divided into two groups. The main group
comprised 95 patients with good ovarian reserve undergoing a
single-embryo transfer following embryo incubation in a TLM-
equipped system.

The control group consisted of 113 patients with good
ovarian reserve undergoing a single-embryo transfer following
conventional embryo incubation and selection. The average age
of the participants, infertility factors, the duration of infertility, and
the number of the current IVF program did not differ between
the groups. The average age was 31.40 + 0.38 and 30.65 + 0.37
years in the main and control groups, respectively (o > 0.05).

In the main group, embryo cultures were monitored using a
Primo Vision time-lapse system (Vitrolife; Sweden).

In both groups, embryo quality was assessed using
the alphanumeric blastocyst grading system proposed by
Gardner and Schoolcraft in 1999 [19]. Grades AA, AB and BA
represented excellent quality blastocysts; grade BB indicated
good quality; grades AC, CA, BC, CB, and CC were considered
to be satisfactory quality blastocysts.

Two subgroups were identified in each group based on
the type of embryo transfer: a subgroup of nonelective single-
embryo transfer on the 5th day of culture (the 5SET subgroup,
which included 45 patients from the main group and 67
women from the control group) and a subgroup with elective
single-embryo transfer on the 5th day of culture (the 5eSET
subgroup consisting of 50 patients from the main subgroup and
46 controls). A transfer was classified as elective if there were
2 or more excellent quality embryos to choose from.

In the main group, embryos were selected for transfer based
on theirmorphokinetic parameters. The following developmental
events were assessed: time of the first cleavage division; an
interval between the first and second divisions; time of the third
cleavage; time of blastocyte formation. If these parameters fell
within the reference range of the Primo Vision system and the
embryo was of excellent or good quality, it was selected for
transfer (a reference-positive embryo). The reference-positive
subgroup comprised 52 patients. If one or more parameters of
embryo development did not fall within the system’s reference
range, the standard morphological assessment technique for
embryo selection was applied (a reference-negative embryo).
The reference-negative subgroup included 43 patients.

In both groups, the embryos were cultured in a Continuous
Single Culture medium (Irvine Scientific; USA). Embryo quality
was assessed on day 5 of incubation, 116-118 h after
fertilization.

RESULTS

We assessed the quality of transferred embryos and calculated
the rates of successful pregnancies, delivery and pregnancy loss.

Patients of late reproductive age (= 35 years) made up
21.05% of women in the main group and 23.89% of women
in the control group (p > 0.05). Because the study included
only females with good ovarian reserve and a single-embryo
transfer, our sample was dominated by patients of early
reproductive age.

The average number of retrieved oocytes was 11.87 + 0.32
and 12.49 + 0.40 in the main and control groups, respectively
(o > 0.05).

It is known that the quality of transferred embryos
significantly affects the chance of pregnancy in patients
undergoing IVF treatment. It is reported that transfer of excellent
or good quality embryos results in much higher pregnancy rates
than observed for satisfactory quality embryos [20]. In the main
group, transferred embryos were of either good (16) or excellent
(79) quality in 100% of cases. In the control group, good (18)
or excellent (88) quality embryos were transferred in 93.8% of
cases (p = 0.037) (Fig. 1). Satisfactory quality embryos were
transferred to 7 patients in the control group (6.2%).
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Fig. 1. Embryo quality in the main and control groups

The analysis of embryo quality did not reveal any significant
differences between the reference-positive and reference-
negative subgroups. In the reference-positive subgroup, 87.5%
of embryo transfers were performed with excellent quality
embryos, whereas in the reference-negative subgroup, the
proportion of such cycles was 78.95% (p = 0.44).

Thus, the clinical pregnancy rate did not differ between the
groups and was 64.2% in the main group and 60.2% in the
control group (p = 0.65) (Table 1).

Live births accounted for 52.6% and 42.5% of all embryo
transfer outcomes in the main and control groups, respectively
(o > 0.05). Early pregnancy loss (biochemical pregnancy and
pregnancy loss before gestational week 12) was observed in
11.6% of cases in the main group and in 17.7% of cases in the
control group, but this difference was statistically insignificant.

No statistically significant differences were noted between
the reference-positive and reference-negative subgroups in
terms of clinical pregnancy rates (66.7% vs 60.5%, respectively)
and delivery rates (50% vs 52.6%, respectively).

According to the literature, elective embryo transfer
increases the probability of a positive outcome [21]; therefore,
we decided to compare the delivery rate among patients who
had undergone different types of transfer.

In the 5eSET subgroup (elective single-embryo transfer) of
the main group, the delivery rate reached 54%; in the 5SET
subgroup (nonelective single-embryo transfer), it was 51.1%
(o = 0.940) (Fig. 2). In the control group, this parameter was

Table 1. Outcomes of embryo transfer in the main and control groups

Control group

significantly affected by the type of transfer: the delivery rates
for the 5eSET and 5SET subgroups were 54.3% and 34.3%,
respectively (o = 0.052, Fisher exact test). The difference in the
delivery rate was 20.1 % (95%CI 1.5-37%), with OR = 2.28
(95%CI 1.06-4.91). Thus, the delivery rate was high in the TLM
group, regardless of the type of transfer (54.0% and 51.1%),
and did not differ significantly between the subgroups.

Considering this finding, we analyzed a possible
correlation between the positive outcome of an IVF cycle
(live birth) and the following factors: the absence/presence of
TLM and the type of embryo transfer (elective or nonelective;
Table 2).

The delivery rate was as high as 53.2% in the group with the
combination of two factors (5eSET in both groups and 5SET
in the main group), whereas in the control group, it was lower
(84.3%) (p = 0.01; OR = 2.17 (1.19-3.97)). Thus, it could be
hypothesized that there is a positive trend showing an increase
in live births in patients undergoing IVF treatment aided by TLM
regardless of the embryo transfer type.

DISCUSSION

The TLM technology minimizes exposure of the incubated
embryo to environmental factors, which might be a contributor
to a higher implantation potential. Continuous monitoring within
short time intervals provides more information about the kinetics
and morphology of embryos in comparison with traditional

Main group Control group X2 p
Abe. % Abe. %
No 34 35.8% 45 39.8% 0.2 0.65
Pregnancy
Yes 61 64.2% 68 60.2%
No pregnancy 34 35.8% 45 39.8% 3.7 0.443
Early loss of pregnancy 11 11.6% 18 15.9%
Outcomes Late loss of pregnancy 2 1.8%
Preterm delivery 1 1.1% 1 0.9%
Delivery at term 49 51.6% 47 41.6%
No 45 47.4% 65 57.5% 1.7 0.186
Childbirth
Yes 50 52.6% 48 42.5%
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Fig. 2. Delivery rate depending on the type of the embryo transfer

morphological evaluation. So far, reports of the impact of TLM
on IVF outcomes are conflicting.

We discovered that the quality of blastocytes in the TLM
group was higher than in the case of traditional morphological
evaluation, which is consistent with the findings of other authors
[22, 23]. A study reports that in patients with good ovarian
reserve, the proportion of good quality blastocytes and the
number of cryopreserved embryos per patient was significantly
lower in the control group than in the TLM group (50.7% and
1.72 + 1.55 vs 60.1% and 2.64 + 2.59, respectively; p < 0.05);
however, no statistically significant differences were observed
in the number of good quality embryos on day 3 of incubation,
as well as in the rates of clinical pregnancy and implantation
[23]. In our study, patients did not differ in terms of age,
infertility factors and infertility duration; therefore, it could be
hypothesized that the difference in the proportion of good and
excellent quality embryos can be attributed to the absence of
impact of environmental factors (ambient temperature, light, pH
conditions) in the TLM group.

The efficacy of TLM might be determined by 2 factors: stable
incubation conditions (there is no need to remove an embryo from
an incubator for morphological evaluation) and the possibility of
selecting an embryo for transfer using specialized software [24].

According to a recent Cochrane review that analyzed the
data on 2,995 couples, there is no convincing evidence about
the advantage of TLM over the conventional culture technique:
no significant differences were observed in terms of clinical
pregnancy rates (OR 0.95; 95%Cl 0.78-1.16) and live birth
rates (OR 1.12; 95%Cl 0.92-1.36) [25].

By contrast, in a meta-analysis of data of 1,637 patients,
TLM was shown to have an advantage over traditional
incubation and morphological evaluation procedures [26]. This
study reports high rates of clinical pregnancies (51.0 vs 39.9%;
OR 1.54, 95%Cl 1.21-1.97) and live births (44.2 vs 31.3%;
OR 1.67, 95%CI 1.13-2.46) and lower rates of pregnancy loss
(15.8 vs 21.3%; OR 0.66, 95%CI 0.47-0.94).

W Delivery yes

W Delivery no

5eSET
Control group

5SET

In our study, pregnancy rats were high in both groups
(64.2% in the main group and 60.2% in the control group),
which may suggest the absence of TLM negative effect on the
incubated embryos. The use of time-lapse microscopy resulted
in a reduction in the number of early pregnancy losses.

The absence of differences between the groups in terms of
pregnancy rates, delivery rates and early pregnancy loss in our
study might be associated with a small sample size (95 patients
in the TLM group).

In another retrospective cohort study, the TLM group
demonstrated an increase in clinical pregnancy rates (+15.7%
per embryo transfer) [27]. However, unlike ours, that study was
heterogenous in terms of patient sample (IVF cycles with donor
oocytes were also included), number of transferred embryos
(1-3) and time of transfer (in the majority of cases in the TLM
group transfer was performed on day 3 of incubation, which
decreased the overall pregnancy rate). In the TLM group, clinical
pregnancies achieved after performing transfer of retrieved
oocytes on the 5th day of culture were observed in 50% of
cases, whereas for our patients, the pregnancy rate (embryo
transfer on day 5 of incubation) was as high as 64.2%. One of
the strengths of our study is a prognostic mathematical model
developed by the authors of this work. The model predicted
a 15.7% increase in pregnancy rates per transfer achieved
through the use of TLM. Ever better outcomes can be achieved
by increasing the number of IVF cycles with TLM to > 200.

Like many technological advances, TLM may not ensure
immediate results in every laboratory, and some standardization
might be required. Indeed, TLM does not always demonstrate
an advantage in terms of embryo selection [22]. However, its
growing value for continuous incubation and embryo biopsy
scheduling cannot be overestimated [28, 29].

At present, there are attempts to integrate artificial
intelligence into TLM in order to identify the right combination
of parameters predicting the potential of the embryo for
implantation and live birth [24].

Table 2. Delivery rates in the absence/presence of TLM for different types of embryo transfer

Transfer type ,
Delivery 5eSET in both groups + 5SET in the main group 5SET in the control group X P
Abs. % Abs. %
No 66 46.8% 44 65.7% 5.75 0.01
Yes 75 53.2% 23 34.3%
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CONCLUSIONS

Our study did not reveal any differences in the rates of clinical
pregnancies, delivery and early pregnancy loss between the
TLM group and patients with traditional embryo incubation. This
might be explained by a small number of patients in the TLM
group. With TLM incubation, delivery rates were high regardless
of the type of embryo transfer (selective or nonselective) and
there were no differences in terms of pregnancy rates and
early pregnancy losses. With traditional embryo incubation and
selection, the transfer type significantly affected the delivery
rate: in the elective transfer subgroup, the delivery rate was
higher than in the nonelective transfer subgroup (p = 0.052;
Fisher exact test). Performing elective embryo transfer on day 5
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BORDERLINE OVARIAN TUMORS IN PREGNANCY
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Borderline ovarian tumors (BOTs) are common in women in their reproductive years. In more than one-third of patients tumors are detected at the age of 15-29,
the average age at initial diagnosis is 40. The study was aimed to improve methods for BOTs diagnosis in pregnancy and to determine the possibilities of organ
preservation treatment. A group of 300 pregnant women with various tumor-like formations and ovarian tumors was examined. Of them, 25 patients had borderline
epithelial tumors (22 patients had serous and 3 patients had mucinous tumors). Ultrasound examination together with blood serum CA-125, sFas, VEGF and IL6
level assessment were performed prior to surgery. The results obtained were compared with the results of morphological studies. Organ preservation and radical
surgical treatment were carried out, and chemotherapy, if necessary. Perinatal outcomes were studied when performing the cross-comparison. It was discovered,
that ultrasonography and logistic regression analysis made it possible to distinguish between benign ovarian tumors, BOTs and malignant ovarian tumors. The levels
of VEGF above the 500 pg/ml, IL6 above the 8.1 pg/ml and CA-125 above the 300 U/ml indicated the high probability of malignant ovarian tumors in pregnant
women. Only the morphological study of ovarian tissue, obtained regardless of surgical methods, ensured understanding of the ovarian tumor’s true nature during
pregnancy. At the same time, in three pregnant women with ovarian tumors, the morphological examination revealed some tissue areas common both for BOTs
and malignant ovarian tumors. Thus, the predominance of the tumor early stages, relatively mild course and, favorable prognosis in patients with BOTs make it
possible to use gentle surgical treatment making it possible to preserve menstrual function and fertility.
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MOrPAHU4YHDbIE OMYXO0J1M ANYHNKOB Y BEPEMEHHDbIX
A. A. Tepacumosa’, M. B. LLlamapakosa', . A. Knumerko? =

" LleHTp nnaHmpoBaHus cembi 1 penpoaykuum, Mocksa, Poccuist
2 POCCUNCKINIA HALMOHaBHBIA MCCNenoBaTenbCKuii MeAMLIMHCKIMIA yHMBepcUTeT Mmenn H. . Tinporosa, Mocksa, Poccus

MorpaHnYHbIe OMyXon SIMHHUKOB XapaKTePHb! 4151 XKEHLLIMH PEMNPOLYKTVBHOIO Neproaa, 6oree Yem y TpeTr 60MbHbIX OMyXOn BbISBASIOT B BO3pacTe 15-29 nerT,
CcpefHuin BO3pacT Npw NMepBUYHON NMOCTaHOBKe AmarHoda coctanseT 40 neT. Lienbto nccnenoBanmist Obio YCOBEPLLEHCTBOBATL METOAb! AVArHOCTUKM NOrpPaHYHbIX
onyxonern AnYHMKOB Ha (hoHe 6epPeMEHHOCTI 1 ONPEAENUTb BOSMOXHOCTI BbIMOMHEHUST OpraHocoXpaHsitoLLero neveHns. Ob6cneposaHo 300 GepemMeHHbIX ¢
pasnuyHbIMK OnyxonesnaHbIM obpadoBaHusaMm (OOFA) 1 onyxonamm snaHrKoB (OF), 3 KOTOPbIX 25 MMEeN NorpaHnNyHbIe ANUTENMAabHBIE OMyXOnn: 22 — CEpO3HbIe,
TPU — MyUMHO3Hble. [Jo onepauyn nposoavnv Y3W, onpeaensnm KoHUeHTpaumio B cbiBOPoTke kposn CA-125, sFas, VEGF 1 IL6. MonyyeHHble pesynsraTbl
COMOCTaBASAM C MOPMONIOMNHECKUMI UCCefoBaHVAMM. [TpOBOAMAM OPraHOCOXPaHSIOLLEE U paankaibHOe XMPYPrdeckoe fliedeHne, Npu HeooXoaMMOCTN —
XUMmnoTepanito. Mpyn NEPEeKPECTHOM CPaBHEHUM U3yYani nepuHaTanbHble 1exompl. OBHapPY>KEHO, YTO PasINYUTL AOOPOKAYECTBEHHBIE OMyXONN SUHHUKOB OT
norpannyHbix (MOSA) 1 3nokadecTBeHHbIX (305) BO3MOXHO ¢ nomMoLLbio Y3/ 1 norperpeccroHHbix mofdenei. YposHn VEGF Bbilwe 500 nr/mn, IL6 Bbiwe 8,1 nr/mn
1 CA-125 Bbiwe 300 E[/Mn cBMOETENBLCTBYIOT O BbICOKOM BeposATHOCT 305 y 6epemMeHHbIX. 1 Tonbko Mopdonormieckoe nccnegoBaHmne TKaHen SnYH1KOB,
MOJTyHEHHbIX HE3aBMCKIMO OT XMPYPIMYECKIX CMIOCO60B, AaBaio NCTUHHOE NPELCTaB/IEHME O XapaKTepe OnyXosu SNHHIKOB Yy 6epeMeHHbIX. BMecTe ¢ Tem y Tpex
GepemerHbix ¢ O Npy MoPONOrMHECKOM MCCefoBaHM BbISBMEHbI YHaCTKM TKaHW, XapakTepHble kak ans MOYA, Tak n ans 3051, Takim 06pasom, npecbnagaHve
HavabHbIX (POPM OMyXONeBOoro MpoLecca, OTHOCUTENBbHO BnaronpusTHOe TedeHre 1 NPOorHo3 npu MOSA No3BONAIOT [OCTATOHMHO LUMPOKO MCMOAb30BaTh
XVPYPrUHECKOE NEeYeHE LAAsLLEro XxapakTepa ¢ COXPaHeHNEM MEHCTPYaNbHON (OYHKLN 1 (DEPTUIIBHOCTH.

