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OPINION | ONCOLOGY

CIRCULATING RNA IN BLOOD PLASMA AS DIAGNOSTIC TOOL FOR CLINICAL ONCOLOGY

Lolomadze EA =, Kometova VV, Rodionov W

Kulakov National Medical Research Center for Obstetrics, Gynecology and Perinatology, Moscow, Russia
One of the key challenges facing today’s oncology is the discovery of early predictors of malignant neoplasms in patients’ biological samples. Liquid biopsy is a
noninvasive diagnostic technique based on the detection and isolation of tumor cells, tumor-derived nucleic acid and exosomes circulating in the blood plasma of
cancer patients. There is a plethora of research studies of circulating tumor DNA in patients with MN. The active proliferation of tumor cells occurs in the backdrop

of altered gene expression. The presence of tissue-specific transcripts in the circulating RNA fraction suggests that levels of circulating RNA reflect the development of
the primary tumor. We think that cell-free RNA circulating in the blood plasma is a promising molecular biomarker for early cancer detection.

Keywords: circulating nucleic acids, blood plasma, circulating tumor cells, circulating RNA, miRNA, biomarkers, oncology

Funding: the study was conducted under the state assignment AAAA-A18-118053190012-9 (Development of assays for early diagnosis of breast and ovarian
cancers based on the analysis of RNA circulating in the peripheral blood).

Acknowledgements: we thank the Center for Precision Genome Editing and Genetic Technologies for Biomedicine of Pirogov Russian National Medical Research
University (Moscow, Russia) for their help in interpreting the data and analyzing some of the results.
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AHAJIN3 BHEKJIETOYHOW ®PAKLIMU PHK MJIASMbl KAK UHCTPYMEHT AUATHOCTUKWN B OHKOJIOMMn

E. A. Nonomapse =, B. B. Kometosa, B. B. PogvoHoB
HaumoHanbHbIi MeaULIMHCKNIA CCNefoBaTENbCKUN LIEHTP aKyLLIepPCTBa, MMHEKoNorin 1 nepuHartonorim nmenn B. . Kynakosa, Mockea, Poccus

OpfHa 13 KMto4eBbIX 3afa4 COBPEMEHHOM OHKOAMArHOCTVKM — MOVCK PaHHNX MPEAVKTOPOB 3/10Ka4eCTBEHHbIX HOBOOOpasosaHuii (3HO) npu aHannse Hanbonee
[OCTYMHbIX BIAOB BriomaTteprana. >KnakocTHas broncus NpeacTasnseT cobon ofHy 13 HeVHBA3MBHBIX METOAVK 1 BKITIOYAET B cebs OOHapy»>KeHVe 1 BbiaeneHne
LIIPKYAIVPYIOLLIMX OMYyXOSEBbIX KNETOK, LIMPKYIMPYIOLLMX OMyXONEeBbIX HYKNEMHOBBIX KMCIOT 1 9K30COM W3 Mia3Mbl KPOBM Y MaLMEHTOB CO 3/10Ka4eCTBEHHbIMM
3abonesaHnAaMU. MHOXXeCTBO paboT MOCBALEHO UCCNeAoBaHMio BHeknetTodHon dpaxkummn JHK npn 3HO. BmecTe ¢ Tem akTuBHytO npoandepaumio
TPaHC(OPMMPOBAHHBIX KNETOK NPV Pa3BWTUM OMyXosell CONPOBOXAAIOT 3HAYNTENbHbIE U3MEHEHVS SKCMPEecCUn onpefeneHHbix reHoB. ObHapy>keHne
TKaHecneLmdUYHbIX TPAHCKPUMTOB B COCTaBe BHekneTo4dHo PHK nnaamel kposm (BHPHK) Mo3BoNSieT MPeanonoxXmTb, YTO NPEACTaBAEHHOCTb LIMPKYIMPYHOLLMX
B nnasme PHK cBsizaHa ¢ passuTiieM NaTtonorn4eckoro NpoLiecca HemoCpeaCcTBEHHO B MEPBMHHOM o4are. Ha Haw B3rmisg, BHPHK nnaambl Kposv NpeacTasnatot

MPaKTVHECKYIO LIEHHOCTb B KQ4eCTBE MOMEKYNSPHO-TEHETUHECKIX MapKEePOB PaHHEN AnarHOCTUKI B OHKONOMW.
KntoueBble cnosa: LVPKYVPYIOLLME HYKIIEMHOBBIE KMCNOTbI, Masma KpoBu, LMPKYMpYtoLLve onyxonesble knetku, BHPHK, MukpoPHK, 6riomapkepbl, OHKOMorms

®duHaHcupoBaHue: ccrefoBaHne BbiNoHEHO B paMkax paboT no focyaapcteeHHoMy 3adaHnio NeAAAA-A18-118053190012-9 «PaspaboTka TeCT-CUCTEMbI 15
paHHen ANarHOCTUKN paka MOMIOYHON >Kenesbl M paka SMHHNKOB Ha OCHOBE aHan3a CBOOOAHO LIMPKYAMPYIOLLIMX (BHEKNETOUHbIX) PHK nepridepryeckoit kposu».

EnaronapHocwl: Mbl 6J'|aro,qap|/|M LleHTp BbICOKOTO4YHOIO pefakTnpoBaHna N reHeTUHeCcKnx TEXHONOr Wi ana 6I/IOM€,EI'I/ILI'I/IHbI, yHI/IBepCI/ITeT I'Ivlporoaa (MOCKBa,
POCCI/IFI) 3a NOMOLLb B MHTEPNpeTauyn AaHHbIX 1 aHain3e HEKOTOPbIX PE3YLTATOB.
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Diagnostic tests known as liquid biopsies hold promise for
the future of cancer screening. They are capable of detecting
tumor-derived biomarkers in the blood serum of patients
with malignant neoplasms (MN), including circulating tumor
cells, circulating tumor DNA or RNA, and exosomes. Liquid
biopsy samples can be analyzed using a few different types
of analysis, such as quantification of individual analytes, including
proteins, identification of nucleic acid sequences of the analyte,
profiing DNA methylation, etc. [1]. The analysis of cell-free nucleic
acids circulating in the blood plasma allows assessing the genetic
heterogeneity of the tumor in response to anti-cancer therapy [2, 3].

It is known that apoptotic and necrotic cells release
DNA or RNA fragments and exosomes (membrane-bound
encapsulated subcellular structures containing proteins and
nucleic acids derived from tumor cells) into the bloodstream [4].
From the early stages of carcinogenesis through the advanced
stages of metastatic spread, tumor cells accumulate specific
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mutations and epigenetic modifications; these changes can be
spotted by the analysis of cell-free nucleic acids.

Analysis of circulating DNA

The analysis of circulating DNA has been used in clinical
oncology for over 20 years to aid the diagnosis and monitoring
of the following cancers: lung [5, 6], head and neck [7],
esophageal [8], breast [9], hepatic [10], colon [11], pancreatic
[12], renal [13], and others. As a rule, the tests look for the
presence of mutations in oncogenes, tumor suppressor genes
and microsatellites [6, 9, 13]. Similarly, DNA methylation analysis
has some diagnostic and prognostic value and can be employed
for monitoring tumor growth [8, 14]. Quantitative aberrations of
circulating DNA have been also reported in other pathologies
besides MN, including preeclampsia [15], fetal chromosomal
aneuploidy [16], and pernicious vomiting of pregnancy [17].
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Analysis of circulating mRNA

The active proliferation of tumor cells and tumor evolution are
accompanied by the pronounced changes in the abundance
of various transcripts, some of which, like mRNA, can be
quantified by RT-PCR [18]. RT-PCR was successfully used
to measure the levels of circulating mRNA transcripts of
housekeeping genes in the blood samples of healthy individuals
and cancer patients [19]. Circulating RNA was also studied
in patients with melanoma [20-22], follicular lymphoma [23],
breast [22, 24-28], colon [23, 29], hepatic [30], esophageal
[21], nasopharyngeal [31], thyroid [22], prostate [40, 41], lung
[32] and other cancers. However, research into cell-free RNA
is not limited to malignancies: its levels were investigated in
patients with trauma [33, 34], diabetic myopathy [35], and
pregnancy (fetal mRNA) [36].

A study demonstrated a statistically significant difference
in hTERT mRNA levels between patients with early stages of
breast cancer (BC) and healthy individuals. The presence of
hTERT mRNA in the blood plasma of BC patients was affected
by the surgical removal of the tumor [25]. However, it is unlikely
that hTERT is a BC-specific marker because its concentrations
also change in patients with melanoma and thyroid cancer [22].
The levels of hMAM mRNA expression in the blood plasma
were correlated with unfavorable prognosis and poor survival
in BC patients [26]. In another study, patients with BC were
shown to have elevated Bmi-1 mRNA as compared to healthy
donors [27]. According to a recent report, LincRNA-ROR (long
intergenic non-protein coding RNA regulator of reprogramming)
might be a potential biomarker of BC; considering that its
plasma levels decline in the postoperative vs. preoperative
period, this marker can be exploited to monitor a BC patient’s
condition [28].

It is reported that serum MMP-9 is elevated in the late
stages of ovarian cancer and correlates with poor prognosis,
which suggests the potential prognostic value of this biomarker
[37]. The presence of circulating HMGA2 ctRNA may also be
a promising tool for the diagnosis and monitoring of ovarian
cancer [38].

Patients with advanced prostate cancer were shown to have
higher levels of circulating cBMP6 mRNA than those with the
localized lesion. At the same time, H3K27me3 is characterized
by inverse distribution, and its levels are significantly lower in
patients with metastatic prostate cancer than in those with early
stages of the disease. Thus, post-treatment levels of circulating
cBMP6 and H3K27 mRNAs are discriminators between
metastatic and localized prostate cancer [39]. Levels of hnTERT
mRNA in the blood plasma might be another biomarker for
distinguishing between localized and locally advanced prostate
cancer [40].