KntoueBble cnoea: ynsTpassykoBoe 1CCrenoBaHie, MopOosornyeckoe NCCNeaoBaHie, Onyxomnm sMiHNKOB y 6epemertbix, CD31

Bknap aBTOpPOB: BCE aBTOPb! BHEC/M PaBHO3HAYHbIN BK1A, B MPOBEAEHVE UCCNEA0BaHNS 1 MOATOTOBKY CTaTbW, NPOYIM 1 0gobpunn ee urHanbHy0 BEPCUIO
nepep nydankaumen.

CobniofieHne 3aTU4eCKNX CTaH[apToB: VccneaoBaHe ogobpeHo atnieckiM kommutetom PHIAMY mnmenn H. . Tinporosa (npotokon Ne 176 ot 25 moHs 2018 o).
Bce naupeHTsl nognmncanv MHPOpMUMPOBaHHOE cornacue Ha ydacTue B ccnefoBaHun.
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Borderline epithelial tumors (borderline ovarian tumors, BOTs)  incidence of malignant ovarian neoplasms, together with BOTs,

are ovarian neoplasms associated with cellular and nuclear
atypia without destructive stromal invasion which have a
favorable prognosis. BOTs account for 15-20% of all ovarian
neoplasms [1-3]. However, the data of specialized oncological
clinics analysis revealed a higher incidence (21-35%) due to
specialized patients’ selection [4-8]. In pregnant women, the
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does not exceed 9%. Due to no pathognomonic signs, reliable
ultrasound signs and the results of marker glycoprotein CA-125
determination, BOTs are difficult to diagnose, often it is hard
to distinguish between BOTs, benign and malignant ovarian
neoplasms. Therefore, the borderline tumor can be diagnosed
reliably only during the post-operative tumor morphology
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examination [9-10]. In more than 70% of pregnant women, the
tumors are detected during the ultrasound scan in the early
stages of gestation (tumor early stages according to the FIGO
system). Surgical treatment of malignant ovarian tumors and
BOTs in pregnant women is normally performed in the first and
second trimesters of pregnancy [5, 11-12], which leads to
increased perinatal morbidity and early infant mortality.

The study was aimed to improve methods for BOTs
diagnosis in pregnancy and to determine the possibilities of
organ preservation treatment.

METHODS

In 20002017 a group of 300 pregnant women with various
tumor-like formations and ovarian tumors was prospectively
examined. Inclusion criteria: pregnant women with tumor-like
formations/ovarian tumors diagnosed during I-lll trimesters.
Exclusion criteria: the woman’s refuse to participate in the
study; pregnant women with cancer diagnosed before the
study; patients with threatened abortion, intrauterine infection,
impairments in a fetus diagnosed before the study. The results
of the study were evaluated by cross-analysis. The results’
distribution in accordance with the morphological structure,
tumor stage and the abnormality degree is presented in Fig. 1.

In 76 of 300 pregnant women with ovarian neoplasms, BOTs
and malignant ovarian tumors were detected. Of 25 patients
with BOTs, 22 patients had serous and 3 had mucinous forms.
It should be noted that the study was carried out for a long
time and the patients’ recruitment was random, not population-
based.

Ultrasonographic examination was performed with the
Voluson 530 MT (Kretztechnik; Austria) and Voluson E8
(General Electric; USA) systems, and the RIC5-9-D (4-9
MHz), C1-5-D (2-5 MHz), RAB4-8-D (2-8 MHz) probes. An
ultrasound scan was carried out in 2D and 3D mode, combined
with color and energy Doppler mapping, as well as with three-
dimensional angiography. The color Doppler mapping was
used for assessment of the following features: vascularization
pattern (tumor periphery, central parts of the tumor, septa,
papillary features), the curve of the blood flow velocity analysis

together with resistance index (Rl) and peak systolic blood flow
velocity (cm/s) determination. Of 30 ultrasound signs of tumor-
like formations, benign ovarian tumors, BOTs and malignant
ovarian tumors, 17 signs appeared to be informative. For
ultrasound diagnostics the proposed model was used allowing
one to distinguish between benign ovarian tumors, BOTs
and malignant ovarian tumors [13]. Our previous studies [14]
demonstrated that ovarian tumors in pregnant women had
ultrasound signs allowing one to differentiate between benign
and malignant ovarian tumors with high accuracy. During
the study it was noted that the differences in the ultrasound
features of various ovarian neoplasms were significant. When
studying the ultrasound signs of malignant epithelial tumors
of the ovaries (ovarian cancer), four types of structure, and,
which in most important, unique hemodynamic parameters
were identified. At the same time, the assessment scale based
on the ultrasound signs analysis was created. To evaluate the
accuracy of the model, in addition to the actual percentage of
correct assignments, the sensitivity (Se) and specificity (Sp)
parameters were taken into account.

Molecular biology techniques were applied as follows.
Concentration of CA-125 was determined using the enzyme
immunoassay test system (Siemens; Germany). Enzyme
immunoassay method was used to determine the sFas
concentration in the blood serum using monoclonal antibodies,
and the VEGF concentration using the reagent kits (R@D;
USA). The concentration of IL6 was evaluated by the Sandwich
Enzyme-Linked ImmunoSorbent Assay (ELISA) using the
reagent kits (R&D; USA).

Different pathologists examined the hematoxylin and
eosin stains. The WHO Classification of Tumors of Female
Reproductive Organs (2003) was used for morphological
diagnosis, since that classification was adopted in the Russian
Federation at the time of the study. For immunohistochemical
studies, paraffin blocks of 15 pregnant women with BOTs and 10
pregnant women with malignant ovarian tumors were selected.
Analysis of the angiogenesis was performed using antibodies to
the vascular endothelial growth factor, VEGF, the major signal
transducer for angiogenesis (VENTANA; USA), and antibodies
to CD31 endothelial marker, the type 1 platelet endothelial
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Fig. 1. Ovarian tumors/tumor-like formations distribution in accordance with the histological structure, stage (BOTs/ malignant ovarian tumors) and abnormality degree

(ovarian cancer)
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cell adhesion molecule (JC70 clone; VENTANA, USA). When
evaluating the expression of CD31 under the microscope with
small magnification, first, the areas with the largest number of
microvessels were selected. Subsequently, in two separate
fields of view with the increased microvasculature density,
the number of all positive microvessels was calculated (200-
fold magnification). The VEGF expression level was evaluated
by semi-quantitative method (comparison of staining intensity
and number of positive cells) in five fields of view (400-fold
magnification). When measuring the staining intensity, unstained
cells were assigned score 0, cells with pale yellow staining were
assigned score 1, yellow-brown stained cells were assigned
score 2, and brown stained cells were assigned score 3. The
number of positively stained cells varied: score O corresponded
1o less than 10% of all cells, score 1 corresponded to 10-49%
of stained cells, score 2 corresponded to 50-74% of stained
cells, score 3 corresponded to over than 75% of stained cells.
The results of both counts were added, the score over 2 was
considered positive.

In addition, histories and outcomes of pregnancy and
childbirth after treatment were studied in 300 patients with
ovarian neoplasms.

Statistical analysis was carried out using the SPSS 15.0
software package (BM; USA). Data were analyzed by the
frequency method using the crosstabs. The differences were
considered significant when p < 0.05.

RESULTS

The study demonstrated that the examined pregnant women’s
clinical characteristics did not vary significantly between the
groups. Thus, the age of 76 pregnant women with BOTs and
malignant ovarian tumors varied in a wide range, from 18 to
45 years. More than 60% of patients were aged 30. Pain in the
lower abdomen and impaired function of neighboring organs
(9% of cases), increase in abdomen size (10.9% of cases) were
registered, and the history of menstruation irregularities (10.9%
of cases) and infertility (2.7% of cases) was revealed in pregnant
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women with BOTs/malignant ovarian tumors. The structure
of concomitant extragenital, gynecological pathologies and
previous gynecological operations before pregnancy in patients
with tumor-like formations/ovarian tumors correlated mainly
with age and did not depend on the tumors’ morphology.

Among the BOTs histological types the serous types
prevailed (22 (88%) patients). Mucinous tumors were detected
in 3 (12%) pregnant women. The 28% of patients had bilateral
ovarian lesions. In most pregnant patients stage | BOTs were
diagnosed (19 (76%) patients). Stage Il was revealed in 5 (20%)
patients, and stage Ill was verified only in one patient.

Ultrasonic signs in pregnant women with BOTs matched
several morphological types: in 32.6% of patients, mixed tumors
with the predominant solid pattern were diagnosed. About 55%
of patients had tumors with the predominant cystic component,
over 10% of patients had solid tumors. Doppler sonography
revealed central and peripheral hypervascularization with low
Rl values (less than or equal to 0.4) and high values of peak
systolic blood flow velocity (over 15 cm/s) obtained during the
curve of the blood flow velocity analysis, as well as the mosaic
vessels indicating the presence of arteriovenous shunting in the
tumor vasculature.

The use of the proposed model for the differential diagnosis
of ovarian tumors in pregnant women made it possible to
distinguish between tumor-like formations, benign ovarian
tumors, BOTs and malignant ovarian tumors (sensitivity was
100%, specificity 92.3%, with an overall accuracy of the model
92.8%). Due to the similarity of images and hemodynamic
indicators during the ultrasound scan, it was impossible to
distinguish BOTs from malignant ovarian tumors. At the same
time, in all patients with neoplasms of the described type, blood
vessels were located in the center with a branched network
in the septa, solid component, and papillary components. The
low-resistance blood flow was revealed.

In pregnant women with BOTs, the CA-125 concentration
varied in the range from 24.4 to 361 U/ml in the | trimester, and
from 24.1 to 223 U/ml in the Il trimester of pregnancy. The level

of sFas was 40-200 ng/ml in the | trimester, and 46-180 in the

Fig. 2. Morphology of BOTs and malignant ovarian tumors in pregnant women. A. Borderline serous ovarian cystadenoma (x10, hematoxylin and eosin staining).
B. Poorly differentiated serous ovarian carcinoma (x10, hematoxylin and eosin staining). C. Borderline mucinous ovarian cystadenoma (x10, hematoxylin and eosin

staining). D. Mucinous ovarian carcinoma (x10, hematoxylin and eosin staining).
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Il trimester. The VEGF concentration varied in the range from 89
10 286 pg/mlin the | trimester, and from 92 to 480 pg/ml in the
Il trimester of pregnancy. IL6 reached 3.6-12 in the | trimester
and 8-40.9 pg/ml in the Il trimester.

In patients with malignant ovarian tumors (compared to
patients with BOTs) the significant increase of CA-125 and
other tumor markers (sFas, VEGF, IL6) levels in blood serum
was observed at any time during pregnancy. In the blood of 3
patients with adenocarcinoma of the ovary the CA-125 level
was 540-1224.6 U/ml, the sFas level was 180-312.6 ng/ml,
the VEGF level was 510-1028 pg/ml, and the IL6 level was
9.8-40.9 pg/ml. The same concentration of molecular factors
was observed in the blood of patients with dysgerminoma,
mixed germ cell tumor and immature teratoma. In these
patients, the CA-125 level exceeded 361 U/ml, the sFas level
was above 240 ng/ml, the VEGF level above 490 pg/ml, and
the IL6 level above 8.1 pg/ml.

When studying the BOTs morphology (Fig. 2), the features
making it possible to distinguish BOTs from benign and
malignant ovarian tumors were detected in 22 cases. In
3 cases, the inconsistencies were found in the final histological
response of patients diagnosed with serous adenocarcinoma
against the background serous borderline tumor. During the
second preparations review no elements of the malignant
tumor were found.

The borderline serous cystadenoma was a cystic tumor
with discohesive wall and the pronounced papillary features
which filled the entire inner surface and in 70% of cases were
present on the outer surface. BOTs were characterized by the
presence of epithelial features with the formation of cell bundles
and separation of cells groups simultaneously with strictly
ordered branching, in which small papilla came from large,
centrally located papillae. Cells of the borderline serous tumors
had some features of epithelial and mesothelial differentiation.
Ciliated cells similar to cells of the fallopian tube were detected in
one third of tumors. Cells with abundant eosinophilic cytoplasm
and rounded nuclei resembled mesothelium, they were located
on the tops of papilla. Cell nuclei were located basally, oval or
round, with -slight atypia, delicate chromatin, and sometimes
with pronounced nucleoli. Rare mitoses were detected (usually
4-10 in the fields of view). Psammoma (sand) bodies were
revealed in a half of preparations.

Serous carcinomas reached large sizes (up to 20 cm in
diameter), they consisted of cysts with serous or sanious
contents, filled with soft loose papillary features. The outer
surface was smooth with some papillary structures on it. The
solid tumors usually had less pronounced pink gray papilla,
they were soft or dense depending on the underlying stroma
type. At the same time the foci of hemorrhage and necrosis
were observed. Under the microscope the serous carcinomas
had a papillary structure with solid foci, large round cells
with  polymorphic hyperchromatic nuclei, clumpy nuclear
chromatin pattern and increased nuclear-cytoplasmic ratio,
pseudostratified epithelium. Those were characterized by the
loss of polarity, no cilia on the cell surface, increased mitotic activity.

The borderline mucinous cystadenoma of the ovary was
usually multilocular with a diameter up to 30 cm, it contained the
straw-colored liquid or mucus. Morphological examination of the
described tumors’ preparations revealed areas lined with the multi-
layered mucinous epithelium of the intestinal type with the villous
glandular and papillary features and- slight atypia of cell nuclei.

Mucinous carcinoma differed from the borderline mucinous
cystadenoma by the foci with a glands complex arrangement
lined with cells with moderate and severe nuclei atypia, mitoses,
as well as by the foci of necrosis inside the tumor.

CD31 expression (Fig. 3-4) was detected in the tumor
stroma in all patients. The average number of CD31-positive
vessels in women with BOTs was 36 (12-48), and in women
with malignant ovarian tumors it was 44 (19-56). The evaluated
by the semi-quantitative method immunoreactivity for VEGF
was scored 5 (4-6) in women with BOTs, and 6 (5-7) in women
with malignant ovarian tumors. No significant differences in
both markers’ expression levels were revealed.

The medical history analysis of pregnant women with BOTs
and malignant ovarian tumors showed that those of them who
had disseminated tumors underwent the cytoreductive surgery
with abortion. The other patients underwent the cytoreductive
surgery twice: upon the detection of a tumor and after the
cesarean section.

All patients demonstrating signs of ovarian tumor
malignization got the midline laparotomy with the curve around
the umbilicus on the left. In six patients, diagnostic laparoscopy
was performed first, and after that laparotomy and primary
lesion removal (due to the suspected ovarian cancer).

The volume of the surgical procedure was determined
intraoperatively in accordance with the clinical picture,
reproductive history, age, ultrasonography, serum tumor marker
levels and express histopathological examination results. During
the intervention, surgical tumor staging was performed, as well
as the abdomen and pelvic organs revision, greater omentum
resection/removal, multiple peritoneal biopsies, taking swabs
or ascitic fluid from the abdominal cavity. In patients with
mucinous tumors, an appendectomy was carried out. The
patients not interested in pregnancy maintenance and fertility
underwent the radical surgery (7 patients of 76). At the first
stage during pregnancy, 20 patients with BOTs underwent the
organ sparing intervention preserving uterus and the healthy
ovary fragment. In two patients, the bilateral adnexectomy was
performed. In one of them, the borderline tumor was found
during the histopathological examination of the resected part of
the visually unchanged contralateral ovary (stage IB).

It should be noted that during the histopathological
examination of biopsy material or tumor preparations,
errors and inaccuracies may occur. Thus, during our study,
in three pregnant women with ovarian tumors, morphological
examination revealed tissue features characteristic of both BOT
and malignant ovarian tumors. The patients were diagnosed
with well-differentiated adenocarcinoma of both ovaries against
the background of the borderline serous cystadenoma. In
one of those patients, bilateral ovarian tumors with signs
of malignization and ascites were clinically defined during
the weeks 11-12 of pregnancy. In the oncology hospital the

Fig. 3. CD31 expression in the malignant ovarian tumor (x20). Vessels are
marked with arrows
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diagnostic laparoscopy (right-sided adnexectomy with express
histological examination) was performed, and the borderline
cystadenoma was diagnosed. The laparoscopic entry was
changed to laparotomy. A midline laparotomy was used for
the left ovary biopsy, greater omentum resection and multiple
peritoneal biopsies. The differentiated adenocarcinoma
developed against the background of a serous borderline
tumor with cancer emboli in the lumen of the greater omentum
vessels was diagnosed by the morphological examination
(ovarian cancer T3cNOMO). Artificial abortion and radical
surgery were performed (hysterectomy with left adnexectomy
and the subtotal greater omentum resection). The abdominal
cavity swabs’ cytological studies revealed the adenogenic
cancer signs. Prior to the chemotherapy appointment, the
interdisciplinary oncological consultation was held due to
discrepancy in the cytological and histological studies results
interpretation by different specialists. The initial diagnosis was
not confirmed. The patient was diagnosed with the borderline
tumor of the ovary with noninvasive implants in the greater
omentum. It was decided not to use chemotherapy. The patient
observed for four years demonstrates no signs of the disease
progression.

The results of the patients with borderline tumors treatment
were as follows: 3 pregnant women underwent abortion
and surgery (panhysterectomy due to the presence of
adenocarcinoma together with the serous BOT), 2 women had
spontaneous abortion, 10 patients delivered on their own on
time, 6 women delivered prematurely by cesarean section due
to obstetric indications, in 4 patients the repeated surgery was
carried out for restaging.

Later the tumor recurrence was observed in two pregnant
women with BOTs. In one of them, diagnosed with serous
histological type IA stage tumor in the resected ovarian tissue
after the organ preservation surgery, the recurrence was detected
in the 5" year of observation. The morphological examination
revealed a well-differentiated adenocarcinoma, followed by a
radical intervention supplemented with chemotherapy. In the
2 patient, 2 years after the first surgery the recurrence was
detected, and the tumor in its histological pattern was similar
to the primary tumor (atypical proliferative serous tumor). After
the recurrent neoplasm removal, the patient received combined
therapy. Both patients remained alive for more than 3 years.
Five patients dropped out of the observation. We tracked the
long-term effect of treatment in 17 of 25 patients for 3-10 years.
All patients were alive at the time of the study. The overall 5-year
survival rate was 100%.

In patients with BOTs, 2-5 years after surgery 9 pregnancies
occurred, the four of which ended in delivery with a favorable
outcome. In three patients, pregnancy ended in spontaneous
abortion.

DISCUSSION

Literature data indicate no specific clinical manifestations of
BOTs during pregnancy. Doppler ultrasonography used in the
model for differential diagnosis has high specificity.

Currently, no molecular factors have been identified that
reliably characterize BOTs [2, 15]. The use of most tumor
markers is limited due to the high variability of their values,
including those depending on the gestational age. In our study,
the significant increase of the carcinogenesis markers levels
over the threshold (VEGF level exceeded 500 pg/ml, IL6 level
was above 8.1 pg/ml) was detected in pregnant women with
malignant neoplasms of the ovary. The test specificity was
91.5%, and the sensitivity was 75%. The CA-125 concentration
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in pregnant women with malignant ovarian tumors exceeded
300 U/ml. Our results were consistent with the other authors’
data [16].

When evaluating the VEGF expression level in the paraffin
blocks by the semi-quantitative method, the increased
immunoreactivity for the marker (score 5-7) was detected
in ovarian carcinomas. The VEGF expression association
with ovarian cancer has been confirmed by many studies.
An increase in VEGF immunoreactivity in ovarian carcinoma
(compared to BOT) has been proven, while a high VEGF
expression level indicates the disease progression [17].
Increased immunoreactivity of CD31 in the malignant
ovarian tumors preparations compared to BOT preparations
indicates increased blood flow in the tumor tissues due to
neovascularization detected in malignant tumors [18].

The main method of the BOTs treatment is surgery (organ
preservation or radical approach). Researchers of the world
are actively discussing the possibility of ultra-conservative
interventions as an organ preservation option leaving the
affected with BOT ovarian tissue unchanged after the resection/
cystectomy [2, 19]. Adnexectomy on the lesion side with a
morphological study of peritoneal swabs and multiple biopsies
is considered the optimal intervention volume. The final surgical
staging should be performed during cesarean section or after
delivery (in case of vaginal birth) [20, 21]. We did not use the
ultraconservative interventions in our study, 80% of patients
with BOTs underwent organ preservation surgery. The restaging
surgery was performed in 16% of patients.

Approximately one-third of the patients with BOTs and
well-differentiated adenocarcinoma need a final postoperative
morphological study using paraffin blocks [2, 22-24]. According
to some reports, the high overdiagnosis rate in patients with
BOTs having the suspicious for ovarian cancer foci leads to
an unreasonable overestimation of the surgical interventions
volume, even when performing the final histopathological
examination in the specialized institutions [3]. According to our
results, the morphological response interpretation discrepancies
in the differential diagnosis of BOTs and ovarian cancer have
been detected in 12% of patients. The diverse BOTs structure
and the need for a thorough study of multiple slices are the
reason for the strict requirements for the morphologist’s
qualification and experience. The other researchers hold a
similar opinion [3, 9, 22].

The overall recurrence rate in patients with BOTs varies
from 3 to 10%, and the recurrence occurs in 25% of patients
with common tumor stages. Our study has revealed recurrence
in 8% of patients. According to the literature data, the 5-year
survival rate of patients with |-l stage tumors is 98-99%, and

Fig. 4. CD31 expression in the borderline ovarian tumor (x20). Vessels are marked
with arrows
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in patients with lll-IV tumors it is 82-90% [25, 26]. Possibly,
the high the 5-year survival rate values are associated with the
BOTs early stages detection and with the small sample size.
The papers on the study of fertility after the organ
preservation treatment report that spontaneous pregnancies
occur in 40-72% of patients. The effect of pregnancy on the
course of the disease remains unknown [1, 2, 27, 28]. It is worth
mentioning, that the reproductive results obtained during our
study were pregnancies detected in more than 35% of patients
with BOTs diagnosed in pregnancy after the organ preservation
surgical interventions. The results obtained made it possible to
highlight the following important signs complex in the diagnostic
algorithm for pregnant women with suspected malignization
of the ovarian tumors: mixed echographic structure with
hypervascular supply pattern and low Rl values, VEGF value
exceeding 500 pg/ml and IL6 value over 8.1 pg/ml, CA-125
concentration exceeding 300 U/ml. However, the similarity of
BOTs and malignant ovarian tumors ultrasonic signs did not
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ULTRASONOGRAPHY FEATURES AND SCREENING OF OVARIAN MASSES
IN REPRODUCTIVE-AGE WOMEN

Spiridonova NV, Demura AA &, Katyushina VO
Samara State Medical University, Samara, Russia

Ovarian neoplasms can develop at any age, carry a high risk for malignant transformation, reduce the reproductive potential of a woman and are an indication
for surgery. The search for optimal screening algorithms for ovarian tumors is still ongoing. The aim of this study was to evaluate the prognostic efficacy of
ultrasonography (US) features in differentiating between benign, malignant and borderline tumors in reproductive-age women. We examined 168 reproductive-age
women with ovarian masses who underwent surgery in 2012-2015 and compared the results of histopathological examinations with pulsed-Doppler US findings.
We did not establish a correlation between the size/volume of the tumor and their morphological structure. We identified the echotexture characteristics associated
with malignancy, including the presence of a solid component (o < 0.001); septations (p = 0.029) and projections on the internal surface of the tumor capsule
(o < 0.001); moderate or significant buildup of free fluid in the small pelvis (p = 0.007), and the nodular surface of the tumor capsule (p = 0.008). Solid ovarian masses
were at increased (31.69-fold) risk of transformation into malignant or borderline tumors, whereas for a mixed (cystic and solid) type the risk of such transformation
increased 3.46-fold. We also identified Doppler parameters that can clearly discriminate between benign and malignant growths, including the blood flow rate in
the tumor over 1.85 cm/s (p = 0.007) and RMI over 0.16 (p = 0.013). The sensitivity and specificity of our diagnostic model are 87% and 68%, respectively, with
a probability threshold of 0.3.

Keywords: ovarian tumors, risk of malignancy, screening, ultrasound, ovarian tumor echotexture, Doppler ultrasonography, blood flow characteristics
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YNbTPA3BYKOBbIE ACIMEKTbI U CKPUHUHI OMYXOJIEN U ONYXONEBUAHbIX OBPA3SOBAHUN
ANYHUKOB Y NALUMEHTOK PENPOAYKTUBHOIO BO3PACTA

H. B. CrvpnpoHoga, A. A. Oemypa &, B. O. KaTtolumHa
CamapcKkuin rocyfapCTBEHHbI MEAVLIMHCKWIA yHMBepcuTeT, Camapa, Poccunst

Onyxonn SNYHMKOB BO3HMKAOT B NIO6OM BO3PAacTe, CHUKAIOT PenpodyKTUBHbIA NOTEHLMAN XEHLLMHBI, MMEKOT BbICOKMIA PUCK MannrHM3aLmm 1 SBnstoTcs
rokasaHviem Ans onepaTuBHOMO NeveHns. Ha cerogHAWHWA feHb NPOAOIKAETCS MOMCK ONTUMAITBHBIX aNrOPUTMOB CKPUHMHIA OMyXONnen AaHHON HO30MOMMN.
Llensto paboTbl 6bI10 OLIEHUTL MPOrHOCTUHECKYIO 3(PMEKTVBHOCTL YNETPa3BYKOBbIX (Y3) MPM3HaKoB Ana andhepeHLmansHOM AnarHOCTUKN 310Ka4ECTBEHHBIX,
[06POKAYECTBEHHBIX 1 MOrPaHNYHBIX OMYyXOMNel SUHHUKOB Y »KEHLLWMH PenpoayKTBHOro BogdpacTa. ObcnenoBaHbl 168 naLmeHToK penpopyKTMBHOMO Bo3pacTta
C OMyxoNneBbIMA 1 OMyXONEBUAHBIMU 00Pa30BaHNAMI ANYHKKA, NpPoonepupoBaHHbix ¢ 2012 no 2015 ., 1 conocTasneHbl Mopdonornyeckne AaHHble
BEPUMULMPOBAHHOIO MPoLEecca B ANHHNKaX C AaHHbIMN KOMMIEKCHOrO Y3/ ¢ MMMybCHO-BOIHOBbLIM LOMMIEPOBCKIM PEXMMOM. B MccnefoBaHum He BbISBIEHO
3aBVICMMOCTM Pa3MepPOB 1 06bema 06pa30BaHNi AUHHKOB OT MOPOIOMMHECKO CTPYKTYPbI onyxonn. OBHapy»KeHbl axorpaunyeckme 0CO6eHHOCTH Onyxonei
ANYHMKOB: HaNM4ve CoNMAHOro KOMMoHeHTa (o < 0,001); Hann4me neperoponok (p = 0,029) 1 padpacTaHuii MO BHYTPEHHEN MOBEPXHOCTW Kancysbl (o < 0,001);
Han4Me YMEPEHHOIO 1 3HAYUTENTBHOO KOMHECTBa CBOOOAHOM XIMOKOCTH B MasioM Tagy (o = 0,007) n Byrpnctas nOBEPXHOCTb Karcysibl 06pasoBaHms AndHnKa
(o = 0,008). Hanun4ne conmpHoro o6pasoBaHyist yBENMYMBAIO BEPOSTHOCTb MOSIBNEHUS 310Ka4ECTBEHHON 1 MorpaHn4Hor onyxoner B 31,69 pasa, KMCTO3HO-
COMMAHON CTPYKTYpPbl 06pasoBaHns — B 3,46 pasa. BoigeneHb! 3Ha4YMMble AOMNNEPOMETPUHECKIE MOKa3aTeNM, CrOCOBHbIE YETKO 0O03HAYUTE PA3HILY MEXOY
[0OPOKA4YECTBEHHBIM 11 3[I0KA4ECTBEHHbBIM MPOLIECCaMM, & MMEHHO MPEBbILLEHNE CKOPOCTU KPOBOTOKA CBblilLe 1,85 cm/c (p = 0,007) n P 6onee 0,16 (o = 0,013).
YHyBCTBUTENBHOCTL U CNELMUHYHOCTb AaHHOW AMarHOCTUHECKOM MOLEeN COCTaBASOT 87 % 1 68% Npu 3Ha4eHn noporosor BepositHocTy 0,3.

KntoueBble cioBa: OryXomnu SUYHNKOB, PYUCK MAIMMHUBALIMM, CKPUHUHT OMyXOsiel, YNsTPasBykoBOe UCCNEA0BaHE, IXOCTPYKTYPa OnyXome SUYHIKOB,
nonnneporpadusi, 0COBEHHOCTY KPOBOTOKA

BnaropapHocTu: K. 6. H., goLeHTy Camapckoro yHueepcuteta M. B. Komaposoii 3a MOMOLLb B CTaTUCTNHECKON 06paboTke pesynsTaTos MCCNeAoBaHus.
Bknap aBtopos: H. B. CnivpraoHoBa, A. A. Jemypa, B. O. KaTiolwmHa — paBHO3Ha4eH Ha BCex atanax paboThbl 1 HanicaHms cTaTbu.

CobnioaeHne aTUHECKNX CTaHAAPTOB: UCCNefoBaHMe 0fobpeHo aTn4eckm kommtetom Caml MY (mpoTtokon Ne 194 ot 12 ceHTs6ps 2018 1); BCe y4aCTHUKM
noanmMcan MHPOPMUPOBAHHOE COMacue Ha y4acTune B NCCNeqoBaHnm.

P><] Ons koppecnoHpeHumun: AnnHa AHgpeesHa [demypa
np. MacneHHvkoBa, a. 25, . Camapa, 443056; ina281@ya.ru

Cratbsi nonyyeHa: 12.02.2020 CtaTtbsa npuHATa K neyvartu: 28.02.2020 Ony6nmkoBaHa oHnariH: 13.03.2020

DOI: 10.24075/vrgmu.2020.016

Ovarian neoplasms are a continuing concern for gynecologists.  determines the vast diversity of histological types of ovarian
They can develop at any age, carry a high risk for malignant  neoplasms, especially in reproductive-age women. Mixed
transformation, reduce the reproductive potential of a woman  type tumors constituted by at least 2 histological types
and are an indication for surgery. The complexity of structural — amplify this diversity even further. Therefore, it is important to
and functional organization of female reproductive glands identify the sonographic features of ovarian neoplasms that
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can suggest their malignancy [1]. Some authors estimate that
epithelial cancer accounts for 60% of all ovarian neoplasms
and 80-90% of ovarian malignancies [2]. The rest of ovarian
tumors arise from germ and stromal cells, are typically found in
younger patients and their sonographic appearance can pose
diagnostic difficulty for the clinician.

Because ovarian tumors are fast-growing and aggressive,
about 60-70% of patients have advanced stages (llI-IV)
of the disease at the time of presentation [3]. The use of
ultrasonography (US) and the improvement of its diagnostic
efficacy may be a solution to the problem of early ovarian
cancer detection. US is a noninvasive, cheap, widely available
and reproducible modality introduced in 1970 [4-6]. The first
ultrasound screening tests were offered to women in the
1980s; they consisted in the transabdominal examination of
pelvic organs, which was not the best effective strategy, for
anatomical reasons. In 1990, |. Jacobs included transvaginal
scans in his screening model. Since then, US has been the
primary diagnostic modality for suspected ovarian neoplasms.
Over the years, better accuracy in discriminating between
malignant and benign tumors has been achieved due to the
use of Doppler US. The technique relies on the phenomenon
of neovascularization: new capillaries start to develop in the
tumor, promoting its further growth. In a malignant tumor,
blood flow has a number of characteristics determined by the
lack of vascular smooth muscle fibers and the presence of
multiple vascular shunts increasing the rate of blood flow in the
neoplasm [7].

The aim of this study was to evaluate the prognostic efficacy
of some sonographic features in the differential diagnosis of
benign and malignant ovarian tumors in reproductive-age women.

METHODS

The groundwork for this research was laid by the prospective
study conducted in 168 reproductive-age women with a
morphologically verified ovarian neoplastic process who
underwent surgery at Samara Regional Oncology Center in
2012-2015. The following inclusion criteria were applied: age
of 18 to 40 years; US findings suggestive of an ovarian mass;
subsequent surgery and a histopathological examination of the
excised tissue. Exclusion criteria: age below 18 and above 40
years; a medical history of cancer.

Pulsed-wave Doppler scans were performed using a Philips
|U-22 scanner (Philips; USA).

The patients were divided into 3 groups according to the
WHO classification (2013): 1) 101 (60.1%) patients with benign
tumors; 2) 24 (14.3%) patients with borderline tumors; 3) 43
(25.6%) patients with malignant tumors.

The following parameters were evaluated: the size and the
volume of the ovarian mass, fluid buildup in the pelvis, the type
and the morphologic appearance of the tumor. The neoplastic
process was evaluated based on the type of the ovarian mass
(solid, cystic, mixed), the involvement of 1 or both ovaries
(uni- or bilateral lesions), the size of the lesion, the presence of

Table 1. Sizes of ovarian tumors
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septations, the presence of projections on the external/internal
surface of the capsule and the quality of the capsule surface
itself, as well as blood flow in the tumor. We also measured
the blood flow velocity in the tumor and the resistive index.
Statistical analysis was carried out in SPSS21 (20130626-3;
An IBM Company; USA) and Microsoft Excel (Microsoft; USA).