Analysis of exosome composition

Ever more attention has been paid to the research into the
extracellular vesicles (exosomes and microvesicles) secreted by
the tumor that are thought to promote invasion and metastatic
spread [41, 42].

Extracellular vesicles are specialized membrane organoids
secreted by most cell types; they contain various molecules,
including RNA, lipids, proteins, and metabolites [43, 44]. At
present, extracellular vesicles are being increasingly recognized

as mediators of cell-to-cell communication, transporting mRNA
from cancer to normal cells across the extracellular matrix [45, 46].

Microvesicles contain microRNA, different types of long
RNA, including mRNA, circular RNA and long non-coding RNA
[47, 48]. RNA profiles of extracellular vesicles isolated from
healthy individuals and patients with hepatocellular carcinoma
are significantly different [48].

Analysis of circulating microRNA

MicroRNA comprises a group of non-coding regulatory RNA
consisting of approximately 22 nucleotides and playing an
essential role in the regulation of gene expression [49]. Relatively
high stability makes microRNA a more advantageous biomarker
than mRNA. MicroRNA is found both inside and outside
exosomes [50, 51] and is highly stable due to its association
with argonaute proteins [52] or lipoprotein complexes, like high
density lipoproteins [53].

There were attempts to analyze circulating microRNA in
patients with lymphoma [54] and in the plasma/serum samples
of patients with prostate cancer [55]. Plasma levels of miR-26a
can be indicative of ovarian epithelial cancer [56]. Patients with
BC have significantly elevated concentrations of 4 different
microRNAs (miR-148b, miR-376¢, miR-409-3p, miR-801) [57].
Increased levels of miR-16, miR-21, and miR-451 and low miR-
145 concentrations were observed in the plasma of patients
with BC [58]. Used in combination, miR-145 and miR-451 were
shown to be the best biomarkers of BC, helping to discriminate
between BC patients and healthy individuals or patients with
other cancers.

Challenges and limitations

Although the analysis of circulating RNA has impressive
potential for the application in different fields of medicine, it
is not free from drawbacks. Errors occurring during target
amplification can affect the results of RNA quantification,
especially when dealing with small numbers of analytes [59].
Some discrepancies might be due to the different efficacy of
the applied reverse-transcriptase amplification techniques
observed for different microRNA and mRNA sequences
in different molecular environments. Therefore, PCR-free
strategies for detecting circulating RNA seem to be most
attractive [60, 61].

Today, most diagnostic approaches based on the analysis
of circulating RNA have relatively low specificity and sensitivity
[62]. Their improvement requires further large-scale prospective
cohort studies.

CONCLUSIONS

The analysis of circulating RNA in cancer patients has a high
diagnostic and prognostic value. The informative value of liquid
biopsy can be considerably improved by separately analyzing
the exosomal and cell-free circulating RNAs, including
microRNA. Standardization of sample collection, circulating
RNA extraction and the analysis of the obtained results will
help to reduce the number of false-negative and false-positive
results. Further large-scale prospective cohort studies are
needed to select the most sensitive and specific circulating
RNA panels.
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COLISTIN RESISTANCE OF CARBAPENEM-RESISTANT KLEBSIELLA PNEUMONIAE STRAINS:
MOLECULAR MECHANISMS AND BACTERIAL FITNESS

Shamina OV' = Kryzhanovskaya OA', Lazareva AV', Alyabieva NM', Mayanskiy NA?

" National Medical Research Center for Children's Health, Moscow, Russia
2 Pirogov Russian National Research Medical University, Moscow, Russia

The increasing use of colistin in the clinic has led to the emergence and spread of colistin resistance. According to the literature, antibiotic resistance can have a
metabolic cost, resulting in poor adaptation and survival, i.e. reduced bacterial fitness. The aim of this study was to investigate molecular mechanisms underlying
resistance to colistin and their effect on the bacterial fitness of carbapenem-resistant (carba-R) strains of K. pneumoniae isolated from the patients of Moscow
hospitals in 2012-2017. Of 159 analyzed carba-R isolates, 71 (45%) were resistant to colistin (minimum inhibitory concentration over 2 mg/L). By conducting
Sanger sequencing, we were able to identify the mechanisms underlying colistin resistance in 26 (37%) isolates. Growth curves were constructed by measuring
optical density at 600 nm wavelength for 15 hours. The competitive growth of colistin-resistant (col-R) K. pneumoniae isolates was assessed relative to the colistin-
susceptible (col-S) isolate. Col-R and col-S cultures harvested in the exponential phase were combined at the ratio of 1:1, incubated in the Luria-Bertani medium
and plated onto Luria-Bertani agar plates with 10 mg/L colistin and without it. The competition index was calculated as the ratio of grown col-R and col-S colonies.
Resistance to colistin did not affect the growth kinetics of K. pneumoniae, but did reduce the competitive ability of the bacteria as compared to the col-S isolates.
However, some col-R isolates were more competitive than the col-S strains of the same sequence type. Further research is needed to elucidate the effects of
colistin resistance on bacterial fitness.
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YCTON4YNBOCTb KAPBEANEHEMPE3UCTEHTHbBIX LUTAMMOB KLEBSIELLA PNEUMONIAE
K KOJTIMCTUHY: MOJNEKYNIAPHBIE MEXAHU3MbI N BAKTEPUAJTbHbBIA ®UTHEC

0. B. WamnHa' B2, O. A. KpbixaHoBckast!, A. B. Jlazapesa’, H. M. Ansbbesa’, H. A. MasHckuin?

T HaumoHanbHbIM MeAVUVHCKWIA NCCNEnOoBaTENBCKUN LEHTP 300P0Bbst AeTeit, Mockea, Poccus
2 PoCCUACKWIA HALMOHaUTbHBIA MCCNE0oBaTENbCKUN MEAVLIMHCKUIA yHBepcuTeT nmenn H. W, Tinporoea, Mockea, Poccus

B nocnefHve rofpl LMPOKOE WCMOMb30BaHUE KOMMCTVMHA B NEYEHUN VMH(EKLMOHHBIX 3aboneBaHuii NprBEno K MOSIBAEHUIO U PacnpOCTPaHEHMO
KONMMUCTUHPE3NCTEHTHOCTY. 10 faHHbIM NUTepaTypbl, (POPMUPOBaHKE YCTOMHMBOCTY MOXXET MPUBOAUTL K 3aTpaTtam BHYTPEHHMX OMOMOrMYECKX PeCcypCcoB 1
CHVDKEHWIO YPOBHS MPUCMOCOBAEHHOCTI 1 MOAAEPKAHVS XXN3HEAEATENBHOCTY (BakTepranbHOro uTtHeca). Liensto nccneposBaHns 66110 U3y4nTb MONEKyNSpHbIe
MEXaHM3Mbl PE3VNCTEHTHOCTY K KOIMCTUHY U X BMSIHUE HA BakTepranbHbIi (DUTHEC KapbaneHeMpeanCTEHTHbIX (kapba-P) wrammoB K. pneumoniae, BbiAeneHHbIX
y naupeHToB B . MockBe B 2012-2017 rT. 13 159 kapba-P-n3onstoB 71 n3onaT (45%) obnafan pesncTeHTHOCTBIO K KOMMCTUHY (MUHVManbHas NofasnstoLLas
KOHLeHTpaLms 6onblue 2 Mr/n); cekBeHmpoBaHne No Metody CeHrepa no3Bonmio 0OHaPY>XNTb MexaHN3Mbl YCTONHYMBOCTI Y 26 (37 %) n3onatoB. Kpreble pocTta
ObIN NOCTPOEHBI MyTEM U3MEPEHMSA OMTUHECKOW MAOTHOCTU NPU AmHe BoHbl 600 HM B TeveHne 15 4. KOHKYPEHTHbIN POCT KOMMCTUHPE3UCTEHTHBIX (KOn-P)
n3onatoB K. pneumoniae OUeHVBaIM OTHOCUTENBHO KOMMCTUHYYBCTBUTENBHOIO (kof-Y) naondra. Kon-P- n kon-Y-1n3onsatbl B 3KCNoHeHLmansHo ase pocta
cMeluvBany B nponopumn 11 1, nHkybuposanu B cpefe Jlypra—bepTtann 1 3atem HaHocunm Ha arap Jlypua—-beptanu, cogeprkalumii 10 Mr/n konucTuHa, 1 6e3
Hero. VIHAEKC KOHKYPEHLMN PACCHUTBIBAIN KaK OTHOLLEHME BbIDOCLLMX KOJ-P- 1 KOM-H-KONOHMIA. Pe3UCTEHTHOCTb K KOMIMCTUHY HE BAMSNIA HA KUHETVIKY pOcTa
K. pneumoniae, HO CHmKana KOHKYPEHTOCNOCOBHOCTb OTHOCUTENBHO Kon-Y-1n3onsaTta. Tem He meHee Gbinn 0BHaPY»KeHbI KOM-P-130M5Tbl C BbICOKUM YPOBHEM
KOHKYPEHTOCMOCOOHOCTI MO CPABHEHMIO C KOM-Y-M301STaMn Takoro »e CUKBEHC-TUNA. TakvM 06pa3oM, HEOOXOAVIMbI AasbHENLLIMe UCCNefoBaHNS BANSHIS
PE3NCTEHTHOCTU K KOMMCTUHY Ha BakTepuaibHbI (UTHEC.