RESULTS

The maximum size of the tumors (Table 1) varied between
77.26 + 6.94 mm and 97.06 + 15.29 mm. No positive
correlation was established between the size of the tumor and
the stage of the disease. In the patients with benign ovarian
tumors, the tumor volume was 99.06 + 128.18 ml on average;
in the patients with borderline tumors, it was 814.54 + 358.32
ml, and in the patients with malignancies, 579.17 + 196.37 ml
(o = 0.941).

When analyzing the ultrasound appearance of the tumors,
we assessed the involvement of one or both ovaries in the
neoplastic process. We also identified a group of 15 patients
who had undergone adnexa removal emergency surgery at the
gynecological departments of general hospitals and had been
subsequently referred to specialist centers for a postoperative
US examination and a reexamination of histology slices.
Unilateral lesions were more often observed in the patients
with benign (81.2%) and malignant (86%) tumors than in the
patients with borderline tumors (54.2%) (p = 0.006).

Based on their echotexture, the tumors were classified
into 3 types (Fig. 1): cystic, solid and mixed, with both cystic
and solid components (p < 0.001). Women with cystic ovarian
masses made up 72.6% of the study participants. In this
group of patients, the masses were round in shape, with well-
circumscribed smooth margins, anechoic, with single or multiple
septa and without projections along the internal capsule. Cystic
masses were more typical to the patients with benign tumors
(87.1%), compared to the women who had borderline (54.2%)
and malignant (48.8%) tumors, respectively.

Patients with mixed type tumors (with both cystic and
solid components) made up 22.6% of all study participants.
In this group, the tumors were round-shaped, with fairly
well-defined smooth margins, anechoic, with septations or
areas of echogenicity and a solid irregular or regular-shaped
component. The mixed type was more prevalent in the patients
with borderline and malignant tumors (37.5 and 39.5%,
respectively) than in the women with benign tumors (11.9%).

Solid tumors were observed in 4.8% of the patients. Tumors
of this type were either round or irregular in shape, with fairly
well-defined angular margins; they were characterized by mixed
echogenicity or the presence of single anechoic round-shaped
components. The solid type was observed in the participants
with malignancies (11.6 %).

We also evaluated the surface of the tumor capsule (Fig. 2),
which was either smooth or nodular (p = 0.008). In the patients
with benign tumors, the capsule surface was smooth in
80 (79.2%) cases and nodular in 21 (20.8%) cases. In the group

Benign Borderline Malignant P, o Psg p
Size 1 88.10 + 4.90 97.06 + 15.29 91.87 £ 7.42 0.867 0.431 0.643 0.724
Size 2 77.48 + 4.47 82.56 + 14.00 77.26 +6.94 0.886 0.981 0.817 0.983
Size 3 82.79 + 4.59 89.81 + 14.52 84.56 + 6.94 0.972 0.669 0.783 0.909
Tumor volume, ml 599.06 + 128.18 814.54 + 358.32 579.17 + 196.37 0.965 0.727 0.844 0.941

Note: p, ,, p,_,, P, , — intergroup comparison; p — the Kruskal-Wallis H test.
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of patients with borderline tumors, smooth capsule surface was
observed in 17 (70.8%) cases, whereas nodular, in 7 (29.2%)
women. In the group of patients with malignant tumors, the
capsule surface was smooth in 23 (53.5%) patients, whereas
nodular, in 20 (46.5%) patients. Additionally, we looked at the
presence of projections on the external (p = 0.192) and internal
(o < 0.001) surfaces of the capsule. We found that 40.6% of
patients with benign tumors had projections on the external
surface and 4% of women, on the internal surface. In the
group of patients with borderline tumors, no projections were
observed on the external surface of the capsule, and 79.2%
had projections on the internal surface. In the groups of patients
with malignant tumors, 65.1% had projections on the external
surface, whereas 9.3%, on the internal surface.

Small amounts of free pelvic fluid were observed in 15.8%
of women with benign tumors. In this group, there were no
patients with moderate or large amounts of free fluid in the
pelvis. In the borderline group, fluid buildup was observed in
every third patient (33.3%), of whom 16.7% had it in moderate
and large volumes. However, free pelvic fluid was discovered
only in 14% of women with malignancies; of them only 1%
(2.3%) had in large quantities (Kruskal-Wallis H test, p = 0.007).

Doppler ultrasonography can estimate blood flow in the
tumor. This facilitates timely diagnosis of a neoplastic process
in the ovaries and is especially important for deciding on the
treatment strategy in reproductive-age women. In our study,
blood flow parameters were evaluated in several steps.

Step |. The presence of blood flow within the tumor was
evaluated in all patient groups (o < 0.001). Tumor blood flow was
detected by Doppler ultrasonography in 18 (17.8%) patients
with benign tumors; another 27 (26.7%) patients with benign

tumors had single colored spots on the dopplergram (power
Doppler). In the group of patients with borderline tumors, blood
flow was registered in 9 (37.5%) women; another 9 (37.5%)
had single colored spots on the dopplergram (power Doppler).
Of all patients with malignancies, blood flow was detected in 23
(63.5%) women, whereas single colored spots, in 15 (34.9%)
women (power Doppler).

Step Il. Tumor blood flow rate and resistive index (RI) were
measured (Table 2). In the patients with benign tumors, the
average blood flow rate was 1.45 + 0.4 cm/s and the Rl value
was the lowest. For those with borderline tumors, the average
blood flow rate was 4.58 + 1.44 cm/s and the RI value was
0.21 + 0.05. In the patients with malignancies, the maximum
values for blood flow rate and Rl were 6.34 + 1.17 cm/s and
0.26 + 0.04, respectively. We were able to identified Doppler
parameters that helped us to discriminate between benign
and malignant tumors: tumor blood flow rate over 1.85 cm/s
(o = 0.007) and Rl over 0.16 (p = 0.013).

Using stepwise logistic regression, the US findings and the
calculated blood flow rate values, we built a model for early diagnosis
of ovarian cancer (Table 3). The type of tumor composition was a
significant predictor: solid masses were at increased (31.69-
fold) risk for malignant or borderline transformation; a mixed type
with cystic and solid components increased such risk 3.46-fold.
Sensitivity and specificity of this diagnostic model were 87 and
68%, respectively, with a probability threshold of 0.3.

DISCUSSION

Considering the morphologic diversity of ovarian growths
and their frequently poor outcomes, the search for early

Type of tumor composition

Fig. 1. The composition of tumors determined by ultrasonography
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Table 2. Characteristics of blood flow in ovarian tumors
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Benign Borderline Malignant P Py Poy P
v, cm/s 1.45 £ 0.40 458 +1.44 6.34 +1.17 0.007 < 0.001 0.261 < 0.001
RI 0.08 + 0.02 0.21 £ 0.05 0.26 + 0.04 0.013 < 0.001 0.319 < 0.001

Note: v is blood flow rate in the ovarian tumor, expressed as cm/s; Rl is resistive index: p, ,, p, ,, P, , sShow intergroup differences; p is the result of the Kruskal-Wallis H test.

predictors of malignancy in reproductive-age women remains
a pressing concern. Algorithms predicting the risk of malignant
transformation are in continuing development, aiming at
detecting cancer in its early stages and thus reducing the
extent of surgery. In 1996, the risk-of-malignancy index
(RMI) was first proposed. It was designed to estimate the risk
of malignant transformation using a scoring system [8]. Similar
to our model, it relied on US features, such the presence of
septations and solid components, the involvement of 1 or both
ovaries and ascites. However, unlike our model, the index also
accounted for the presence of abdominal metastases, the
menopausal status (premenopause/postmenopause) and the
absolute values of CA 125. For the sake of convenience, each
component was attributed a value (score) and the following
formula was applied to calculate the index: RMI = Ultrasound
features (score) Menopausal status (premenopause/
postmenopause) - Absolute values of CA 125. If the resulting
RMI was below 200, the ovarian mass was assumed to be
potentially benign.

The International Ovarian Tumor Analysis (IOTA) carried
out in 1999-2000 aimed at formulating the guidelines and
creating the models for characterizing ovarian tumors [9].
The models were developed for use by clinicians regardless
of their qualifications and allowed them to better understand
the etiology of ovarian cancer and the role of CA 125 and
other cancer biomarkers. Later, an international team of
researchers proposed 2 logistic regression models: LR1 and
LR2 for differentiating between benign and malignant ovarian
growths [10, 11]. According to the models, the sonographer
should evaluate over 40 different clinical and US variables.
The sensitivity and accuracy of the method were 96% and
90%, respectively, but the method turned to be very time-
consuming and generally demanding; it did not account for
the patient’s medical history and laboratory test results. The
researchers concluded that recognition of US features typical
to an ovarian pathology by an experienced sonographer is
the best method to characterize this pathology and that CA 125
does not improve the diagnostic accuracy in predicting the
malignancy of the tumor [12-14]. Using statistical analysis,
we were able to reduce the number of variables and thus to
save time for and simplify the subsequent calculations without
reducing the sensitivity and specificity of our diagnostic model
(87 and 68%).

In 2011, it was demonstrated that the algorithms relying on
a combination of two tumor markers (CA 125 and HE 4) and

US findings should be used to identify women with indications
for surgery, who should be referred to cancer centers [15].

In 2011, the international NICE clinical guideline CG 122 on
the management of patients with ovarian cancer emphasized
the necessity of using RMI, which accounts for 3 preoperative
parameters, just like the algorithm proposed in 1996 [16]: serum
CA 125, the menopausal status (M) and ultrasonography score
(V). According to the guideline, US findings should be scored
1 point for each of the following characteristics: multiocular
cysts, solid areas, metastases, ascites, bilateral lesions. The
menopausal status should be evaluated in the following way:
premenopausal women score 1 point; postmenopausal,
3 points (postmenopausal females are defined as those who
have not had periods for over a year or who are older than
50 and have undergone hysterectomy). Serum CA 125 is
expressed in IU/ml. Its values can vary between 0 and a few
hundreds or even thousands of units. RMI is, thus, calculated
using the formula: RMI = U - M - CA 125; if RMI value is above
200, the patient should be recommended additional tests.

Today, it is often reported in the literature that no significant
differences can be established between benign and malignant
ovarian tumors using the classic criteria for malignancy, such
as irregular shape, irregular margin or large size of the tumor.

CONCLUSIONS

This study has not established a correlation between the
size and volume of ovarian tumors and their morphological
structure. However, the analysis of tumor echotexture allowed
us to identify US characteristics associated with malignancy,
including the presence of a solid component (p < 0.001),
septations (p = 0.029) and projections on the internal surface of
the tumor capsule (p < 0.001), moderate or significant buildup
of free fluid in the small pelvis (p = 0.007) and the nodular
surface quality of the tumor capsule (p = 0.008).

The study demonstrates that blood flow in the tumor could
be a sign of possible malignant transformation (o < 0.001).
For reproductive-age women, Doppler parameters have been
identified that can clearly discriminate between benign and
malignant growths: the blood flow rate over 1.85 cm/s (p = 0.007)
and Rl over 0.16 (p = 0.013).

The identified US features (a solid or a mixed type mass,
blood flow in the tumor and increased resistance index) can
be used as key parameters in differentiating between various
types of ovarian tumors.

Table 3. The model for early diagnosis of ovarian cancer in reproductive-age patients

Risk factor Risk factor grading Regression coefficient, b OR (95% ClI) P
Cystic, reference 0 1 -
Composition type Solid 3.46 31.69 (3.16-318.11) 0.003
Mixed 1.23 3.40 (1.32-8.77) 0.011
Blood flow in the tumor "Yes" in comparison with "no" 0.98 2.68 (1.56-4.58) < 0.001
RI Increment by 1 2.23 9.34 (1.92-45.49) 0.006
Constant - -2.35 - < 0.001
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EEG p-RHYTHM REACTIVITY IN CHILDREN DURING IMITATION OF BIOLOGICAL
AND NON-BIOLOGICAL MOTION

Kaida Al = Mikhailova AA, Eismont EV, Dzhapparova LL, Pavienko VB
V.I. Vernadsky Crimean Federal University, Simferopol, Russia

The development of brain-computer interfaces based on the use of EEG sensorimotor rhythms reactivity parameters and designed for the rehabilitation of people
(including children) with impaired motor functions is currently relevant. The study was aimed to analyse the EEG p-rhythm in the individual frequency range in children
during imitation of biological and non-biological motion. EEG was recorded at frontal, central and parietal cortical regions in 136 normally developing right-handed
children aged 4-15, at rest and during the execution and imitation of movements using the computer mouse. When the children moved the computer mouse
on their own (F, .., = 31.17; p < 0.001) and executed the concentric moving of the coloured circle (F, ., = 90.34; p < 0.001), the p-rhythm desynchronization
developed in the frontal, central and parietal neocortical regions. The p-rhythm synchronization was detected during the non-biologocal motion imitation
(F, 14, = 12.65; p < 0.001), compared to the task on the autonomous movement execution. The p-rhythm desynchronization was observed during the biologocal
motion imitation in relation to autonomous movement execution (F, ., = 9.58; p = 0.002). The described effects had their own features in the groups of children
aged 4-6, 7-9, 10-12 and 13-15. The study results demonstrate the desirability of taking into account the p-rhythm reactivity age-related features and the visual
stimuli nature when developing software for the brain-computer interfaces.

Keywords: children; EEG; p-rhythm; imitation; biological motion; non-biological motion
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PEAKTUBHOCTb p-PUTMA 93T Y AETEW NMPU UMUTALUN OBUXKEHUI BU3YAJIbHbIX OBPA30B
BNOJIOTMHYECKOIO N HEBMOJIOTMHYECKOIO NMPOUCXOXXOEHUA

A. N. Kanpga B9, A, A. Muxainnoea, E. B. SincmonT, J1. J1. Ikannapoea, B. B. MNMasneHko
KpbIMckuin hefiepanbHbit yHUBEpCUTET UMeHmn B. V. BepHaackoro, Cumdeponons, Poccus

B HacTosiLLee Bpems akTyasbHa padpaboTka MHTePdEenCoB MO3M-KOMMBLIOTED, OCHOBAaHHbIX Ha MCMOMb30BaHMN MapamMeTPOB PEaKTUBHOCTU CEHCOMOTOPHbIX
putMoB 93T 1 NpeaHasdHaYeHHbIX A8 peabunuTaummn Nloaein ¢ HapyleHusMn aBuraTenbHbiX OyHKUMA, B TOM 4ncne geten. Llenbto paboTbl 6bin10
npoaHanM3npoBaTh PeakTUBHOCTb W-puTMa D3I B MHAMBMAYaNbHO ONpeaeneHHOM YacTOTHOM Amana3oHe y AETen nMpu UMUTaumn ABVKEHUI BU3yalbHbIX
06pa3oB BUONOrMHECKOro 1 HEBMONOMMHECKOrO NMPOUCXOXKAEHNS. DI perncTpnpoBan Bo (PPOHTasTbHbIX, LEHTPanbHbIX M NapueTanbHbIX 00nacTax Kopbl y
136 HOpMaIbHO pasBMBaOLLMXCS AeTer-npaslent 4—15 neT B COCTOSHUM ABUraTENbHOMO MOKOS, a TakKe MNP CaMOCTOATENBHOM BbINOSHEHN U UMUTAUMN
[OBVKEHNIA C MOMOLLbIO KOMIMBIOTEPHON MbILK. 1P BbINOAHEHNN AETbMN CaMOCTOSTENBbHbBIX ABUXEHNA KOMMBIOTEPHOW MbILLIBIO (F“ e = 31,17, p < 0,001)
NPV OCYLLECTBNEHNM KOHLEHTPUHECKX NEPEMELLIEHIA LIBETHOMO Kpyra (Fw, 10 = 90,34; p < 0,001) pasBrBaeTCs AECHUHXPOHM3ALMS U-PUTMa BO (DPOHTASIBbHBIX,
LieHTpasbHbIX 1 NMapueTasnbHbIx 06nacTsx HeokopTekca. Mpn UMUTaLWMN ABMKEHNIA BU3yanbHbIX 06pa30B HEBMONOrMHYECKOrO MPOVCXOXAEHMS!, MO CPaBHEHNIO C
3alaH1eM Ha BbIMOSIHEHNE CaMOCTOATESNbHbIX ABVKEHWIA, Oblfa BbIABfIEHa CUHXPOHM3aUWs J-pruTtma (F“ 120 = 12,65; p < 0,001). Mpy nogpadkaH1 ABMKEHNAM
BU3yaslbHbIX OOPA30B GMOMOTMHECKOTO MPONCXOKAEHNSI OTHOCUTESbHO CaMOCTOSITENbHbBIX [ABVKEHWI BblSIBEHa [ECUHXPOHM3aUms p-putMa (F, ., = 9,58;
p =0,002). OaHHble 3chheKTbl MMen CBOM 0COBEHHOCTM B rpynnax aeten 4-6, 7-9, 10-12 n 13-15 net. Peaynsrarsl MCCNeaoBaHMs rMokasbiBatoT LENecoobpasHoCcTb
y4eTa BO3paCTHbIX OCOBEHHOCTEN PEaKTUBHOCTY U-pUTMa 1 XapakTepa NpeabsBnseMblx 3pUTeNbHbIX CTVMY/IOB NpK paspaboTke NporpaMMHOro obecnedeHus
NHTEPdENCOB MO3r-KOMMBIOTEP.

KnioyeBble cnosa: aetvt; O30, U-pyUT™; UMUTaLWIS; BMOMOrMYECKOoe ABVKEHNE; HEOMONOrNHYECKOE ABVKEHNE

®dUHaAHCUPOBaHUE: VICCNEeAoBaHNs BbINOHEHbI B paMKax Tembl: «PaspaboTka KOMMIeKca 9K30CKeNeTa KUCTU C BHELUHVM MPOrpaMMHbIM yrpaBieHem 1
Bronor4ecKon obpaTHOM CBA3LIO A1t MPoLEeaypbl peabunutaumn aetel ¢ cuHgpomom ALUM» npy rHaHcoBoM noaaepke MyHUCTEpCTBa HayKu 1 BbICLLIErO
obpazoaHnsa Poccuiickon ®epepaummn (RFMEFIB0519X0186).
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The human’s ability to understand the goal of action and imitate  allowing one to master various types of activities and norms
is necessary for effective integration into the social environment,  of behavior in society. The mirror neuron system (MNS)
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is important for recognition of movements and associated
intentions. Mirror neurons are neurons able to activate in a
similar way, both when executing actions, and when watching
other individuals executing similar actions [1, 2]. It has been
suggested that MNS plays an important role in the complex
forms of social interaction. [3].

Desynchronization of the EEG sensorimotor rhythm, the
u-rhythm, is considered to be a marker of MNS activation
[4]. Since modulations of the a-rhythm in the occipital region
can overlap the effects of y-rhythm desynchronization [5], to
determine the individual frequency range and reactivity, the
following features are taken into account: unlike the occipital
a-rhythm, the p-rhythm is most pronounced in the fronto-
parietal regions; the p-rhythm amplitude decreases when the
subject moves, imagines movement or watches the other
subjects’ movement, but does not change significantly when
the subject opens or closes the eyes [6, 7].

Sensorimotor rhythm amplitude depression during
the biological motion watching is more pronounced than
during watching the non-biological motion [8], which is also
characteristic of watching social actions, compared to actions
outside the social context [9]. Regarding the movement
imitation, it is assumed that imitation is associated with the
activation of human MNS, and is the result of the comparison
of the observed action and the internal motor plan for the
execution of action [10].

The study of MNS and p-rhythm reactivity is of special
interest in a view of new methods development for rehabilitation
of patients with various motor impairments using brain-
computer interfaces [11, 12]. In particular, in the treatment of
adult patients, the synchronous interfaces are used, based on
the analysis of the EEG sensorimotor rhythms reactivity when
representing the movement in response to the signal presented
[13, 14]. Recently, such methods are beginning to be used
for rehabilitation of children with cerebral palsy [15]. Symbols
or text commands are reported to be used as the signals
presented to patients. However, the concept of MNS suggests
that stimuli visually representing movements and requiring the
simulation of movements could be more effective for triggering
reactions in the EEG p-rhythm range. It should be noted that
when working with children it is preferable to use the actions
that are in the child’s motor repertoire for more effective task
execution [16]. The study was aimed to analyse the EEG
u-rhythm under conditions of biological and non-biological
motion imitation in children aged 4-15 using the computer
pointer device, the mouse. Now, even the preschool children
are familiar with the computer mouse operation.

METHODS
Characteristics of a sample

The study was performed at the Center for Collective Use of
Scientific Equipment "Experimental physiology and biophysics”
of V.I. Vernadsky Crimean Federal University.

The study included 136 righ-handed children aged 4-15
(69 boys and 67 girls). Inclusion criteria: normal (or corrected
to normal) vision and hearing; preferred right hand when
operating the computer mouse; sufficient degree of cognitive
development (IQ at least 80 points according to the Wechsler
scale, variants WPPSI and WISC). Exclusion criteria: taking
the CNS affecting drugs; severe chronic somatic diseases.
The children were divided into four age groups: 4-6 years (30
people), 7-9 years (46 people), 10-12 years (30 people) and
13-15 years (30 people).

EEG recording

EEG recording was performed using the Neuron-Spectrum-3
EEG System (Neurosoft; Russia). Data were obtained using the
WINEEG version 2.8 software (available for free). Independent
component analysis was used for the artifacts correction. The
19 monopolar EEG electrodes were used in accordance with
the 10-20 system. In our study, the frontal, central and parietal
neocortical regions were the area of concern (F3, F4, Fz, C3,
C4, Cz, P3, P4, Pz loci). Paired electrodes attached to the the
ear lobes were the reference electrode. Cut-off frequencies of
the high and low pass filters were 1.5 and 35 Hz, respectively,
EEG digitization rate was 250 Hz.

EEG recording was performed while the children performed
a queue of sequential tasks, the duration of each task was
30 s. EEG segments were processed using the Fast Fourier
Transform with the 4 epoch of analysis and 50% mutual
overlapping of epochs.

To imitate the non-biological motion, the following tasks
were used:

1) gaze fixation on the video of the computer mouse
(baseline);

2) concentric moving of the coloured circle on the monitor
screen using the computer mouse (Mn.1) (Fig. 1A);

3) imitation of the other coloured circle’s motion (imitation of
non-biological motion, IMNB) (Fig. 1B).

When imitating the biological motion, the subject and the
researcher were located at the tables next to each other (the
researcher on the right), each of tables had a monitor and a
computer mouse on it. Using the webcam, the working plane of
the researcher’s table with the mouse on it was demonstrated
on the monitor in front of the subject. The tasks queue was as
follows:

1) gaze fixation on the video of the computer mouse
(baseline);

- g e (el e

. mia o e w00

Fig. 1. Task queue. A. Concentric colored circle moving on the monitor screen
using the computer mouse (Mn.1). B. Imitation of other colored circle’s movement
(ImNB). C. Children move the computer mouse in circle on their own (Mn.2).
D. Children imitate the researcher’s movements (ImB)
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2) moving the computer mouse in a circle by children on
their own (Mn.2) (Fig. 1C);

3) imitation of the researcher’s movements by the children
(imitation of biological motion, ImB) (Fig. 1D).

EEG was analysed in the individual y-rhythm frequency
range defined when the subject moved his right hand on his
own (C3). The full frequency range of the p-rhythm (6-13 Hz)
was divided into segments of 1 Hz. As an individual frequency
range, two adjacent segments were taken with maximum
desynchronization in relation to baseline [17]. The p-rhythm
amplitude within the individual frequency range was calculated
for each experimental situation. Log transformation was used
for normalization of the amplitude values distribution.

Reactivity indices were used for comparison of p-rhythm
parameters under conditions of biological and non-biological
movement imitation. These indices were calculated according
to the generally accepted scheme [18] using the following
formula: kK = In (B/A), where k is the sensorimotor rhythm
reactivity index, B is the sensorimotor rhythm amplitude in the
major situation, and A is the sensorimotor rhythm amplitude
in the initial reference situation (baseline or subjects’ moving
on their own). Positive reactivity index values corresponded
to synchronization of the sensorimotor rhythm, and negative
values corresponded to desynchronization.

Statistical analysis

Statistical analysis was performed using the STATISTICA 12.0
software (StatSoft Inc.; USA). To describe the non-normal
distributions, median and interquartile range were used, the
differences between the groups were evaluated using the
Mann-Whitney U-test. For normal data distribution, the mean
and standard error of the mean were used. The differences of
the amplitude and reactivity indices of the p-rhythm recorded
in different experimental situations were evaluated by the
repeated measures ANOVA. The 4x2x9 scheme was used
for assessment of the one intersubjective factor (age group,
AGE) and two intrasubjective factors (situation, SIT, and locus,
LOC) influence. To calculate the statistical significance of the
sensorimotor rhythm differences in relation to each of the nine
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EEG derivations within each age group, the ad-hoc analysis
method (F-distribution estimation) was used.

RESULTS
u-rhythm frequency parameters

The median values of the individual p-rhythm range lower
boundary were 9 Hz (8.5; 10), the extreme values were 6 and
11 Hz. The median values of the individual p-rhythm range
upper boundary were 11 Hz (10.5; 12), and the extreme values
were 8 and 13 Hz. The differences between the age groups
were not significant.

EEG p-rhythm amplitude at rest and under condition of
motion execution and imitation

The p-rhythm amplitude differences analysis of variance in the
Mn.1 situation in relation to baseline taking into account the
age group and EEG locus revealed the sifnificant influence
of the SIT (F, ,,, = 90.34; p < 0.001), AGE (F, ,,, = 10.18;
p < 0.001) and LOC (F, o, = 73.06; p < 0.001) factors, as
well as the SITxLOC interaction (F, ., = 41.28; p < 0.001).
Compared to Mn.1, in the ImNB situation the SIT (F, ,,, =
12.65; p < 0.001), AGE (F, ,,, = 14.67; p < 0.001) and LOC
(Fg, 105 = 39.43; p < 0.001) factors significantly affected the
u-rhythm amplitude changes.

The p-rhythm amplitude differences analysis of variance in
the Mn.2 situation in relation to baseline taking into account
the age group and EEG locus revealed the sifnificant influence
of the SIT (F, ,,, = 31.17; p < 0.001), AGE (F, ,;, = 6.46;
p < 0.001) and LOC (F, ., = 71.55; p < 0.001), factors, as
well as the SITXLOC (F,, ..., = 28.32; p < 0.001) and SITXAGE

(F = 6.35, p < 0.001) interactions. Evaluation of the

3, 132
u-rhythm amplitude changes in the ImB situation in relation
to Mn.2 revealed the significant influence of the SIT (F.

1,182
9.58; p = 0.002), AGE (F, = 18.63; p < 0.001) and LOC

3, 132
(Fg 1056 = 54.08; p < 0.001) factors, as well as the SITxLOC
(FB, 1055 = 3.28; p = 0.001) and SITxAGE (FS, 1 = 6.2;

p = 0.001) interactions.
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Fig. 2. EEG p-rhythm amplitude (A, Ln pV) in children aged 4-6 during imitation of non-biological (A) and biological (B) motion. 1 — baseline, 2 — autonomous
movements’ execution at arbitrary speed, 3 — motion imitation. Amplitude differences between baseline and autonomous movements’ execution: * — p < 0.05; ** —
p <0.01; ** — p < 0.001; when executing autonomous movements and imitating: 4 — p < 0.05
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In children aged 4-6 executing the concentric moving
of the coloured circle, the significant EEG p-rhythm
desynchronization was detected (Mn.1 in relation to baseline)
in most studied regions. The p-rhythm amplitude changes
in children imitating the coloured circle movement (ImMNB
in relation to Mn.1) were not significant (Fig. 2A). When the
children of that age moved the computer mouse on their own,
the significant EEG p-rhythm amplitude increase (Mn.2 in
relation to baseline) was detected in the the right hemisphere
central locus (C4). When the children imitated the researcher’s
movements, the sensorimotor rhythm desynchronization (ImB
in relation to Mn.2) was registered in the B mid-parietal locus
(P2) (Fig. 2B).

In the group of children aged 7-9, the significant depression
of p-rhythm in the Mn.1 situation was observed in most
studied regions. In the ImMNB situation (in relation to Mn.1)
the p-rhythm amplitude changes were not significant (Fig. 3A).
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In the Mn.2 situation the significant sensorimotor rhythm
desynchronization was detected in the central (C3 and Cz) and
all parietal loci. In the ImB situation (in relation to Mn.2) there
were no significant p-rhythm amplitude changes (Fig. 3B).

In children aged 10-12, in the Mn.1 sitiation the significant
y-rhythm suppression was detected in most studied loci.
During the coloured circle movement imitation the significant
sensorimotor rhythm synchronization (ImNB in relation to Mn.1)
was detected in the mid-frontal locus (Fig. 4A). In the Mn.2
situation the significant decrease in p-rhythm amplitude was
observed in the central (C3 n Cz) and all parietal loci. In the
ImB situation (in relation to Mn.2) there were no significant
sensorimotor rhythm amplitude changes (Fig. 4B).

In the group of teenagers aged 13-15, in the Mn.1
sitiation the significant p-rhythm suppression was observed in
most studied loci. During the non-biological motion imitation
(ImMNB in relation to Mn.1) the significant sensorimotor rhythm
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Fig. 3. EEG p-rhythm amplitude (A, Ln pV) in the group of children aged 7-9 during imitation of non-biological (A) and biological (B) motion. The remaining notation is

the same as in Fig. 2
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Fig. 4. EEG p-rhythm amplitude (A, Ln pV) in the group of children aged 10-12 during imitation of non-biological (A) and biological (B) motion. The remaining notation

is the same as in Fig. 2
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synchronization was detected in most studied regions (Fig. 5A).
When the subjects moved the computer mouse on their own,
significant sensorimotor rhythm desynchronization (Mn.2 in
relation to baseline) was registered in all studied regions. In the
ImB situation, the additional (compared to previous task)
u-rhythm desynchronization was observed that was significant
in all loci (Fig. 5B).

EEG p-rhythm reactivity comparison under conditions of
biological and non-biological motion imitation

To evaluate the differences of y-rhythm reactivity in the ImMNB
and ImB situations (compared to execution of movements by
children on their own at arbitrary speed), the reactivity indices
analysis of variance was performed taking into account the
age group and EEG locus. The mean p-rhythm reactivity index
values for children of four age groups are presented in Tables 1
and 2. The significant impact of SIT (F, ,,, = 21.85; p < 0.001)
and LOC (F, o5 = 3.95; p < 0.001) factors, as well as the
SITxAGE interaction (F, ,,, = 5.52; p = 0.001) was revealed.
In the group of pre-school children, the significant y-rhythm
reactivity indices differences in the IMNB and ImB situations
were detected in the parietal loci Pz and P4 (p = 0.03). In
children aged 7-9, the significant differences were observed in
the locus Fz (p = 0.04). In children aged 10-12, no significant
u-rhythm reactivity indices differences were detected. In the
group of teenagers aged 13-15, the differences were significant
in all studied regions (p < 0.001).

DISCUSSION

According to the study results, the individual sensorimotor
rhythm frequency ranges of the 4-15 years old children
vary widely, and there are no significant differences in the
mean values between different age groups. In the other
authors’s paper [19] reporting the EEG p-rhythm reactivity
analysis in the selected frequency range in children aged
4-11, the average sencorimotor rhythm band was 9-11 Hz.
High sensorimotor rhythm parameters variability among the
individuals and no association with the children’s age were
detected. These indicate the need to determine the children’s
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individual frequency range when studying the sensorimotor
rhythm reactivity, as well as when attempting the correction
using the p-rhythm parameters (EEG based neurofeedback
training, correction using the brain-computer interface).

Analysis of the p-rhythm amplitude changes demonstrated
that in 4-6 years old children arbitrarily moving the coloured
circle (Mn.1) the significant EEG p-rhythm desynchronization in
the frontal and central loci of left hemisphere, as well as in the
median frontal and all parietal loci (F3, Fz, C3, P3, Pz, P4) could
be detected. The results of our study are consistent with the
literature data on the sensorimotor rhythm desynchronization
during the voluntary movements’ execution [20]. When the
children moved the computer mouse on their own (Mn.2),
no significant p-rhythm amplitude decrease was observed. It
is possible that for children of this age, the task of relatively
simple circular movements’ execution with a computer mouse
was simpler than the task of capturing and moving a colored
circle using the computer mouse left button, and it did not
require any special motor control. During the task execution,
the significant EEG p-rhythm amplitude increase in the locus
C4 was registered, which could be due to inhibition of the
ipsilateral hemisphere (in relation to the hand used) [21].

In the groups of children aged 7-9 and 10-12 executing
the movements on their own, the p-rhythm desynchronization
was detected in most studied regions. The concentric
coloured circle moving (Mn.1) unlike the mouse moving in a
circle (Mn.2) was also associated with the sensorimotor rhythm
desynchronization in the frontal loci (F3, Fz). It is known that
the frontal cortical regions are responsible for planning and
preparation of complex movements [22]. It is also assumed
that more complex motor actions are accompanied by a more
widespread p-activity desynchronization [23]. Presumably,
moving the color circle in the group of 7-12 years old
children, as well as in the group of younger children, required
considerable effort, which led to the involvement of the cerebral
cortex frontal region.