KniouyeBble cnosa: Klebsiella pneumoniae, 6akTepnanbHblin UTHEC, KOMMCTUHPE3NCTEHTHOCTL, MQrB, CUKBEHC-TUN
®PuHaHCMpOBaHMe: CCnefoBaHVe BbIMONHEHO NpK Nopgaepkke rpaHta Poccuickoro HayqHoro hoHa (mpoekT Ne 20-15-00235).

BnaropapHocTtu: asTopb! 6narogapsat C. B. MNonvkapnosy 13 fopoackon knnHmdeckon 6oneHnLbl Ne 15 nvern O. M. dunatosa n O. B. Kapacesy 13 Hay4Ho-
1CCNenoBaTenbCKOro MHCTUTYTa HEOTSIOXKHOM AETCKOM XMPYPIn 1 TPAaBMAaTONOr 1 3a MPefocTaBneHe n3ondaTos K. pneumoniae.

Bknap aBTopos: O. B. LLlamnHa — nnaHnpoBaHvie 1 NpoBefeHne NCCnefoBaHys, aHanma aMTepatypbl, cOop, aHanms 1 MHTepnpeTaumns LaHHbIX, MOAroToBKa
TekcTa nybnukaumm; O. A. KpbpbkaHoBckas, A. B. Jlasapesa, H. M. AnsbbeBa — nnaHvpoBaHve v NpoBefdeHne nccnefosaqvs; H. A. MasHCKuiZ — Hay4dHoe
PYKOBOACTBO, MAaHMPOBaHWE 1 MPOBeAeHVe UCCNefoBaHVS, aHanmn3 anTepaTypbl, cOop, aHanma 1 UHTepnpeTaums AaHHbIX, MOArOTOBKa W PeAakTypoBaHue
pyKonmcu.

CobnofeHne aTU4ecKnxX CTaHAapToB: ccreaoBaHie Obino NpoBedeHo ¢ cobtogeHreM Beex npasui 6e30nacHoOCT paboTbl ¢ MUKpoopraHnamamm |-V
rpynn NaToreHHOCTH.
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Klebsiella pneumoniae is a common cause of infections that  Compact instrument for bacterial identification and susceptibility
require medical attention [1]. The emergence and global testing (BioMerieux; France). Colistin MIC were measured by
spread of high-risk multidrug-resistant (MDR) K. pneumoniae  broth microdilution as recommended in the National Standards
sequence types is a worrying trend [2, 3]. Carbapenem- of the Russian Federation (GOST R ISO 20776-1-2010); colistin
resistant (carba-R) K. pneumoniae are an especially serious used in the experiments was a powder formulation. The ATCC
concern because resistance to carbapenems often co-occurs 25922 strain of Escherichia coli served as a control. According
with resistance to other antimicrobial drugs, which dramatically to EUCAST, colistin susceptibility and resistance breakpoints
narrows the range of therapeutic options for K. pneumoniae  for K. pneumoniae are < 2 mg/L and > 2 mg/L, respectively [15].
infection. As revealed by multilocus sequence typing (MLST), Detection and/or Sanger sequencing of the mer-1, mgrB,
the majority of carba-R isolates are represented by a small  pmrA, pmrB, phoP, and phoQ genes and the analysis of amino
group of sequence types that universally dominate nosocomial  acid sequences of the PmrA, PmrB, PhoP, and PhoQ proteins
populations [4, 5]. At present, the following sequence types are  were carried out following the previously described protocols
classed as globally disseminated: ST14/15, ST17/20, ST43, [16]. An mcr-1-positive strain of E. coli provided by the
ST147, ST258, ST395 [5, 6], and ST307, which only recently  Research Institute of Antimicrobial Chemotherapy (Smolensk
has been recognized as clinically relevant [7]. State Medical University, Russia) was used as a control for mer-1
The polycationic antibiotic colistin, also known as detection. K. pneumoniae strains were genotyped by means
polymyxin E, retains activity against carba-R gram-negative  of multilocus sequence typing (MLST) [17]. Insertions were
microorganisms. However, its wide use in the clinic in the identified using the ISfinder database [18].
backdrop of rampant resistance to carbapenems has driven the Bacterial fitness was studied in a subset of colistin-
emergence of colistin resistance [4, 8], which can significantly  susceptible (col-S) and colistin-resistant (col-R) K. pneumoniae
reduce the efficacy of antimicrobial therapy and result in isolates with disrupted and wild-type mgrB. The cultures
increased mortality in patients infected with colistin-resistant  were grown on Luria—Bertani agar (HiMedia Laboratories Pvt.
(col-R) K. pneumoniae [9]. Limited; India) for 24 h. Protocols for assessing bacterial fitness
Resistance to colistin arises from the structural modification ~ were previously described in [14]. One bacterial colony was
of bacterial lipopolysaccharides (LPS) that prevents the antibiotic ~ suspended in LB and incubated in an orbital shaker incubator
from binding to the bacterial cell wall [10]. This modification ES-20 (BioSan; Latvia) at 37 °C for 3 h at constant stirring at
is associated with alterations in the two-component PhoPQ/ 250 rpm. Bacterial concentrations were measured using a
PmrAB system and its regulator MgrB caused by mutations in - Novocyte flow cytometer (ACEA Biosciences; USA).
the mgrB gene, as well as with plasmid-borne mcr genes (8, 10]. To construct and compare growth curves for col-R and col-S
Naturally, being able to thrive in the presence of an antibiotic,  strains, the obtained suspension was diluted to a concentration
resistant strains have an advantage over susceptible strains;  of 5 x 10° bacterial cells per 1 ml. The resulting suspension
however, there is a biological cost to pay: resistant strains (250 pl) was plated on flat-bottom 96-well plates containing O,
grow at a slower rate and are less competitive in the absence 1, 4, 16, or 64 mg/L colistin and incubated in an Infinite 200
of selective pressure exerted by antibiotics, i.e. have lower microplate reader (Tecan; Austria) at 37 °C for 15 h. Incubation
bacterial fitness [11, 12] than their susceptible counterparts was performed in 3 replicates for each strain. Every 30 min,
[13, 14]. Considering that resistance to colistin is linked to LPS  the optical density of the incubated samples was measured
modifications, which is the key component of the bacterial at 600 nm (OD,,). Measurements were recorded in Magellan
cell wall, colistin resistance might be associated with reduced 6.6 software (Tecan; Austria). The area under the growth curve
bacterial fitness. (AUGC) was an indicator of bacterial growth; it was calculated
The aim of this study was to characterize the genotype of  for the period between the beginning of exponential growth
carba-R K. pneumoniae isolated from the inpatients of Surgery  and the point when plateau was reached (Fig. 1). AUGC was
and Intensive Care Units of Moscow hospitals, describe expressed as OD,, per hour.
molecular mechanisms underlying resistance to colistin and To evaluate the competitive ability of col-R and col-S
investigate the effect of colistin resistance on the growth kinetics K. pneumoniae isolates, the competition index (Cl) was calculated.
and the competitive ability of this bacterial population. Briefly, the suspensions of col-R and col-S isolates were

1
METHODS

We analyzed 159 carba-R K. pneumoniae isolates (the minimum

inhibitory concentrations (MIC) of meropenem and imipenem 075 e

were > 8 mg/L and > 4 mg/L, respectively, as defined by "

EUCAST criteria) [15] with and without resistance to colistin that -

had been collected from the patients of Surgery and Intensive 0.5 *

Care Units of Moscow hospitals in 2012 through 2017. Only ./"

one K. pneumoniae isolate per patient was included in the 3

collection. Biological samples had been taken from normally 0.25

sterile sites (blood, urine, cerebrospinal fluid), the respiratory )y

tract (aspirates, sputum), the oropharyngeal cavity, stomas, ———

wounds, and the anus.
MIC of meropenem, imipenem and tigecycline were 0 100 200 300 400 500

determined by performing Etests (BioMerieux; France) on

Mueller-Hinton agar plates (Bio Rad; France). Susceptibility

to aminoglycosides (gentamicin, netilmicin, amikaoin), Fig. .1. Typical growth Curyes for K. pneumoniae isolates in the colistin-free culture
medium. The shaded region on the graph represents an area under the growth
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Table 1. Genotypes, phenotypes and mechanisms underlying colistin resistance in carba-R K. pneumoniage isolates (n = 26)

Isolate ID ST Colistin MIC, mg/L mgrB status @
69-77 23 128 IS 1A, family IS-1 (+127/+128)
56-1790 307 64 IS 7R, family 1IS-1 (+36/+37)
68-66-1 48 16 ISKpn14, family 1IS-1 (+141/+142)
58-2876 48 128 ISKpn14, family 1IS-1 (+141/+142)
58-3431 48 128 ISKpn14, family 1S-1 (+141/+142)
58-2966 48 512 ISKpn14, family 1IS-1 (+141/+142)
56-1678 48 > 1024 ISKpn14, family 1IS-1 (+141/+142)
56-1053 48 > 1024 ISKpn14, family 1S-1 (+141/+142)
71-1375 307 512 ISKpn14, family 1IS-1 (+141/+142)
76-2089 377 512 ISKpn14, family 1IS-1 (+141/+142)
64-574 307 256 ISKpn26, family 1S-5 (+74/+75)
4469 395 128 ISKpn26, family 1S-5 (+74/+75)
52-1659 395 256 ISKpn26, family 1S-5 (+74/+75)
58-1363 307 16 MITEKpn1, family 1S-5 (+74/+75)
55-148 307 64 MITEKpn1, family 1S-5 (+74/+75)
56-566 307 128 MITEKpn1, family 1S5 (+74/+75)
58-1286 307 128 MITEKpn1, family 1S-5 (+74/+75)
56-613 307 512 MITEKpn1, family 1S-5 (+74/+75)
48-1594 307 > 1024 MITEKpn1, family 1S-5 (+74/+75)
78-296 37 16 A mgrBlocus
37262 147 64 A mgrBlocus
29423 70 128 A mgrBlocus
36-2246 395 128 A mgrBlocus
46-1574 307 128 Wild type ©
48-2246 395 > 1024 Wild type °©
56-410 48 128 Wild type ¢