The situations of biological and non-biological motion
imitation in children aged 4-6, 7-9 and 10-12 were associated
with almost no additional modulation of the p-rhythm in
relation to the arbitrary movements’ execution. This may
indicate that in children of said age the required for processing

7
1.0 1.0 1.0
0.8 0.8 0,8
0.6 0.6 1L e 0.6 .
0.4 7 .. 04 Aa 0.4 Aa
0.2 I 02 L, 02 1
0.0 0.0 0.0

c3 cz c4
1.0 1.0 1.0
0.8 0811 . 0.8 .
0.6 0.6 s 06 4
0.4 ass 04 I. 04 o
0.2 L 02 0.2
0.0 0.0 0.0

P3 Pz P4
1.0 1.0 1.0
8'2 0.8 I o8

) 0.6 asa 0B asa

0.4 “1h 04 I 0.4 I
0.2 0.2 0.2
0.0 0.0 0.0

Fig. 5. EEG p-rhythm amplitude (A, Ln pV) in the group of children aged 13-15 during imitation of non-biological (A) and biological (B) motion. Amplitude differences
when executing autonomous movements and imitating: 44 — p < 0.01; 444 — p < 0.001. The remaining notation is the same as in Fig. 2
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Table 1. Reactivity indices mean values (together with standard error of the mean) obtained during imitation of non-biological motion
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EEG electrodes
Group
F3 Fz F4 C3 Cz C4 P3 Pz P4
4-6 years 0.03 + 0.04 0.04 +0.04 0.03 + 0.03 0.03+0.04 | -0.02+0.04 [ 0.04 +0.03 0.02 + 0.04 0.03 + 0.04 0.04 + 0.04
7-9 years 0.05 + 0.03 0.06 + 0.03 0.05 + 0.03 0.05 + 0.03 0.04 +0.03 0.00 + 0.05 0.04 +0.08 | -0.01 +£0.03 | 0.03 +0.03
10-12 years | 0.06 + 0.04 0.09 + 0.04 0.05 + 0.04 0.03 + 0.04 0.04 +0.038 0.06 + 0.03 0.01 +0.04 0.01 +0.04 0.05 +0.05
13-15years | 0.11 +0.04 0.11 +0.05 0.07 + 0.04 0.12+0.03 0.10 + 0.08 0.11 +0.04 0.09 + 0.03 0.05 +0.03 0.01 +0.03
Note: positive reactivity index values correspond to sensorimotor rhythm synchronization, negative values correspond to desynchronization.
Table 2. Reactivity indices mean values (together with standard error of the mean) obtained during imitation of biological motion
EEG electrodes
Group
F3 Fz F4 C3 Cz C4 P3 Pz P4
4-6 years 0.04 +0.04 | -0.01+0.05 [ 0.01+0.05 0.01 +0.04 | -0.07 +0.05 [ -0.07 +0.06 | -0.06 +0.05 | -0.09 + 0.05 | -0.06 + 0.06
7-9 years -0.03 +0.08 | -0.04 +0.08 | 0.00+0.03 | -0.03+0.02 | -0.08+0.03 | -0.03 +0.04 | -0.04 +0.04 [ -0.06 +0.03 | -0.03 + 0.03
10-12 years | 0.04 +0.05 0.04 +0.04 0.06 + 0.04 0.03 +0.03 0.01 +0.03 0.06 + 0.04 0.03 + 0.03 0.01 +0.04 0.05 +0.03
13-15years | -0.11 +£0.03 | -0.12 + 0.03 | -0.11 +£0.03 | -0.14 +0.03 | -0.12 + 0.04 | -0.11 +£0.04 | -0.18 + 0.03 | -0.21 + 0.04 | -0.20 + 0.03

multimodal information additional neocortical resources are not
sufficiently involved under the conditions of imitation.

In the group of teenagers aged 13-15, the significant
sensorimotor rhythm desynchronization during the autonomous
movements’ execution was detected in all studied regions.
The p-rhythm amplitude decrease above the frontal, central
and parietal loci in elder children may be due to development
of connections between the neocortical regions involved.
During the non-biological motion imitation a smaller drop in
the sensorimotor rhythm amplitude was observed than during
the autonomous movements execution and biological motion
imitation (which is especially pronounced in the frontal and
central loci). It can be assumed, that the need to imitate the
movements of another object (colored circle) led to the shift of
attention to its perception and, as a result, to weakening of one’s
own movements’ motor control. In children of this age, in the
ImB situation, the additional (compared to the observed during
the Mn.2 task execution) significant p-rhythm desynchronization
in all loci was detected. The more pronouced reaction in the
parietal loci is noteworthy. It is known, that parietal cortical
regions are involved into the information processing during
watching the human’s motion (compared to watching the
non-biological objects’ motion) [24]. The sensorimotor rhythm
modulation, revealed by us in the described regions during
the biological motion imitation, may be due to involvement of
the parietal cortex MNS components responsible for coding
of goals underlying the watched movements [25]. The mirror
neurons are associated with the cognitive integration of visual,
auditory and motor stimuli needed for social interaction in
children [26] and adults [27]. Thus, it can be assumed, that the
additional p-rhythm desynchronization during the other man'’s
movements imitation is caused precisely by the social context
to which the MNS is sensitive.

Comparison of the p-rhythm reactivity indices for
imitation tasks revealed that the biological motion
imitation in elder children was associated with the greater
desynchronization, compared with the situation of color circle
movements’ imitation. As already noted, similar features of the
sensorimotor rhythm reactivity during watching the biological
and non-biological objects movements were detected in adult
volunteers [8].

A sensorimotor rhythm reactivity patterns comparative
analysis in children of different ages allows us to come to a
number of conclusions. In the group of youngest children (4-6
years), the most pronounced activation of the frontal, central

and parietal cortical regions, manifested in the p-rhythm
amplitude decrease (more pronounced in the left hemisphere),
is observed during computer mouse operation associated
with a non-biological motion (coloured circle) (Mn.1). Random
rhythm computer mouse movements’ execution (Mn.2)
does not lead to the significant decrease in the p-rhythm
amplitude, and the biological motion imitation (the other
person’s hand movement) is not associated with any additional
activation in most loci. Thus, in the described experimental
situation, in pre-school children, the cortical center of motor
analyzer is especially sensitive to manipulations with biological
objects. In elder children (7-9 and 10-12 vyear), a similar
neocortical activation pattern was revealed during execution of
movements associated with non-biological objects, computer
mouse moving and biological object (researcher’s hand)
motion imitation. Unlike the previously described groups, the
children aged 13-15 demonstrate the significant p-rhythm
desynchronization in the frontal, central and parietal cortical
regions of both hemispheres during imitation of the other
person’s motion.

[t stands to reason, that processes of perception and
other person’s movement imitation in younger children are in
their infance, and in teenagers, these processes are rather
developed and similar to those in adults. In teenagers,
the pronounced p-rhythm desynchronization in all studied
regions during moving on their own or imitating the biological
visual images motion may be due to maturation of motor,
sensorimotor and associative cortical regions involved in the
execution and imitation of movements [28]. The revealed age-
related sensorimotor rhythm reactivity features may be used
for improvement of existing rehabilitation techniques based on
the EEG-controlled robotic systems for children with cerebral
palsy [15].

CONCLUSION

When children aged 4-15 move the computer mouse on
their own, the p-rhythm desynchronization develops in the
frontal, central and parietal neocortical regions, which is more
pronounced in the left hemisphere. When the children aged
4-6, 7-9 and 10-12 imitate the biological and non-biological
motion no significant additional p-rhythm modulation is
revealed, compared to the execution of movements on their
own. In children aged 13-15, the highest sensorimotor rhythm
desynchronization is observed during the resercher’s hand
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motion imitation. When developing the software for brain-
computer interfaces designed for motor function impairment
correction, elements of the non-biological objects’ movement
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CIRCADIAN RHYTHMS OF LEUKEMIA INHIBITORY FACTOR IN THE BLOOD OF PATIENTS
WITH ESSENTIAL HYPERTENSION

Radaeva OA' ™, Simbirtsev AS?, Gromova EV', Iskandiarova MS', Belyaeva SV°

" Institute of Medicine, National Research Mordovia State University, Saransk, Russia
2 State Research Institute of Highly Pure Biopreparations, FMBA, Saint Petersburg, Russia
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Leukemia inhibitory factor (LIF) exerts multidirectional effects in the setting of essential hypertension (EH). There is a mounting body of evidence refuting the
postulate about identical STATS signaling in cardiomyocytes and endothelial/smooth muscle cells, which is important in the situation of extended exposure to gp
130 ligands (LIF in particular). At the same time, there are no reports on the circadian dynamics of peripheral blood LIF concentrations and possible secondary
changes to the pathophysiological effects of this cytokine. This study aimed to analyze the circadian dynamics of LIF concentrations in the peripheral blood serum
measured at 5 different time points in patients with stage Il EH in the presence/absence of antihypertensive therapy and their relationship with the frequency
of complications developing within a 5-year follow-up. Blood serum LIF was measured in 60 patients with stage Il EH using ELISA at 8:00, 14:00, 20:00, 2:00,
and 8:00 o’clock before putting the patients on antihypertensive therapy and one year after its onset. The identified patterns of diurnal LIF concentrations (a rise
by >15% at 20:00, p < 0.001; a further rise by =22% peaking at 2:00, p < 0.001 relative to the values at 8:00) can be regarded as pathologic; their persistence
after one year of antihypertensive therapy is a sign of EH progression and puts the patients at 6-fold risk for cardiovascular complications, including myocardial
infarction and acute cerebrovascular events.
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W3MEHEHMUE CYTOYHOIO PUTMA COOEP>XAHUA MHITMBUPYIOLLEEIO NENKEMUIO ®AKTOPA
B KPOBW BOJIbHbIX 3CCEHUWNAJIbHON MTIMNEPTEH3UEN

O. A. Papaesa'®= A. C. Cumbupues?, E. B. pomosa’, M. C. Vckanasaposa', C. B. bensesa®

T MeoVLMHCKNIA MHCTUTYT HalpmoHaneHoro nccneaosatensckoro MopaoBCKoro rocyaapcTBeHHOro yHeepcuteTa umMenn H. 1. Orapesa, CapaHck, Poccus
2 focynapCTBEHHbIA Hay4HO-MCCNeA0BaTENBCKIA MHCTUTYT 0COB0 YMCTbIX BrionpenapaTtoB PefepanbHoro Meavko-bronorndeckoro areHTcTsa, CaHkT-INeTepbypr, Poccust
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Leukemia inhibitory factor (LIF) exerts a vast variety of
physiological effects through specific LIF receptors located
on the membranes of endothelial cells, monocytes, neurons
and other cells [1] in physiologically relevant quantities [2].
Although LIF signaling pathways through JAK/STAT (Janus
kinase/signal transducer and activator of transcription), MAPK
(mitogen-activated protein kinases) and PI3K (phosphoinositide
3-kinases) are stable, the effects LIF induces in different cell
types can be opposite, including both stimulation and inhibition
of cell differentiation and survival. There is a lot of debate as
to how LIF affects the arterial wall in patients with essential
hypertension (EH) since the mechanism underlying STAT3
activation is redox-sensitive [3] and its directionality changes
in the setting of chronically elevated blood pressure, distorting
LIF effects. There is a growing body of evidence refuting the
postulate about identical STAT3 signaling in cardiomyocytes
and endothelial/smooth muscle cells, which is important in
the situation of extended exposure to gp 130 ligands (LIF
in particular) [4]. Research has demonstrated that factors
implicated in EH progression and the risk of EH complications
are dependent on time of day [5], proving the significance of
investigating both the levels of cytokines involved and diurnal
variations in their concentrations.

The aim of this study was to analyze the circadian rhythms
of LIF concentrations in the peripheral blood serum measured
at 5 different time points (8:00, 14:00, 20:00, 2:00, and 8:00
o’clock) in patients with stage Il EH in the presence/absence
of antihypertensive therapy and their relationship with the
frequency of complications developing within a 5-year follow-up.

METHODS

In 2008 through 2019, a study called Cytokines in the
pathogenesis of essential hypertension was carried out at
the Institute of Medicine (National Research Mordovia State
University) and the Regional Vascular Center (Republican Clinical
Hospital Ne 4).

As part of the study, a group of 60 patients with stage I
EH (30 men and 30 women) was formed to explore how
LIF production changed over a 24-hour cycle. The following
inclusion criteria were applied: individuals with stage Il EH,
born in 1955-1956, who had a 10- to 14-year history of

the disease, were not receiving any antihypertensive therapy
at the beginning of the study but were subsequently put on
therapy (ACE inhibitors + diuretics) to achieve a target blood
pressure, as recommended by the Russian guidelines on the
diagnosis and treatment of hypertension (2010) [6], which they
did within a year that followed; total cholesterol < 5.0 mmol/L,
LDL < 3.0 mmol/L, HDL > 1.0 mmol/L, triglycerides < 1.7 mmol/L,
glucose < 5.5 mg/dl, BMI < 30 kg/m?, comparable risk
of developing EH-related complications. Patients with
hypertension-associated comorbidities, types 1 or 2 diabetes
mellitus, autoimmune disorders, allergies, or symptomatic
hypertension were excluded from the study. The control group
consisted of 30 seemingly healthy individuals (15 men and 15
women) with systolic BP of 100 to 130 mmHg and diastolic BP
of 70 to 89 mmHg; the groups were comparable in terms of
age and blood biochemistry.

Blood samples (2 ml) were collected prior to the onset of
antinypertensive therapy (2014) and one year after the start
of treatment (2015) at 8:00, 14:00, 20:00, 2:00, and 8:00
o’clock (the fasting period was at least 6 hours). The time
points were selected based on the results of our pilot study
(blood samples had been collected from 7 individuals at 7:00,
8:00, 10:00, 12:00, 14:00, 16:00, 18:00, 20:00, 22:00, 00:00,
2:00, 4:00, 6:00, 7:00, and 8:00 o’clock). Time elapsed from
sample collection to sample freezing was 60 min. Serum
LIF concentrations were measured using ELISA kits (Bender
MedSystems; USA).

Follow-up phone interviews were conducted annually (2014—
2019) to obtain information about possible complications,
such as myocardial infarction (Ml), acute cerebrovascular
events (ACVE) and transient ischemic attacks (TIA), which
were subsequently confirmed by clinical and diagnostic tests,
including ECG, echocardiography, troponin tests, brain CT scans.

The obtained data were processed in Statistica 10.0 (Stat
Soft; USA). Normality of data distribution was analyzed using the
one-sample Kolmogorov—Smirnov test. Based on the obtained
results, we used the paired t-test to compare the results of
pre-treatment blood tests taken at 8:00, 14:00, 20:00, 2:00,
and 8:00 o’clock in the group of patients with stage Il EH; the
Wilcoxon test was applied to compare the data in the group
of patients on antihypertensive therapy one year after its onset
and also in healthy controls. Intergroup comparison was carried

Table 1. LIF concentrations (pg/ml) in the peripheral blood serum in patients with stage Il EH at 8:00, 14:00, 20:00, 2:00, and 8:00 o’clock (next day) in the absence/
presence of antihypertensive therapy in patients with or without cardiovascular complications developed in the 5-year follow-up period (Me (Q25%-Q75%))

8.00 14.00 20.00 2.00 8.00
(day 1) (day 1) (day 1) (day 2) (day 2)
Patients with EH (before therapy), g . 9.02 [7.52-9.73] 10.1 [9.44-11.8] 7.53 [6.65-8.22]
n=60 a 7.51[6.58-8.34] 7.58 [6.47-8.41] *8.00. 14.00 *8.00. 14.00. 20.00 *20.00. 2.00
;'iaggy controls, b | 1.41[1.02-1.83] 1.38 [1.04-1.79] 1.45 [1.06-1.78] 1.42[1.03-1.81] 1.37 [0.99-1.79]
p(b-a) < 0.001 p(b-a) < 0.001 p(b-a) < 0.001 p(b-a) < 0.001 p(b-a) < 0.001
Patients with EH (one year in treatment), > . 8.95 [7.63-9.58] 7.62 [6.84-8.63] 7.58 [6.62-8.31]
n =60, of them: ¢ 7.54[6.57-8.38] 7.61[6.53-8.44] *8.00. 14.00 '8.00 *20.00 *20.00
p(c-a) > 0.05 p(c-a) > 0.05 p(c-a) > 0.05 p(c-a) < 0.001 p(c-a) < 0.05
p(c-b) < 0.001 p(c-b) < 0.001 p(c-b) < 0.001 p(c-b) < 0.001 p(c-b) < 0.001
5-year follow-up — MI, ACVE, g g 9.01 [7.56-9.61] 9.69 [8.91-9.98] 7.72[6.71-8.17]
n=15 c 7.66[6.68-8.22] 7.59[6.49-8.37] *8.00. 14.00 *8.00. 14.00. 20.00 *20.00. 2.00
5-year follow-up — no g . 8.79 [7.98-9.62] 7.55 [6.93-8.21] 7.36 [6.51-8.24]
complications, n = 45 2 7.58[6.52-8.41] 7.62[6.5-8.42] *8.00. 14.00 *20.00 *20.00
p(c2-c1) > 0.05 p(c2—c1) > 0.05 p(c2-c1) > 0.05 p(c2-c1) < 0.001 p(c2-c1) > 0.05
Note: significant for comparisons with the specified time of blood collection or the group (a, b, ¢, c1, ¢2); * —p < 0.001; »* — p < 0.01; ' — p < 0.05. The paired t-test

was applied for intragroup comparison of pretreatment results obtained at 8:00, 14:00, 20:00, 2:00 and 8:00 o’clock. The Wilcoxon test was applied for intragroup
comparison in the group of patients after one year of treatment and in the healthy controls. The Mann-Whitney U test was applied to compare independent samples.
The Wilcoxon test was applied to compare dependent samples.
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out using the Mann-Whitney U (for independent samples) and
the Wilcoxon test (for dependent samples). Below, the data are
presented as a median (Me) and percentiles (Q0.25-Q0.75).
When comparing the subgroups, the Bonferroni correction for
multiple comparisons was applied, ensuring the reliability of the
statistical data. We calculated the absolute and relative risks of
developing MI and ACVE, 95% ClI, sensitivity and specificity.
The analysis was aided by Fisher’s exact test (¢) and Pearson’s
correlation coefficient (C') were used.

RESULTS

The analysis revealed significant qualitative and quantitative
differences in the circadian rhythms of blood serum LIF
between the control group and the patients with stage |l
EH and a 10-14-year history of the disease who were not
on antihypertensive therapy at the beginning of the study. In
patients with stage Il EH, LIF levels measured at 8:00, 14:00,
20:00 and 2:00 o’clock were 5-7.5 times higher (o < 0.001) than
in the healthy individuals (Table 1). In the group of patients
with EH, a significant increase in LIF levels relative to 8:00
measurements (by 20.1% (16.7-24.3%); p < 0.001) was
observed at 20:00, peaking at 2:00 (an increase by 34%
(25.7-43%); p < 0.001). Importantly, in the group of healthy
controls, LIF levels did not change at 14:00, 20:00 and 2:00
o’clock relative to their initial values at 8:00 (p > 0.05). After
being on antihypertensive therapy for one year, the patients
with stage Il EH who had achieved their target blood pressure
demonstrated no decline in LIF concentrations at 8:00, 14:00
and 20:00 o’clock in comparison with pretreatment values
(o <0.01), but the circadian rhythm of the cytokine was different.
In the patients who had been receiving antihypertensive therapy
and had achieved the desired blood pressure, blood serum
LIF peaked at 20:00; measurements taken at 2:00 showed
a decline in LIF concentrations (Table 2) in comparison with

ORIGINAL RESEARCH | CARDIOLOGY

the pretreatment period. In the group of patients undergoing
treatment, the distribution of data differed from Gauss—Laplace
distribution, which prompted us to analyze LIF circadian
rhythms for each individual patient in order to identify the
criteria for heterogeneity. We found that 22 patients undergoing
antinypertensive therapy who had achieved the target blood
pressure had the same circadian rhythms of blood serum LIF
as before therapy (a rise at 20:00 with a peak at 2:00 and a
decline at 8:00; see Table 2).

The analysis of data obtained during the follow-up observation
from the patients undergoing antihypertensive therapy who
had partially recovered normal LIF dynamics (a decline in LIF
concentrations at 2:00) revealed that only 4 of 42 patients had
developed ACVE or MI within a 5-year follow-up period (the
absolute risk of complications was 9.5% (0.63-18.4%)). In the
group of patients with persisting pathological diurnal rhythms of
serum LIF (arise at 20:00, a peak at 2:00 and a return to morning
levels at 8:00), 11 of 18 patients had developed complications
(ACVE, MI); in this group, the absolute risk of complications
was 61.1% (38.6-83.6%). The risk ratio between these two
groups was 6.41 (2.35-17.5%); specificity, 0.84; sensitivity, 0.73;
@ =0.0000 (p <0.05), C' =0.67 (the correlation was very strong).

DISCUSSION

The rise in serum LIF concentrations observed in the patients
with stage Il EH relative to the healthy controls can be explained
by impaired integration of LIFR/CD118 and gp130 signaling
under oxidative stress accompanying EH, which affects the
catalytic activity of JAK [7] and can stimulate LIF secretion.
The elevation of LIF levels at 20:00 o’clock, with a further
rise peaking at 2:00 observed in the study participants prior
to antihypertensive therapy and also in some patients who
had reached the desired blood pressure and were still on
antinypertensive drugs is pathogenically relevant: there are

Table 2. The percentage of deviations of blood serum LIF (pg/ml) measured at 14.00, 20.00, 2.00 and 8.00 o’clock (next day) from the initial concentrations measured
at 8:00 of the first day in patients with stage Il EH in the absence/presence of antihypertensive therapy with or without cardiovascular complications developed in the

5-year follow-up period (Me (Q25%-Q75%))

Groups 8.00 14.00 20.00 8.00
P (day 1) (day 1) (day 1) (day 2)
Patients with EH (before therapy), A g . 34 [25.7-33] *14.00. 1.06 [-1.05-3.65]
ne60 a 0.91 [-1.67-2.54] 20.1 [16.7-24.3] *14.00 20.00 *90,00. 2.00
I'j‘iaggy controls, b -1.08 [-2.03-1.19] 2.81[1.93-3.22] 0. 98 [-0.13-2.03] 1.03 [-1.72-2.56]
p(b-a) > 0.05 p(b-a) < 0.001 p(b-a) < 0.001 p(b-a) > 0.05
Patients with EH (one year in treatment), = N . N 6.32 [2.08-14.4] 0.76 [-0.45-2.21]
n =60, of them c 0.93[-0.61-2.0] 18.9[15.9-24.1]714.00 *14.00. 20.00 *20.00. 2.00
p(c-a) > 0.05 p(c-a) > 0.05 p(c-a) < 0.001 p(c-a) > 0.05
plc-b) > 0.05 plc-b) < 0.001 p(c-b) < 0.05 plc-b) > 0.05
5-year follow-up — MI, ACVE, N ¥ . _ . 26.5 [22.3-28.1] 0.22 [-1.35-2.33]
n-15 cl 0.91 [-2.83-1.8] 19.9 [15.1-23.8] *14.00 *14.00. 20.00 *90.00. 2.00
p(cl-a) > 0.05 p(cl-a) > 0.05 p(cl-a) > 0.05 p(c1-a) > 0.05
plc1-b) > 0.05 plc1-b) < 0.001 plc1-b) < 0.001 plcl-b) > 0.05
5-year follow-up — no complications, > . . N 2.29 [-0.35-5.44] 0.92 [-0.62-2.13]
o5 @ 0.52 [-0.47-1.67] 18.1 [14.8-23.8] *14.00 114,00 20.00 420.00. 2,00
plca—cl) > 0.05 plca-b) | plce-cl) > 0.05 plce-b) | P21 <0.001 ple2-ct) > 0.05
>0.05 p(c2-2) > 0.05 | <0.001 pc2-a) > 0.05 ple2-b) < 0.05 ple2-b) > 0.05
: : : : plc2-a) < 0.001 plc2-a) > 0.05
Note: significant for comparisons with the specified time of blood collection or the group (a, b, ¢, c1, ¢2). *— p <0.001; * —p < 0.01; ' — p < 0.05. The paired t-test

was applied for intragroup comparison of pretreatment results obtained at 8:00, 14:00, 20:00, 2:00 and 8:00 o’clock. The Wilcoxon test was applied for intragroup
comparison in the group of patients after one year of treatment and in the healthy controls. The Mann-Whitney U test was applied to compare independent samples.

The Wilcoxon test was applied to compare dependent samples.
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reports that LIF-dependent stimulation of STAT3 in endothelial
cells triggers the inflammatory cascade [8] and IL1 activation;
in turn, this causes a more pronounced EH progression in the
evening (20:00) and at night (2:00), when proinflammatory
activity of IL1ra and IL10 is low, through the activation of protein
arginine methyltransferase and the inhibition of dimethylarginine,
leading to an imbalance in the NO synthesis system. Previously
[9], we reported an increased left ventricular mass index, a
low mean fiber shortening fraction and a reliable association
with pronounced concentric left ventricular hypertrophy in
patients with EH and elevated LIF (>7.5 pg/ml). The observed
pathophysiological process led us to hypothesize that patients
whose LIF levels were growing between 20:00 and 2:00 in the
setting of antihypertensive therapy were at increased risk for
cardiovascular complications. The hypothesis was confirmed in
the course of this study. LIF-induced cardiac hypertrophy can
be characterized by an early reduction in myocardial contractility
resulting from the transmural changes in cardiomyocytes [10,
11]. In the early stages of the pathology, elevated LIF serves
as a mechanism of compensatory adaptation that stimulates
contractility of cardiomyocytes by increasing the activity of
T-type Ca?-channels [12]. Besides, elevated LIF could be
potentially protective against the inflammation-induced loss
of axons and also promotes survival of oligodendrocytes by
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PREVENTIVE PHARMACOTHERAPY OF TYPE 2 DIABETES MELLITUS IN PATIENTS WITH EARLY
CARBOHYDRATE METABOLISM DISORDERS: LONG-TERM EFFICACY AND CLINICAL OUTCOMES
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Prevention of type 2 diabetes mellitus (T2DM) in prediabetic patients is a pressing concern due to its increasing prevalence. The aim of this study was to evaluate
the efficacy of preventive pharmacotherapy in delaying progression of incident impaired glucose tolerance (IGT) and impaired fasting glycemia (IFG) to T2DM.
The participants of the study (1,136 subjects) found healthy by a regular annual checkup underwent repeat screening for T2DM. Blood samples were processed
following the guidelines for good preanalytical sample preparation. Patents with incident IGT/IFG were prescribed medication therapy with metformin or/and
acarbose. The rate of IGT/IFG conversion to T2DM was evaluated in years 3 and 10 of observation. Carbohydrate metabolism disorders were detected in 18.5%
(n = 210) of the re-screened patients: 5.0% had T2DM, 5.5% had IGT, 8.0% had IFG. Patients with incident T2DM were prescribed blood sugar lowering therapy
and they were excluded from further analysis. Patients with IGT/IFG (n = 151) were given recommendations on lifestyle modification and prescribed metformin (77 %)
or a combination of metformin and acarbose (23%). Three years after the start of observation, the rate of conversion to T2DM was 6.8% in patients undergoing
monotherapy with metformin and 11.4% in patients undergoing combination therapy with metformin and acarbose. After the active follow-up phase was over, the
majority of the patients (n = 85) decided to discontinue preventive therapy without consulting their physicians. Ten years after the active follow-up phase, the rate of
NGT/IFG conversion to T2DM was 38.8% in patients who had discontinued their treatment and 0% in patients still taking metformin (o < 0.01). Long-term therapy
with metformin prevented progression to T2DM in the long run in 83.3% (p < 0.05).
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MEONKAMEHTO3HASA NMPO®UNTAKTUKA CAXAPHOIO ANABETA 2-IrO TUMA 'Y NALUMEHTOB
C PAHHUMW HAPYLLUEHUAMW YTTIEBOAHOIO OBMEHA: 3®PEKTUBHOCTb U KITMHNYECKUE
ncxomgbl P ANUTENbBHOM HABJTFOOAEHUN

B. B. boesa'™= A. H. 3aBbsinos?

T depeparbHbI KIMHAHECKUA LEHTP BbICOKVX MEAVILIMHCKIX TexHOMorn deaepanbHoro Meamyko-61onorieckoro areHTcTea Poccum, Xumkin, MockoBcekast obnacTbs, Poccus
2 POCCUINCKMIA HaUMOHaIbHbIN UCCNeaoBaTeNbCKUA MeaVLMHCKINI yHBepeuTeT uMeHn H. . Mporosa MuHagpasa Poccum, Mocksa, Poccust

AKTyanbHOCTb NpounakTnki caxapHoro auabeta (CL) 2-ro Tmna y naumeHToB ¢ NpeanabeToM yBennyMBaeTcs 13-3a HEeYKOHHOro pacrnpocTpaHeHns
3aboneBaHns. Llenbto paboTbl 6610 OLEHWUTE 3PMEKTUBHOCTE MEAVKAMEHTO3HON MPOMUNAKTUKMA B 3aMEONIEHN TEMMOB KOHBEPCUN BMEPBbIE BbISBIEHHbBIX
HapyLLEHHOW TONEPaHTHOCTU K MIHOKO3€E W HapyLLEHHON rankemun Hatollak (HTT/HMH) B G, 2-ro Tvna. YdacTtHrkam ncenegosanmns (1136 Yenosek), CHMTaBLUMMCS
3[10POBbIMU MOCHE AMCNaHCcepU3aLm, NOBTOPHO NPOBENN CKPUHWHE CLL 2-ro Tvina ¢ cobniofeHnemM npasun npeaHanMTMHeckor NOArOTOBKM 06pa3LioB KPOBM.
[MaumneHTtam ¢ Bnepsble BbisiBNeHHbIMY HTT/HIMH 6bina HagHadeHa Tepanvst MeTopMUHOM W/nnn akapbo3oii, YacToTy koHsepcum HTT/HIMH B CL 2-ro tuna
ouervBan Yepe3 3 1 10 net HabnogeHns. Y 18,5% (n = 210) obcnenosaHHbIX BbISBIN Pa3NHHbIE KATEropu HapyLLEHNS yrmeBoaHoro obmMeHa: C 2-ro tvina —y
5,0%, HTT —y 5,5%, H'H —y 8,0%. MaupeHTam ¢ Bnepsble BbisiBNeHHbIM CL 2-ro Tvna 6bina HasHaveHa caxapoCHVpKatoLLas Tepanis, OHN BbInn CKITKOHeHbI
13 nocnenytolero HabnmopeHns. MaureHtam ¢ HTT/HMH (n = 151) pekomeHnoBanu M3MeHeHre obpasa »WM3HW 1 HasHaqmnm Tepanuio MeThopMmMHOM (77 %)
N METOPMUHOM 1 akapboson (23%). HacToTta kKoHeepcumn C[J 2-ro Tvna B TedeHre 3 NeT akTUBHOIro HabnofeHns coctasmnna 6,8% Ha doHe MoHoTepanum
MeThopMmHOM 1 11,4% — Ha hoHE KOMOUHMPOBAHHOW Tepanin MeT(OPMUHOM 1 akap6o30oi. Mo OKOHYaHWM NepUoAa akTUBHOMO HabMOAEHVSt GONBLLMHCTBO
nawumeHToB (N = 85) caMoCTOATENBbHO NpekpaTuv Tepanuio. Hactota koHsepcumn HTT/HIMH B C, 2-ro Tuna Yeped 10 neT nocne OKOHYaHWs akTMBHOMO HabntoaeHms
B rpynne 6e3 MeamkameHTO3HOM npodmnaktvku coctasmnna 38,8% 1 0% — B rpynne npuHMMaroLLmx MetdopmmH (o < 0,01). MokasaHo, 4To anTensHoe
npvMeHeHve meTopMmnHa npeaynpeamno passutve CL 2-ro Tuna B otganeHHoM nepuoge y 83,3% (p < 0,05).

KniouyeBble cnosa: CaXaprIVI }J,I/IaﬁeT 2-ro Tvna, HapyLlleHHaa rmmukemya HaTollak, HapylleHHas TONepaHTHOCTb K MHOKO3€e, CKPUHKHT, MeTqJOpMI/IH, aKap6osa,
I'IpOd)I/IJ'IaKTI/IKa, rMOKO3a BEHO3HOW Nnasmbl HaToLLaK
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Type 2 diabetes mellitus (T2DM) imposes a huge burden on
society. This disease has a high, steadily rising prevalence
and increases the risk of disabilities and early death in the
affected individuals. It was reported that 4.1 million people in
Russia were living with T2DM in 2018 [1, 2]. But according to
epidemiologic surveillance, the actual number of such patients
could be as high as at least 8 million. Based on extrapolation
from the NATION study data, it is estimated that about 20.7
million Russians with prediabetes are undiagnosed [3] and,
therefore, do not receive therapy or counseling on lifestyle
modification.

Currently, it is not mandatory for healthcare providers to
report patients who test positive for impaired glucose tolerance
and impaired fasting glycemia (IGT/IFG); such patients are
overlooked by statistical reports and are not followed up, so
the actual prevalence of prediabetes remains understudied.

The primary cause of delay in the diagnosis of T2DM and
detection of carbohydrate metabolism disorders in their early
stages is preanalytical errors, specifically failure to comply with
standard procedures for blood sample collection and handling
aimed at inhibiting glycolysis in the sample. Upon sample
collection, blood cells in the test tube undergo glycolysis, which
causes glycose levels to decline and thus skews the result of
the test. This is the reason why screening tests reveal normal
glycose levels in some patients with carbohydrate metabolism
disorders (18.5% in our study); as a result, such patients are
not followed up by their physicians.