Note: ST — sequence type; MIC — minimum inhibitory concentration; @ — the position of the insertion sequence is specified in brackets; * — PmrB alteration (T157P);
°¢— PmrA (A141T) and PmrB (L213M, G256R) alterations; ¢ — PmrB alteration (deletion at 27-30 (QLIS)).

adjusted to 1.5 x 10° cells per 1 ml and combined at a 1 : 1
ratio (1.5 x 10® CFU per 1 ml for each strain). The mixture of
col-R and col-S isolates and suspensions of unmixed col-S and
col-R strains were grown in LB at 37 °C at 180 rpm for 16-18 h.
Upon incubation, the suspensions were diluted 10°-fold and
plated on Petri dishes containing LB agar supplemented with
10 mg/L colistin or LB agar without colistin; plating was
performed using an easySpiral automated spiral plater
(Interscience; France). The cells were incubated at 37 °C for
16-18 h. CFU were counted using an automated Scan 500
colony counter (Interscience; France). Cl was calculated as a
ratio of col-R CFU in the LB dish with colistin to col-S CFU in
the dish without colistin. CI < 1 was interpreted as reduced
competitive ability of the resistant isolate, as compared to
the susceptible isolate. The experiments were conducted in
3 replicates.

Statistical analysis was carried out in IBM SPSS Statistics
20.0 (IBM SPSS Inc; USA). Below, AUGC values and the
number of colonies are presented as a median (P,,; P,.), Cl
is presented as a mean and a standard deviation. Differences
in Cl were evaluated using the Kruskal-Wallis test; pairwise
comparisons were done using the Mann-Whitney U test. The
differences were considered significant at p < 0.05.
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RESULTS
Characterization of carba-R isolates of K. pneumoniae

All 159 carba-R K. pneumoniage isolates had an MDR-phenotype,
i.e. were resistant to at least 3 classes of antimicrobial drugs. All
studied strains were resistant to the third and fourth-generation
cephalosporins and were highly resistant to ciprofloxacin
(93%), fosfomycin (90%), netilmicin (82%), gentamicin (84%),
amikacin (50%), and colistin (45%). The majority of carba-R
K. pneumoniae isolates were susceptible to tigecycline; only
7% were resistant to this drug.

As revealed by MLST, the studied carba-R isolates were
represented by 18 sequence types, of which only 5 dominated
the collection, occurring in 86% of cases. Those included
ST307 (n = 46, 29%), ST395 (n = 40, 25%), ST377 (n = 17,
10%), ST48 (n =17, 10%), and ST23 (n = 16, 10%).

Mechanisms of colistin resistance
Resistance to colistin was observed in 71 (45%) carba-R

K. pneumoniae isolates; for those isolates, colistin MIC varied
from 4 to 1024 mg/L or was even higher. Investigation of
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Col-S

LB agar

CFU =418

CFU =390

LB agar + colistin
(10 mg/L)

CFU = 350

Col-R Col-S/Col-R

CFU =459

Fig. 2. Evaluation of the competitive ability of K. pneumoniae (a representative experiment). Col-S — colistin-susceptible isolates; col-R — colistin-resistant isolates;
col-S /col-R — a mixture of susceptible and resistant strains; CFU — colony forming units. The photos of Petri dishes demonstrate the growth pattern for the col-S
isolates (A, D), col-R isolates (B, E) and the mixture of col-R/col-S isolates (C, F) of K. pneumoniae on LB agar plates without colistin (A-C) and supplemented with
10 mg/L colistin (D-F). Numbers indicate the CFU count on each plate. The competition index (Cl) is calculated as (the number of CFU on LB + colistin) divided by (the
number of CFU on LB minus the number of CFU on LB + colistin), i.e. CFU F : (CFU C-CFU F)

molecular mechanisms underlying resistance to colistin was
started with a search for the plasmid-borne gene mcr-1, which,
according to the literature, is the most common cause of
resistance [19]. We found that none of 71 col-R K. pneumoniae
isolates carried the mcr-1 gene.

Then, we went on to analyze the sequence integrity of the
mgrB gene whose disruption might be associated with colistin
resistance. Mutations in the mgrB gene were observed in 23
(82%) col-Risolates (Table 1). Deletion of the entire mgrB locus
was detected in 4 (17%) isolates. In 13 (56%) isolates, there
were insertions of 4 different types (IS1A, IS1R, ISKpn14, and
ISKpn26), which occurred at different positions and represented
the IS-1 and IS-5 families (Table 1). In 6 (26%) col-R isolates,
the mgrB gene harbored a new mobile element (MITEKpnT)
described in our previous publication [16].

Summing up, the mgrB gene was wild-type in only 48 of
71 (68%) col-R K. pneumoniae isolates. Therefore, we had
to continue looking for other mechanisms underlying colistin

resistance. We analyzed the amino acid sequences of the
proteins PmrA, PmrB, PhoP, and PhoQ in all 48 isolates. These
proteins participate in LPS modification. Alterations in their
sequences can cause resistance to colistin [10]. Significant
alterations in PmrA and/or PmrB sequences were detected in
3 isolates from 3 different sequence types (ST307, ST395,
ST48), with colistin MIC ranging from 128 to 1024 mg/L or
being even higher (Table 1).

Effects of colistin resistance on bacterial fitness

In the absence of colistin, the growth kinetics of col-R and
col-S K. pneumoniae did not differ significantly. Median AUGC
values were 4.2 (3.9; 4.3) and 4.05 (3.9; 4.6) OD600 per 1 h,
respectively (p = 0.842; Table 2). Addition of 1 mg/L colistin
to the culture of col-S isolates caused AUGC to drop abruptly
to 1.9 (0.95; 4.18) OD,,, per 1 h (o = 0.065), whereas higher
concentrations of colistin completely inhibited the growth of

Table 2. Effects of colistin resistance on the bacterial fitness (growth kinetics and competition index) of carba-R K. pneumoniae isolates

AUC (0D, per 1 H), Me (P,; P,.)
Colistin MIC, mg/L;
Isolates Me (P,; P,.) Colistin concentration, mg/L Cl, mean (SD)
0 1 4 16 64

Col-S (n=6) <1< 4.05(3.9;4.6) | 1.9(0.95 4.13) 0 (0; 4.03) 0(0; 0) 0(0; 0) n/a
Col-R (n = 32) 256 (128; 512) 4.2 (3.9; 4.3¢ 4.1 (3.7; 4.2 3.9(3.2;4.15¢ | 3.3(2.2;3.450¢ 0.9 (0; 3)° 0.15 (0.21)'
Of them:
%gﬁg)ismpted 256 (128; 512) 41 (3.9;4.2) 4(3.9;4.2) 3.9 (3.1;4.1) 3.4(0.9;3.7) 1.1(0; 3.3) 0.1 (0.1)s
(;’ir ’f};"”"d type 256 (96; 512) 43(3.85; 4.4 | 42(353;4.25¢ | 3.8(3.18;4.25¢ | 3.25(2.75: 3.43) 0.9 (0: 3 0.19 (0.26)1

Note: MIC — minimum inhibitory concentration; AUGC — area under growth curve; Me — median; P,, and P, — the 25" and 75" percentiles; Cl — competition
index; SD — standard deviation; col-S — colistin-susceptible isolates; col-R — colistin-resistant isolates; n/a — not applicable; @ — p = 0.842 for comparison with
col-S AUGG; ® — p = 0.19 for comparison with col-R AUGC at 0 mg/L colistin; ¢— p = 0.016 for comparison with col-R AUGC at 0 mg/L colistin; ¢ — p < 0.001 for
comparison with col-R AUGC at 0 mg/L colistin; ¢ — p > 0.05 for comparison with col-R AUGC for isolates with disrupted mgrB; '—n =26;9 —n = 11;"—n = 15;

'— p = 0.283 for comparison with Cl of the isolates with disrupted mgrB.
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Table 3. The competition index of col-R and col-S isolates of carba-R K. pneumoniae representing the same sequence types

Col-R isolates Mechanism of colistin CFU count (SD) Cl (D)
ST Isolate ID resistance Col-R (LB agar + colistin, 10 mg/L) Col-S + col-R (LB agar)
ST23 37261 Unknown 80 141 1.3
69-77 Mutant mgrB 39 168 0.3
37243 Unknown 25 112 0.29
37224 Unknown 5 114 0.05
Total ST23: 37 (32) 134 (26) 0.48 (0.56)
ST395 52-1659 Mutant mgrB 88 135 1.87
78-1127 Unknown 3 138 0.02
59-397 Unknown 110 153 2.5
4469 Mutant mgrB 17 141 0.14
Total ST395: 55 (53) 142 (8) 1.1 (1.24)
ST377 76-1648 Unknown 90 335 0.37
76-2053 Unknown 38 282 0.16
76-2089 Mutant mgrB 79 232 0.52
Total ST377: 69 (27) 283 (52) 0.35 (0.18)
ST307 64-574 Mutant mgrB 33 287 0.13
56-566 Mutant mgrB 68 210 0.48
71-1375 Mutant mgrB 63 196 0.47
Total ST307: 55 (19) 231 (49) 0.36 (0.2)
ST147 37-262 Mutant mgrB 3 201 0.02
ST48 58-2966 Mutant mgrB 8 152 0.06
Note: Cl — competition index; SD — standard deviation.
susceptible isolates as anticipated (Table 2). Col-R isolates DISCUSSION

of K. pneumoniae demonstrated normal growth kinetics at 1
mg/L colistin but their growth slowed down at 4 and 16 mg/L
colistin concentrations (p = 0.016 and p < 0.001, respectively).
At 64 mg/L colistin, the growth of col-R isolates was almost
completely inhibited at AUGC of 0.9 (0; 3.0) OD,,,, per 1 h (Table 2).

When comparing AUGC values between col-R isolates
with disrupted and wild-type mgrB (Table 2), we found that the
mgrB status only insignificantly affected the kinetics of bacterial
growth regardless of colistin concentrations used.

Then, we calculated the CI for 26 col-R K. pneumonia
isolates co-cultured with their carba-S/col-S counterparts in
order to compare their competitive ability (Fig. 2; Table 2). The
mean Cl value was 0.15 (0.21); 25/26 (96%) of col-R isolates
had IC < 1 ranging from 0.01 to 0.53; one isolate had Cl of 1.
Wild type isolates and those with disrupted mgrB had similar Cl
of 0.19 (0.26) and 0.1 (0.1), respectively (o = 0.283; Table 2). Thus,
resistance to colistin was associated with a loss of competitive
ability in the majority of analyzed col-R isolates, as compared to
carba-S/col-S K. pneumoniae isolates, which did not depend
on the mgrB status.

The effects of colistin resistance on bacterial fitness were
additionally investigated in carba-R/col-S and carba-R/
col-R pairs of K. pneumoniae of the same sequence types.
We selected isolates of 5 most common ST (ST23, ST48,
ST307, ST377 and ST395) and one rare ST (ST147); at least
one isolate in this subset was colistin-sensitive (Table 3). The
competitive ability of all col-R isolates belonging to types ST48,
ST147, ST307 and ST377 was diminished compared to the
col-S isolates of the same sequence types (Cl < 1). However,
the situation was different for the isolates represented by
sequence types ST23 and ST395. One col-R isolate of type
ST23 (Cl = 1.3) and 2 col-R isolates of type ST395 (Cl = 1.87
and Cl = 2.5, respectively) were more fit than col-S isolates
(Table 3).
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The majority of carba-R isolates of K. pneumoniae in our
collection were represented by 5 major sequence types; of
them, types ST307 and ST395 made up 54% of the entire
sample. A while ago, ST307 was not recognized as a dominant
sequence type in Russia [20, 21], but at present, it is becoming
one of the leading high-risk international sequence types [7],
which is consistent with our findings.

Of all carba-R isolates analyzed in this paper, 45% were
resistant to colistin. The multicenter study MARAPHON [2, 3]
showed that the prevalence of col-R isolates in the large
sample of nosocomial K. pneumoniae isolates was generally
low, in spite of an increase from 4.5% in 2012 to 7.9% in 2014.
Our data might reflect the global trend of growing antibiotic
resistance, including resistance to colistin. According to a 15-
year retrospective study conducted at a large hospital in Athens,
the proportion of col-R K. pneumoniae isolates from blood
cultures surged from 0% in 2002 to 26.9% in 2016 [22]. On the
other hand, the high prevalence of col-R strains in our collection
might be explained by the fact that our sample was dominated
by nosocomial strains recovered from intensive care units,
where, as reported by Feretzakis et al. [23], the proportion of
col-R K. pneumoniae can be much higher than in other hospital
departments (40vs 13.8%). Besides, direct comparative analysis
of calistin resistance studies that rely on different susceptibility
testing techniques can be quite challenging. For example, false
results are not rare in epsilometer tests in comparison with the
reference method of microdilutions; therefore, such tests can
fail in detecting the true rate of colistin resistance [9, 20].

Colistin resistance did not affect the kinetics of bacterial
growth in the absence of this antibiotic and did not depend
on the status of the mgrB gene, which is consistent with
previously published data [24]. In contrast, in Acinetobacter
baumannii and Pseudomonas aeruginosa resistance to colistin
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undermines the dynamics of bacterial growth [13, 25], which
might explain the relatively high prevalence of enterobacteria
possessing chromosomal resistance to colistin in comparison
with col-R A. baumannii and P. aeruginosa.

At the same time, the majority of col-R isolates were less
competitive than col-S isolates of K. pneumoniae; this is also
typically seen in other bacteria, such as A. baumannii [13] and
P, aeruginosa [25]. There are reports of reduced bacterial fitness
in col-R K. pneumoniae that carry the mcr-1 gene [26].

Another interesting finding came from the experiments
comparing bacterial fitness between col-R and col-S
K. pneumoniae isolates of one sequence type, i.e. bacteria with
very similar genotypes but different susceptibility to colistin. Six
different sequence types were analyzed. The majority of col-R
isolates had low CI. At the same time, 2 col-R isolates of type
ST395 and 1 col-R isolate of type ST23 were more competitive
than col-S isolates of the same sequence type. This finding
can be explained by the presence of compensatory mutations
in the bacterial genome, as was the case with resistance to
fluoroquinolones and colistin in Escherichia coli [27] and
A. baumannii [28]. Unlike mutations that confer resistance,
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EFFICACY OF COMMERCIAL BACTERIOPHAGE PRODUCTS AGAINST ESKAPE PATHOGENS

Kuptsov NS =, Kornienko MA, Gorodnichev RB, Danilov DI, Malakhova MV, Parfenova TV, Makarenko Gl, Shitikov EA, llina EN

Federal Research and Clinical Center of Physical-Chemical Medicine of Federal Medical Biological Agency, Moscow, Russia
The ever-rising prevalence of multidrug-resistant bacteria necessitates the search for a therapeutic alternative to antibiotics. Using therapeutic products
based on virulent bacteriophages might provide such an alternative. The aim of our study was to evaluate the efficacy of commercial phage products and
natural bacteriophage monoisolates recovered from environmental sources against clinical strains of Enterococcus faecium, Staphylococcus aureus, Klebsiella
pneumoniae, and Pseudomonas aeruginosa. We compiled a collection of 147 strains that were subsequently genotypes using the MLST method. The
efficacy of bacteriophages was evaluated in spot tests. The highest efficacy was demonstrated by "Staphylococcal bacteriophage" (86%, effective against
S. aureus), "Purified polyvalent pyobacteriophage" (87.8%, effective against K. pneumoniae), and a group of phage products against P. aeruginosa, including
"Pseudomonas aeruginosa bacteriophage" (87.5%), "Complex pyobacteriophage" (79.5-90%) and "Purified polyvalent pyobacteriophage" (90-92.5%). The
efficacy of "Intesti bacteriophage", which targets E. faecium, was 4.2%. The efficacy of commercial phage products against S. aureus and K. pneumoniae was
higher than the efficacy of individual phage monoisolates (60% for the S. aureus phage vB_SauP-436-3w and 5.9% for the K. pneumoniae phage vB_Kp_M_
Seu621). Thus, all tested commercial phage products were highly effective against P aeruginosa, K. pneumoniae and S. aureus. There are no commercial
phage products on the market against other ESKAPE pathogens, including Acinetobacter baumannii and Enterobacter cloacae. Besides, there are no effective
phage products against E. faecium. This dictates the need for new effective bacteriophages against these species.
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DdepepanbHoe rocynapcTBeHHOe BofKeTHOe yupexxaeHme «PefepanbHblii HayYHO-KIMHUHECKNI LIEHTP (OU3MKO-XUMUHECKON MeauLvHbl PefepansHoro

Meanko-bronornyeckoro areHTcTea», Mocksa, Poccus
ExxerogHbIl POCT vMcna Cny4Haes BbISBEHVS OakTepuii C MHOXECTBEHHON NEKAPCTBEHHOM YCTOMYMBOCTBIO AeNaeT akTyanbHOW 3afaqy Novcka ansTepHaTuBb
NPUMEHSIEMbIM aHTUBMOTUKAM. Takol ansTepHaTMBOM MOryT ObiTb MpenapaTbl Ha OCHOBE BUPYNEHTHbIX HakTepuodaros. Liensio paboTbl 66110 OLEeHUTH
3PEKTBHOCTL KOMMEPHECKMX (haroBbIX MPenapaToB 1 MOHOM30ASTOB 6aKTeproharos, BbIAENEHHbIX 13 MPUPOAHBIX UCTOYHMKOB, MPOTVB KIMHUHECKIX LLITaMMOB
Enterococcus faecium, Staphylococcus aureus, Klebsiella pneumoniae v Pseudomonas aeruginosa. Beina cobpaHa konnekumsa na 147 wraMmmoB, TUNMPOBaHHbIX
meTofoM MJICT. OueHKy adhdeKTMBHOCTY BakTeproaros NPoBOLWM METOAOM CrOT-TECTUMPOBaHNS. Havbonee adhdeKTBHBIMN oKasanMcb npenapartsl NpoTvB
S. aureus («bakTepuodar cTadnNoKOKKOBEI», 86%), K. pneumoniae («MnobakTeprodar NonmMBaneHTHbI O4MLLEHHbIN», 87,8%) 1 P aeruginosa (<bakTepuodar
NMCEeBAOMOHAC aepyrnHosar», 87,5%; «[nobaxtepunodar KOMMIeKCHbIn», 79,5-90%; «[nobakTepurodar NoNMBaNEHTHbIN O4MLLEHHbIR», 90-92,5%). [ns E. faecium
ahdekTBHOCTL Mpenapata «/HTecTn-bakTeprodar» coctasuna nnb 4,2%. Mpy aToM 3hHEKTUBHOCTD TEPaneBTUHECKNX NPEnapaToB, akKTUBHbIX NPOTUB
S. aureus n K. pneumoniae, 6bina Bbie 3PMEKTVBHOCTM OTAEMBHBIX MOHOM30NATOB GakTepuodaros (dar S. aureus vB_SauP-436-3w — 60%, dar K. pneumoniae
vB_Kp_M_Seu621 — 5,9%). Taknum 06pasom, nccnepyemble npenaparbi 061a0ar0T BbICOKOM aKTUBHOCTLIO MPOTUB WTaMMOB P aeruginosa, K. pneumoniae v
S. aureus. B cBot oyepefp npenapartoB, AEMCTBYIOLMX MPOTUB OCTaNbHbIX YneHoB rpymnnbl ESKAPE-natoreHoB (Acinetobacter baumannii w Enterobacter
cloacae), a Takke apeKTVBHbIX NPOTVB E. faecium, He NpeacTaBneHo Ha PbIHKE, YTO NOAYEPKMBaET HEOOXOAMMOCTbL MonCKa HOBbIX GakTeprodaros.
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Every year, multidrug resistant (MDR) bacteria are becoming
more prevalent. MDR strains are defined as having resistance
to three or more antibacterial drugs [1]. Bacterial infections
caused by MDR strains pose a critical threat to global
healthcare. Most MDR strains are found among the so called
ESKAPE pathogens (an acronym for Enterococcus faecium,
Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter
baumannii, Pseudomonas aeruginosa, and Enterobacter spp.).
These bacteria cause life-threatening nosocomial infections
and are especially dangerous for individuals with compromised
immunity and chronic conditions [2—4].