Primary care physicians do not always attach due importance
to IGT/IFG. They give their patients some perfunctory advice
on lifestyle modification and do not prescribe any preventive
pharmacotherapy; in turn, the patients do not find it necessary
to follow the recommendations. Importantly, the efficacy of
medication therapy in prediabetic individuals has already been
confirmed by multiple studies [4-7] and meta-analyses [8].

Today, there is a need for implementing effective strategies
for active case-finding of early carbohydrate metabolism
disorders and their treatment. The aim of this study was to
assess the long-term efficacy of preventive pharmacotherapy
in delaying conversion of incident IGT/IFG to T2DM in the real
clinical setting.

OPUIMMHAJIBHOE NCCJIEQOBAHNE | SHOOKPUHOJIOMNA

METHODS
Study participants

The study enrolled 1,136 adult residents of Tambov region
presenting at Tambov Central Regional Hospital for an annual
medical checkup under the annual health screening program in
2007. All patients were found to be healthy. Inclusion criteria:
no history of carbohydrate metabolism disorders; no history of
glucose-lowering therapy. Patients who screened positive for
types 1 or 2 DM were excluded from the study.

Study phases

In the first phase, individuals found healthy after the annual
medical checkup were screened for carbohydrate metabolism
disorders; preventive pharmacotherapy was prescribed to
those at risk for T2DM; the rate of IGT/IFG conversion to T2DM
or normoglycemia within 3 years of follow-up was evaluated.

In the second phase, long-term outcomes were analyzed,
i.e. the rate of IGT/IFG conversion to T2DM or normoglycemia
within 10 years after active follow-up (Fig. 1).

The first phase is essentially a nonrandomized continuous
prospective interventional study; the second phase should be
regarded as a non-randomized retrospective observational
controlled study.

Study duration

The active follow-up phase, which included preventive
pharmacotherapy for T2DM, lasted for 3 years. Some patients
continued their therapy for as long as 13 years. Its long-term
efficacy was evaluated 10 years after the active follow-up
phase was over.

Description of medical intervention
Disorders of carbohydrate metabolism were identified based

on the screening data, including the results of the oral
glucose tolerance test (OGTT). Patients with IGT/IFG received

e Screening of 1.136 healthy individuals: FPG
* OGGT was conducted in 494 individuals based on FPG results
¢ 153 patients were found to have IGT/IFG

¢ Active follow-up: starting preventive pharmacotherapy for T2DM, estimatimg the rate of
IGT/IFG to T2DM or normoglycemia

® Observation (follow-up and treatment at the local healthcare facility)
e Some patients decided to discontinue preventive pharmacotherapy

¢ 127 patients were contacted

* OGTT was performed on 84 of those 127 patients
¢ The rate of IGT/IFG conversion to T2DM or normoglycemia was evaluated

Fig. 1. A study plan. FPG — fasting plasma glucose test; OGTT — 75-gram oral glucose tolerance test
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counseling on lifestyle modification and were prescribed
medication therapy. Ten years after the active follow-up phase,
the patients we were able to contact were re-examined (n = 115).
The primary focus was on the rates of IGT/IFG conversion to
T2DM or normoglycemia during the active follow-up phase in
the setting of preventive pharmacotherapy (3 years) and in the
10 years that had followed.

Analysis of subgroups

In the screening stage, the participants were stratified in groups
by the presence of the metabolic syndrome and risk factors for
T2DM.

In 10 years, the outcomes for metabolic syndrome were
stratified by adherence to long-term T2DM prevention therapy.
The patients available for the analysis (n = 115) were divided into
2 subgroups: subgroup 1 had discontinued their medications
without consulting their physicians (n = 85), subgroup 2 had
been taking metformin throughout the entire observation period
(n =30).

Evaluation of outcomes

Disorders of carbohydrate metabolism were diagnosed
and classified following WHO guidelines published in 1999.
Carbohydrate metabolism was evaluated using a conventional
2-hour 75-gram OGTT. For all samples, glucose measurements
were conducted at the laboratory of Tambov Central Regional
Hospital. Blood samples were collected into test tubes
containing sodium fluoride. Sample preparation was performed
following a standardized analytical technique.

Statistical analysis
The obtained data were processed in Statistica 6.1 (TIBCO;

USA). For the analysis, we used nonparametric statistics,
Pearson’s x?, Fisher's exact test, and Yates’ correction for

contingency tables. Differences were considered significant at
p < 0.05.

RESULTS

Initial screening was conducted in 1,136 individuals who
denied any health complaints. The fasting plasma glucose test
(FPG) revealed plasma glucose levels = 7.0 mmol/l in 73 (6.4%)
individuals. The test was repeated in those patients, confirming
T2DM in 37 cases. They were prescribed medication therapy
and excluded from further observation. The remaining 36
patients had glycemia ranging from 6.1 to 6.9 mmol/l. Those
36 patients and other 181 subjects (of 1,136 study participants)
who tested positive for blood glucose in the same range
underwent OGTT.

In 882 of 1,136 (77.6%) subjects, FPG was below
6.1 mmol/l, which WHO interprets as normal and does
not recommend testing for DM in the short run. However,
according to IDF guidelines (2005), OGTT should be
performed on all patients with the metabolic syndrome (MS)
whose fasting blood sugar levels are = 5.6 mmol/l. Of all
examined study participants, 430 had FPG within the normal
range (5.6-6.0 mmol/l). Of them, MS signs were detected in
169 (39.3%) individuals, who subsequently underwent OGTT,
as recommended by IDF. The rest 261 subjects had not
developed a full clinical picture of MS, but 108 still had risk
factors for T2DM and underwent OGTT (Fig. 2). In total, OGTT
was performed on 494 people.

OGTT revealed that 20 participants (4.0%) had T2DM,
62 participants (12.6%) had impaired glucose tolerance, 91
participants (18.4%) had impaired fasting glucose, and 321
participants (65.0%) had normal glucose tolerance.

Characteristics of the patients included in the study were
previously published in [9].

Of 158 prediabetic patients, 2 (1.3%) had counterindications
for metformin and 26 (16.9%) refused to take acarbose because
of its high cost. Thus, in the first year of active follow-up, there

FPG
n=1136
FPG results
n=1136
n=452 n =430 n=181 n=73
Repeat
MS(-) MS(-) MS(+) MS(-) MS(-) MS(+) FPG
RF(-) RF(+) n=49 RF(-) RF(+) n=169 /\
n=2331 n=72 n=153 n=108
6.1-6.9 T2DM
Y y L n=236 n=37
Repeat Changed lifestyle v l
FPG in X
3 Repeat FPG in 1 year
years 75-gram OGTT (n = 494) Therapy

Fig. 2. Stratification of patients based on screening data for further T2DM diagnostic tests. FPG — fasting plasma glucose test; MS — metabolic syndrome; OGTT —

75-gram oral glucose tolerance test; RF — risk factors for T2DM
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were 90 patients with IFG undergoing therapy with metformin
(500 mg/day), 26 patients with IGT undergoing therapy with
metformin (500 mg/day), 35 patients with IGT undergoing
combination therapy with metformin (500 mg/day) and
acarbose (titrated from 50 mg to a maximum dose of 150 mg
following the titration scheme provided by the manufacturer).
OGTT was repeated in prediabetic patients and those with
normal glucose tolerance in years 2 and 3 of active follow-up.
In year 3, T2DM was detected by OGTT in 4 subjects (1.4%)
with previously normal glucose tolerance; in 1 patient (1.1%)
with IFG undergoing therapy with metformin; in 2 patients
(8.7%) with IGT undergoing treatment with metformin; in
2 patients (6.1%) with IGT undergoing treatment with metformin
and acarbose. By the end of year 3, there were a total of 156
people with IGT/IFG (Fig. 3).

When the active follow-up phase, which included visits to
the endocrinologist, was over, the majority of the patients
discontinued their medications, in spite of having been
recommended not to.

Of 156 patients with IGT/IFG, the analysis of long-term (10
years) outcomes of preventive pharmacotherapy for T2DM was
done in 115 individuals. Causes for not including some patients
in the analysis are shown in Fig. 4.

Of 115 people available for the analysis, 30 (26.1%) were still
taking 500 mg/day metformin at the time of data collection for
our study (2018). Eighty-five patients had chosen to terminate
their treatment; of them 74 did it almost immediately after
3 years of active follow-up. Distribution of patients by type and
duration of preventive pharmacotherapy after the end of the
active follow-up phase is shown in Fig. 5.

OPUIMMHAJIBHOE NCCJIEQOBAHNE | SHOOKPUHOJIOMNA

Causes of poor adherence to treatment were not analyzed
in detail in our study, but it should be noted that the patients
reported not only health-related factors affecting their
adherence but also organizational and financial issues. For
example, the most common cause of non-compliance was the
fact that the patients had not been followed up by their local
endocrinologists and as a result had been refused prescriptions
for preventive medications at their local healthcare facilities.

Results of preventive pharmacotherapy

During the active observation phase, 12 (7.9%) of 151 prediabetic
patients progressed from a carbohydrate metabolism disorder
to T2DM.

In the setting of preventive therapy, OGTT was repeated in
years 2 and 3 of active follow-up. In the IFG group undergoing
treatment with metformin, significant positive outcomes were
achieved by the patients with initial FPG of 5.6-6.0 mmol/l
who were able to normalize their carbohydrate metabolism
in 47.8% cases in year 2 and in 72.9% of cases in year 3 of
observation (x* = 6,195; p = 0.013). OQutcomes of preventive
pharmacotherapy for T2DM in the IFG group achieved during
the active follow-up phase are detailed in [9].

In the IGT group, the patients undergoing combination
therapy with metformin and acarbose demonstrated better
results than the group undergoing treatment with metformin:
normal glucose tolerance was observed in the majority of
patients in combination therapy in year 3 of active follow-up

2 = 7.222; p = 0.007). Of 115 individuals available for the
analysis 10 years later, 30 (26.1%) were still taking metformin

156 prediabetic

patients

87 patients 21 patients
with IFG with IGT
(metformin) (metformin)

17 previously

33,‘,:;?:2.1:8 healthy patients
M+ A) with IFG/IGT
(metformin)

Fig. 3. Stratification of patients by the initial state of carbohydrate metabolism and prescribed therapy. M+A — therapy with metformin and acarbose

Patients with IFG/IGT after 3 years of active follow-up
n=156

10 years of observation

. f Refused to undergo Had counterindications
Unvallable_f(z); contact Dl_ec; OGTT for OGTT
n= n= n=9 he3
OGTT T2DM
n=_84 n=31

Fig. 4. Stratification of patients with IGT/IFG 10 years after the end of the active follow-up phase
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Fig. 5. Distribution of patients by type and duration of preventive pharmacotherapy after the end of the active follow-up phase (years 1 through 10)

(500 mg a day) at the time of data collection for this study
(2018); the duration of acarbose intake was much shorter
(Table 1).

Importantly, patients who had been taking metformin
continuously did not progress to T2DM in the long run and
were able to normalize their blood sugar in comparison with
those who had not been taking preventive pharmacotherapy
(o < 0.05). Ten years after the active follow-up phase, the rate of
IFG/IGT conversion to T2DM was 38.8% in the group without
preventive treatment and 0% in the metformin group (p < 0.01).

Metformin was equally effective in preventing progression
of any type of carbohydrate metabolism disorders into T2DM:
no statistically significant differences in terms of outcomes were
observed between the patients with IFG/IGT undergoing long-
term preventive pharmacotherapy with metformin (Table 2).

Even short-term (in the active follow-up period, i.e. 3-year
long) preventive pharmacotherapy against T2DM can affect
the long-term outcome (10 years after the start of observation)
(Table 3).

The long-term efficacy of short-term preventive
pharmacotherapy turned to be higher for patients with IFG
than for patients with IGT (o = 0.012 for achieving normal blood
sugar; p = 0.004 for progression to T2DM), which might be
linked to a high rate of metformin prescription, in comparison
with acarbose.

Adverse effects

No unpredicted adverse effects of preventive pharmacotherapy
against T2DM were observed during the study. The analysis of
other adverse events was beyond the scope of this study and
was not implied by the study design.

Limitations of the study

The study had some limitations related to its design. The
study was observational and the use of only routine medical
interventions did not allow us to form positive and negative
control groups. The patients had been undergoing diagnostic
procedures and receiving medical care at their local healthcare
facilities and not under the supervision of the study authors,
meaning that we were unable to fully rule out the impact of
external factors on the study outcomes.

DISCUSSION

The issue of adherence to preventive pharmacotherapy is
closely linked to screening issues. The lack of motivation for
early detection of carbohydrate metabolism disorders on part
of healthcare providers leads to the lack of awareness on
part of patients and results in noncompliance with prescribed
medication therapy.

According to ADA standards of medical care (2019) [10, 11],
the use of metformin, a-glucosidase inhibitors, orlistat, GLP-1
agonists, and thiazolidinediones helps to reduce the incidence
of T2DM, but so far, prediabetes is not an approved indication
for any of these drugs. The protocol of the SiMePred study
intended to evaluate the efficacy of sitagliptin (a DPP-4 inhibitor)
in preventing T2DM has already been published but the results
of the study are not available yet [12]. ADA experts believe that
metformin should be a preferred drug for secondary prevention
of T2DM. For other drugs listed above, the risks and benefits
should be thoroughly considered in each individual case [10].
However, IDF guidelines formulated in 2019 recommend
both metformin and acarbose (an a-glucosidase inhibitor) for
T2DM prevention in patients with early stages of carbohydrate
metabolism disorders [13]. In Russia, information leaflets for
metformin and acarbose list prediabetes as an indication for
use [14, 15].

In 2005, the Diabetes mellitus state-funded program was
launched in the Russian Federation under the nationwide
Health project [16]. The key parameters it focused on were:
life expectancy of patients with diabetes mellitus and the rate
of complications in these patients, i.e. tertiary prevention. The
existing electronic state registry of diabetes mellitus can also
be regarded as a tool for tertiary prevention, but there is still a
dearth of data on its long-term efficacy.

In our opinion, regular medical checkups and screening
tests are the key measure for primary T2DM prevention [17].
Regular checkups help to identify risk factors for T2DM and
subsequently take measures to reduce the contribution of
modifiable risk factors to the development of the disease.
Screening should be used both for regular checkups and
in patients with identified risk factors. In screening tests,
preanalytical errors are not rare, leading to the underdiagnosis
of carbohydrate metabolism disorders. According to WHO
report (2006), the whole blood sample collected from a patient
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Table 1. Long-term outcomes in patients who had and had not been receiving preventive pharmacotherapy

Number of re-examined patients n=115
Carbohydrate metabolism Preventive pharmacotherapy n = 30 No preventive pharmacotherapy n = 85 X2 p
abs. % abs. %
Normal 25 83.3 22 25.8 30.28 | <0.05
IFG 1 3.3 13 15.2 3.0 SI
IGT 13.3 17 20.0 0.66 S
T2DM 0 33 38.8 16.3 | <0.01
Note: S| — statistically insignificant.
Table 2. Long-term results of OGTT in patients with different disorders of carbohydrate metabolism undergoing long-term preventive pharmacotherapy
OGTT results in 10 years Initial condition of patients in the long-term pharmacotherapy group (n = 30) v o
IFG IGT
Normal 21 4 0.250 | >0.05
IFG 1 0 1 > 0.05
IGT 2 2 0.169 | >0.05
T2DM 0 0 - -

Table 3. Long-term results of OGTT in patients with different disorders of carbohydrate metabolism who did not have long-term preventive pharmacotherapy

Initial condition of patients in the group without preventive
OGTT results in 10 years pharmacotherapy (n = 85) x2 (with Yates’ correction) P
IFG IGT
Normal 17 (20.0%) 5 (5.9%) 6.4 0.012
IFG 9 (10.5%) 4 (4.8%) 1.14 0.28
IGT 8(9.4%) 9 (10.5%) 0.027 0.82
T2DM 10 (11.8%) 23 (27.1%) 8.6 0.004

should be placed in a blood collection tube containing a
glycolysis inhibitor (collection tubes with gray caps) if immediate
plasma separation is not possible. The collection tube should
be kept on ice until plasma separation or the test itself. The cap
color has been approved by the International Organization for
Standardization (2000) [18].

Secondary prevention of T2DM includes early detection
of the disease, as well as measures for slowing conversion of
the initial pathology to T2DM. Secondary prevention is closely
related to primary prevention: for patients with one or more
risk factors for T2DM who have been covered by primary
prevention, secondary prevention should consist in screening
tests. Currently, there is no state-funded program on secondary
prevention of T2DM (progression of prediabetes to diabetes)
in Russia. Secondary prevention with pharmacotherapy has
demonstrated its long-term efficacy both in this research
work and in international studies [19, 20] and could be a cost-
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