According to the World Health Organization, pathogenic
bacteria can be classified in terms of threat prioritization as
having critical, high or medium priority [1]. Carbapenem-
resistant A. baumannii, P. aeruginosa, Enterobacteriaceae
spp., as well as K. pneumoniae, are critical priority pathogens.
In some countries, the proportion of carbapenem-resistant
isolates among P. aeruginosa and K. pneumoniae can be
as high as 50 and 64%, respectively [5]. Methicillin-resistant
S. aureus (MRSA) and vancomycin-resistant E. faecium belong
to the high-priority group. In some countries, MRSA strains
amount to 43% of all S. aureus isolates, whereas vancomycin-
resistant E. faecium makes up 59.1% [5]. The number of
antibiotic-resistant isolates is constantly increasing.

Infections caused by drug-resistant ESKAPE pathogens
dictate the need for novel therapeutic approaches. One of
them involves using virulent bacteriophages as a complement
or an alternative to antibacterial therapy. The first attempts to
exploit bacteriophages in clinical practice were made in the
early 20" century. So far, phages have proved to be effective
antibacterial agents [6, 7]. Using virulent bacteriophages as
therapeutic agents has several advantages. Most importantly,
their interaction with a bacterial cell does not depend on the
resistance profile of the latter. Phages co-evolve with their
bacterial hosts and thereby learn to overcome the host’s
defenses.

Phage products available on Russia’s pharmaceutical
market are cocktails composed of several virulent phages.
Such cocktails allow targeting an array of different bacterial
strains. In Russia, most commercial phage products are
manufactured by two companies: Microgen Scientific and
Production Association and Micromir Research and Production
Center. The manufacturers claim that their phage cocktails are
effective against ESKAPE pathogens, including E. faecium,
S. aureus, K. pneumoniae, and P, aeruginosa. At present, there
are no commercial phage preparations on the Russian market
exerting activity against A. baumannii and Enterobacter spp.
This emphasizes the importance of their development.

The aim of this work was to evaluate the efficacy of commercial
phage cocktails and monoisolates of bacteriophages from
environmental sources against clinical strains of E. faecium,
S. aureus, K. pneumoniae, and R aeruginosa.

METHODS
Bacterial isolates

Isolates of E. faecium, S. aureus, K. pneumoniae, and
P, aeruginosa (n = 147) were obtained from the inpatients of
the Federal Research and Clinical Center of Physical-Chemical
Medicine of the Federal Medical Biological Agency in 2018-
2019. The cultures were grown on Columbia agar or soya broth
(both by Oxoid; UK) at 37 °C for 18-24 h.

Bacterial species were identified by means of direct mass
spectrometry profiing of bacterial lysates as described in
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[8]. A saturated solution of a-cyano-4-hydroxycinnamicacid
(Bruker Daltonics; Germany) in 50% acetonitrile and 2.5%
trifluoroacetic acid was used as a matrix solution. Mass spectra
were recorded on a Microflex MALDI TOF mass spectrometer
(Bruker Daltonics; Germany). A bacterial test standard (Bruker
Daltonics; Germany) was used for calibration. Mass spectra
were recorded, processed and analyzed in flexControl 3.0
and flexAnalysis 3.0 (Bruker Daltonics; Germany). Species
identification was aided by MALDI Biotyper 3.0 (Bruker
Daltonics; Germany).

Determining bacterial sensitivity to antibiotics

Sensitivity of bacterial strains to antibiotics was evaluated by disk
diffusion as recommended by the international Performance
Standards for Antimicrobial Susceptibility Testing (Clinical
and Laboratory Standards Institute) (CLSI) published in 2019
[9]. Gram-negative K. pneumoniae and P aeruginosa were
tested for sensitivity to ceftriaxone, gentamicin, ciprofloxacin,
and meropenem. Gram-positive S. aureus and E. faecium
were tested for sensitivity to erythromycin, ciprofloxacin and
tetracycline. Additionally, S. aureus isolates were tested for
resistance to oxacillin and gentamicin. Sensitivity of E. faecium
to vancomycin was evaluated using a method of serial dilutions
following CLSI recommendations [9].

Molecular genetic testing of bacterial strains

K. pneumoniae, P. aeruginosa and E. faecium strains were
genotyped using multilocus sequence typing (MLST) following
standard schemes [10-14]. For S. aureus, spa-typing was
applied according to the standard protocol; this technique
allows determining the sequence of the Staphylococcus
protein A gene [15].

Bacterial DNA was isolated using a DNA-express kit
(Lytech; Russia) following the manufacturer’s protocol. DNA
samples were stored at —20 °C. Genes targeted by genetic
typing were amplified in a TETRAD DNA ENGINE thermocycler
(MJ Research; USA). Amplification was carried out in 25 pl of
the reaction mix containing 66 mM Tris-HCI (pH 9), 16.6 mM
(NH,),SO,, 2.5 mM MgCl,, 250 uM of each dNTP, 1 Tag DNA
polymerase unit (Lytech; Russia), and 10 pmol of primers.
Amplification products were separated in 2% agarose gel
stained with ethidium bromide for DNA visualization.

Sanger sequencing was performed in a 3730 DNA Analyzer
(Thermo Fisher Scientific; UK). Gene sequences were analyzed in
the Ridom StaphType TM software (Ridom GmbH; Wurzburg,
Germany) and Vector NTI Suite 9 (Thermo Fisher Scientific; UK).
Allelic profiles and MLST types were determined by comparing
the obtained nucleotide sequences to the sequences stored in
the international PUbMLST database [11].

Commercial phage products

In this study, we evaluated the efficacy of 14 commercial
products of virulent bacteriophages manufactured by Microgen
(Table 1). All phage products were bought at Moscow
pharmacies and are approved for clinical use.

Isolation of bacteriophages from environmental sources

Bacteriophages capable of infecting some K. pneumoniae and
S. aureus strains were isolated from water samples collected
in different water reservoirs; isolation was performed using the
enrichment culture method. Briefly, a 50 ml water sample was



ORIGINAL RESEARCH | MICROBIOLOGY

Table 1. Commercial bacteriophage products used in the study

Name Activity spectrum Batch Manufactured in
number
N33 Nizhny Novgorod
"Staphylococcal bacteriophage" Staphylococcus aureus and some other coagulase-negative staphylococci
P332 Perm
Pseugomonaﬁ aeruginosa Pseudomonas aeruginosa N7 Nizhny Novgorod
bacteriophage
" ; ; o P252
Klebs.|ella pne”umomae purified Klebsiella pneumoniae Perm
bacteriophage P251
Klebsiella pneumoniae purified Klebsiella pneumoniae, Klebsiella ozaenae, Klebsiella rhinoscleromatis u27 Ufa
polyvalent bacteriophage
s s ut
. . B taphylococcus spp, Streptococcus spp, Proteus spp,
Purified polyvalent pyobacteriophage Pseudomonas aeruginosa, Klebsiella pneumoniae, Escherichia coli u25 Uta
Staphylococcus spp, Enterococcus spp, Streptococcus spp, N74
"Complex pyobacteriophage" enteropathogenic Escherichia coli, Proteus vulgaris, Proteus mirahilis, Nizhny Novgorod
Pseudomonas aeruginosa, Klebsiella pneumoniae, Klebsiella oxytoca N45
N101
Shigella flexneri, Shigella sonnei, Salmonella typhimurium, Salmonella spp, N123
"Intesti bacteriophage" Escherichia coli, Proteus spp, Enterococcus spp, Staphylococcus spp, Nizhny Novgorod
Pseudomonas aeruginosa N86
N175

filtered through a 0.45 pym Millipore filter (Merck Millipore;
USA). A 2x lysogeny broth (LB) (Oxoid; UK) was combined
with the water sample; 300 pL of the overnight bacterial
culture were added to the mixture and incubated on a rocking
shaker at 37 °C for 18 h. Then, bacterial cells were centrifuged
at 3,500 g, and the supernatant was filtered through a 0.22
pm Millipore filter (Merck Millipore; USA). Monoisolates were
obtained through a series of 3 sequential isolations from
negative colonies. The obtained bacteriophages were grown
in 50 ml of LB containing 300 pl of the overnight bacterial
culture. Bacteriophage concentrations in the phage lysate
were measured using a classic double layer agar method
proposed by A. Gratia [16].
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B

Evaluating the efficacy of commercial phage
products and monobacteriophage lysates

The efficacy of Iytic phages (titers of over 107) was evaluated in a
spot test. Briefly, 0.1 ml of the overnight culture was combined
with 0.6% semi-liquid LB agar. The resulting suspension was
applied onto Petri dishes coated with 1.5% LB agar. After the
top LB agar layer hardened, 5 pl of the studied phage was
applied onto it and incubated at 37 °C for 18-24 h. In 24 h,
either individual negative colonies or a transparent lysis zone
were observed where the agar drop had been applied. If this
was the case, the bacterial strain was considered sensitive
to the tested phage. In the absence of a lysis zone, the

100
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Fig. 1. Resistance to antibiotics among the strains of K. pneumoniae (A), P. aeruginosa (B), S. aureus (C), and E. faecium (D). The pink shows the proportion of
resistant strains. CIP — ciprofloxacin, TET — tetracycline, ERY — erythromycin, MRP — meropenem, VAN — vancomycin, OXA — oxacillin, CTR — ceftriaxone,

GEN — gentamicin
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bacterial strain was considered resistant to the tested phage.
The efficacy of a phage against a certain bacterial strain was
determined as percentage of susceptible bacterial strains of a
given species in the total pool of strains of this species included
in our collection.

RESULTS

We compiled a collection of 147 bacterial strains, which
included 33 strains of K. pneumoniae (22.5%), 40 strains of
P aeruginosa (27.2%), 50 strains of S. aureus (34%), and
24 strains of E. faecium (16.3%). Susceptibility profiles were
obtained for all strains included in the collection (Fig. 1).

Of 33 K. pneumoniae strains, 9 (27.3%) were sensitive
to all antibiotics they were tested against, 4 (12.1%) strains
were resistant to only one antibacterial drug, and 17 (51.5%)
strains exhibited multidrug resistance. Of 40 P aeruginosa
strains included in the collection, 7 (17.5%) were sensitive to all
antibiotics they were tested against, 15 (37.5%) were resistant
to one antibacterial drug, and 6 (15%) strains fell into the MDR
category.

Of 50 S. aureus strains included in the collection, 19 (38%)
were sensitive to all antibiotics they were tested against, 7
(14%) were resistant to one antibacterial drug, and 22 (44%)
were classified as MDR. Twenty-seven (54%) S. aureus strains
were resistant to oxacillin. There were no susceptible strains
among E. faecium isolates; 3 (12.5%) of 24 E. faecium strains
were resistant to one antibacterial drug, and 19 (19.2%) were
multidrug-resistant. Vancomycin-resistant E. faecium strains
amounted to 12%.

A
43%
ST395 uST23
mST86 u ST268
HST299 uST307
H ST1456 H ST1655
| ST2555 mSTIS
ESTI1 mST268
uST65 B Unique 1
Unique 2
C
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u ST64
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m ST323
H ST640
u ST806
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HST804
u ST808
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Using MLST, we identified 15 sequence types among
K. pneumoniae strains (Fig. 2A). The most common of them
were ST395 and ST23 represented by 14 (42.4%) and 5
(15.2%) strains, respectively. In addition, two unique sequence
types were identified in this group of pathogens (2-1-1-1-9-4-1
and 2-1-1-1-9-4-18). According to MLST, P, aeruginosa strains
fell into 26 different sequence types (Fig. 2B). ST12 was the
most common sequence type among P aeruginosa strains (5
out of total 40 strains; 12.5%). In addition, 3 unique sequence
types were identified: type 15-5-11-8-4-4-1 represented by 2
strains, type 15-2-11-3-3-38-3 represented by 2 strains and
type 17-5-12-3-14-4-7 represented by 1 strain. E. faecium
strains belonged to 12 different sequence types, the most
common being ST18 (4 out of 24 strains; 16.7%), ST17 (3 of
24 strains; 12.5%), ST78 (3 of 24 strains; 12.5%) and ST192 (3
of 24 strains; 12.5%) (Fig. 2C).

Spa-typing revealed the diversity of S. aureus strains (Fig. 2D) in
our collection. This species was represented by 18 spa-types;
the types t008 and t308 prevailed, accounting for 20 (40%) and
6 (12%) of the total 50 S. aureus strains.

The efficacy of 14 commercial phage products (see
Table 1; Fig. 3) was tested on the compiled collection of
characterized ESKAPE pathogens. The best effect against
K. pneumoniae was observed for "Purified polyvalent
pyobacteriophage", batch number U1, which killed 29
(87.9%) of 33 K. pneumoniae strains (Fig. 3A). The efficacy of
the commercial phage products against P aeruginosa varied
from 76.9 to 92.5% (Fig. 3B). "Staphylococcal bacteriophage"
was effective against 43 (86%) of 50 S. aureus strains (Fig. 3C).
"Intesti bacteriophage", batch number P86, was the only

B

ST12 uST244 uST654
uSTI198 uST207 u ST499
M Unique type 1 M Unique type 2 mST17
M Unique type 3 mST186 mST233
HST235 uST266 u ST357

ST395 m ST483 u ST498
H ST508 H ST569  ST589
uST1094 mST1292 mST1527
u ST2427 = ST2690
D

40%

t008 mt308 mt127
w002 w233 Wt2361
H267 Wt3625 Mt385
024 ®mt030 mt1023
H 331  mt1460 = t190

t015  m 021 t435

Fig. 2. Results of molecular genetic typing for K. pneumoniae (A) P aeruginosa (B) E. faecium (C), and S. aureus (D)
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Fig. 3. The efficacy of commercial phage products against K. pneumoniae (A), P. aeruginosa (B) and S. aureus (C). The green shows the proportion of strains sensitive
to the tested phage products. Batch numbers represent the tested products: "Purified polyvalent pyobacteriophage" (U1, U25); "Complex pyobacteriophage" (N74,
N45); "Klebsiella pneumoniae purified bacteriophage" (P252, P251); "Klebsiella pneumoniae purified polyvalent bacteriophage" (U27); "Pseudomonas aeruginosa

bacteriophage" (N7); "Staphylococcal bacteriophage" (P332, N33).

available bacteriophage against E. faecium; it successfully
infected 24 (4.2%) E. faecium strains.

To compare the efficacy of commercial phage products with
that of natural phages, bacteriophage monoisolates exhibiting
activity against K. pneumoniae and S. aureus were recovered
from natural reservoirs (vB_Kp_M_Seu621 and vB_SauP-436-
3w, respectively). Their titers were 102> PFU/m (for vB_Kp_M_
Seu621) and 10" PFU/m (for vB_SauP-436-3w), respectively.
The efficacy of the vB_Kp_M_Seu621 and vB_SauP-436-3w
monoisolates was 5. 9 and 60%, respectively (see Fig. 3A and 3C).

DISCUSSION

The efficacy of polyvalent phage products against
K. pneumoniae varied from 42.4 to 87.9%; for monoisolates,
this range was narrower: from 33.3 to 78.1% (see Fig. 3A).
This suggests that the phage cocktails used in the study
differed in their composition and should be updated and
tested against currently circulating bacterial strains. The
efficacy of the phage vB_Kp_M_Seu621 (5.9%) isolated from
environmental sources was much lower than the efficacy
of the tested commercial phage products which might be
associated with the diversity of K. pneumoniae capsule types.
The capsule can serve as a receptor for bacteriophages and
determine the efficacy of interaction between the phage and
its host [17].

It should be noted that almost all strains of K. pneumoniae
included in the collection (32 of 33; 97.9%) were sensitive to at
least one of the tested phage products. There was no significant
difference in the efficacy of lysis between MDR and susceptible
strains. The majority of MDR strains belonged to the sequence
type ST395. Strains of this sequence type are very common
among nosocomial pathogens and are associated with the
spread of the blaOXA-48 gene, which confers resistance to
B-lactams [18]. MDR strains representing this sequence type
were susceptible to "Purified polyvalent pyobacteriophage"
(U1); the efficacy of this phage product against ST395 strains
was 81.8% (9 of 11). It also caused lysis of other MDR strains
of K. pneumoniae belonging to the types ST15, ST23, ST268.

The highest efficacy of virulent phages was observed for
P, aeruginosa strains. The efficacy of polyvalent phage products
against this pathogen was 76.2-90%, whereas the efficacy of
monovalent phage products was 87.5% (see Fig. 3B). These
findings correlate with previously published data. A Turkish
study carried out on a small sample of 10 P aeruginosa strains
demonstrated that the efficacy of "Complex pyobacteriophage"
and "Intesti bacteriophage" was 90 and 80%, respectively [19].

Similar to their effect on K. pneumoniae, the tested products
caused lysis of almost all P aeruginosa strains included in our
collection (39 of 40; 97.5%). MDR strains represented by the
types ST235, ST357 and ST654 were successfully lysed by the
majority of the tested phage preparations.
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Monovalent bacteriophage products demonstrated 86%
efficacy against S. aureus ("Staphylococcal bacteriophage",
Fig. 3C). High efficacy of the phage product was earlier reported
by other researchers. For example, the efficacy of the phage
vB_SauM-fRuSau02 isolated from this commercial product
was previously evaluated against 135 staph strains, including
30 strains of coagulase-negative staphylococci [20]. Notably,
S. aureus strains used in the study had different origins: 51
strains were isolated from humans, whereas 54 strains, from
pigs. The efficacy of the phage vB_SauM-fRuSau02 was very
high (96%) against S. aureus isolated from humans. In turn, the
efficacy of this phage against coagulase-negative staphylococci
species and S. aureus strains isolated from animals was lower
(50 and 33%, respectively) [20]. Another study investigated
the efficacy of the commercial phage product "Stafal phage"
(Bohemia Pharmaceuticals; Czech Republic). The study
revealed that bacteriophages isolated from this preparation
effectively killed 83% of MRSA and 99% of MSSA (methicillin
susceptible Staphylococcus aureus) [21].

In our study, all MRSA, as well as MDR strains, were
sensitive to "Staphylococcal bacteriophage" (batch number
N33). One more MRSA strain from the MDR group was
sensitive to another batch of this commercial product (P332).
This strain was represented by the spa-type t127.

The efficacy of the phage monoisolate vB_SauP-436-
3w against the strains included in our collection was lower
(30 of 50; 60%) than the efficacy of the commercial product
"Staphylococcal bacteriophage" (43 of 50; 86%), but still
significantly higher than the efficacy of the phage vB_Kp_M_
Seu621, which effectively killed K. pneumoniae. This can be
explained by the fact that receptors for staphylophages are
represented by teichoic acids of bacterial cells [22], whose
variability is much lower than that of gram-negative bacteria
capsules.

The efficacy of all tested commercial phage products
against E. faecium was poor (1 of 24; 4.2%). The only strain
sensitive to the tested phages was represented by the type
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The evolving COVID-19 pandemic caused by the SARS-CoV-2
coronavirus is unprecedented in modern history. SARS-CoV-2
quickly spread throughout the world, affecting over 5 million
and causing death of more than 300 thousand people (WHO
data as of May 25, 2020) [1]. It dramatically changed the way
of life in many countries, threatening further economic shocks.
The reaction of scientific community to the pandemic is also
distinguished with speed and scope. As soon as they receive
papers from authors, world leading journals publish the latest
information about the pathogen and its effect on the body,
approaches to treatment and principles of curbing the spread
of the virus. Such papers allowed developing the tools to
detect SARS-CoV-2 RNA and test for its antibodies within the
shortest time. This paper briefly overviews the known data on
the immune response to SARS-CoV-2, and also analyzes the
possibilities and limitations of serological testing for antibodies
that should be accounted for when planning population studies
and interpreting their results.

SARS-CoV-2 infection immune response

The information accumulated to date allows a degree of certainty
to the statement that the immune response to SARS-CoV-2
infection develops following a typical scenario. In most SARS-
CoV-2 patients specific antibodies of various classes appear
1-2 weeks after manifestation of the symptoms [2]. One study
reports 40-55% of patients admitted with COVID-19 developing
antibodies by days 5 to 7, with their number reaching 100% by
days 17 to 19 [3]. In these patients, the antibody titer increased
2-4 times throughout the observation period (up to 27 days from
the onset of symptoms) with seroconversion, i.e. appearance
of specific antibodies, in the background. Other researchers
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report the average of 10-15 days as the term of seroconversion
in symptomatic SARS-CoV-2 cases [4]. Another important
factor is that most COVID-19 patients, including those that had
it in a mild form, develop specific functional antibodies capable
of neutralizing the virus that make them effectively immune.
Two weeks after the onset of symptoms, such antibodies were
found in 94% of COVID-19 patients [5].

Cellular immunity to SARS-CoV-2 is developing in parallel
with antibodies thereto. Within 2-4 weeks after infection, the
body generates a pool of virus-specific T-lymphocytes [7, 8].
The hypothesis is that CD4- and CD8- T-lymphocytes will
reliably protect their carriers from SARS-CoV-2 reinfection if
they had no antibodies detected.

At this stage of development of the pandemic, the data
available disallow conclusions about the term of persistence
of SARS-CoV-2 immunity. The earlier research into seasonal
coronaviruses, MERS-CoV and SARS-CoV-1, which are related
to SARS-CoV-2, suggests certain ideas. SARS-CoV-1 patients
had the IgG concentration remaining high for 4-5 months,
then it was gradually decreasing over the course of 2-3 years,
although after 2.5 years up to 90% of those who had SARS-
CoV-1 retained neutralizing antibodies. The antibody response
followed the like path in MERS-CoV patients: those who
recovered retained the antibodies for up to 34 months [4, 6].

The SARS-CoV-2 reinfection potential question remains
open. So far, no confirmed SARS-CoV-2 reinfection cases
have been described. A study on primates showed that having
been infected with SARS-CoV-2, the body cannot be reinfected
with this virus [6]. There are also no SARS-CoV-1 and MERS-
CoV reinfection cases described. However, the cases of
reinfection with seasonal coronaviruses are quite common,
with the conditions brought by them typically being mild acute
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respiratory diseases. Here, reinfection may be associated with
a rapid decline of protective immunity or contracting a new
serovariation of the virus [4, 6].

COVID-19 seroepidemiology

So far, most COVID-19 seroepidemiology studies have only
considered cohorts of patients admitted to the hospitals and
patients with symptoms of the infection. It is possible that
the bodies of individuals that had the symptoms manifesting
minimally or not manifesting at all generate antibodies at a
different rate and their post-infection immunity has different
properties [9]. Various media outlets report the frequency
of asymptomatic (or subclinical) seroconversion in various
populations sharing a territory or an occupation, such reports
being of varying degrees of reliability. The scientific community
has produced a very small amount of publications covering this
topic. A serological examination of Los Angeles residents that
aimed to assess the cumulative incidence of COVID-19 revealed
lgG and/or IgM antibodies in 35 (4.65%) of 863 participants
[10], with 10 (29%) of the 35 reporting no symptoms of acute
respiratory viral infections in the last two months, which could
point to seroconversion as a result of asymptomatic SARS-
CoV-2 infection. The possibility of subclinical seroconversion
was demonstrated in a small study showing 3 (23%) of 13
patients and 11 (44%) of 25 employees of an outpatient dialysis
center in the USA generating anti-SARS-CoV-2 IgM and/or IgG
21 days after contact with a COVID-19 patient. In this study, the
majority of participants with antibodies (2 of 3 patients and 9 of
11 employees) had no COVID-19-like symptoms [11].

The problems of anti-SARS-CoV-2 serological testing

There is no doubt that serological tests for antibodies to
SARS-CoV-2 can be extremely useful for diagnosing infection,
studying population immunity, evaluating the response to
vaccination etc. At the same time, such tests have specific
limitations, which should be acknowledged on par with their
advantages. A number of materials published in the respected
scientific journals [6, 9, 12—-14] recommend caution in the use of
anti-SARS-CoV-2 serological tests, most of which are flawed.

Like any serological test, the anti-SARS-CoV-2 test will
inevitably produce a certain percentage of erroneous (false-
positive and false-negative) results. Obviously, their number will
depend on the analytical capabilities of the test system, such as
sensitivity (ability to detect antibody carriers; proportion of true-
positive results) and specificity (selectivity of the test; proportion
of true-negative results).

The sensitivity and specificity of 90-95% are often
misleading; the figures are interpreted as a guaranteeing a
low probability of error, 5-10%, respectively, which can be
simply neglected. However, it should be remembered that the
number of false results will vary depending on the prevalence of
antibodies in a given population. This fact is often ignored, which
leads to an inaccurate interpretation of the results. Below are
some cases exemplifying the concern outlined above. Suppose
there is a test system with a declared sensitivity and specificity
of 95%. It is applied to 1) examine a population of former
COVID-19 patients (the expected prevalence of antibodies is
90%); 2) examine a population not infected with COVID-19 and
showing no symptoms of acute respiratory viral infections in the
last 2 months (the expected prevalence of antibodies is 5%).
The following formula allows assessing reliability of test result
with the help of the positive prognostic value (PPV), i.e. the
probability that a positive test result is true-positive [14]:

Sensitivity x Prevalence
PPV =

Sensitivity x Prevalence + (1 — Specificity) x (1 — Prevalence)

For the first population (former COVID-19 patients) the PPV
is 0.99, i.e., the probability that with a positive test result the
individual actually has antibodies is 99%. However, the situation
looks radically different in the second hypothetical population,
for which the PPV value (with the same sensitivity and specificity
of the test system) is only 50%. Thus, selectivity of the test
system with a specificity of 95% is insufficient for a population
with a low level of occurrence of antibodies; such a system
produces false-positive results in half (!) of the cases.

Therefore, the degree of sensitivity and specificity of a test
system should be evaluated depending on the characteristics
of the population subject to examination, and interpretation
of results of the tests should factor in the possible error.
Simple calculations show that in order to have PPV > 80%
in a population 5% of which has antibodies, the test system's
specificity must be over 99%.

Currently, the market offers dozens of SARS-CoV-2
antibody test systems from various manufacturers. They
are actively promoted, the campaigns' messages declaring
accuracy and reliability of testing. Not all manufacturers openly
report analytical characteristics of their products; probably,
some of them simply have no knowledge of such since they
did not set up the studies needed to acquire such information
[9]. The use of such unreliable tests during a pandemic can be
dangerous both for a specific person and for the population as
a whole. The decisions about admission of medical personnel
to work, making restrictive measures milder/stricter, as well as
stigmatization of "people without antibodies" and, conversely,
granting complete indulgence to individuals with SARS-CoV-2
antibodies down to giving them the so-called "immunological
passports" based on a single study with uncertain level of
confidence, can lead to serious consequences [9, 13].

In addition, the scale of serological testing should be
reasonable. Testing the entire population is impractical and not
necessary. For example, there are detailed guidelines issued
by Rospotrebnadzor describing the procedure for organizing
and conducting serological monitoring of the status of herd
immunity to vaccine-controlled infections [15]. These guidelines
describe indicator representative groups that should be tested, the
frequency of their examination, etc. The SARS-CoV-2 antibodies
screening activities should be clearly planned so that the results
obtained in relatively small samples could allow reliable conclusions
about herd immunity in the population as a whole and in individual
high-risk (medical workers in particular) or vulnerable groups
(elderly people, patients with chronic diseases, etc.).

In the view of the stated considerations, the gigantic scale
of anti-SARS-CoV-2 population screening launched in May
2020 in Moscow, the effort involving 3 to 6 million people and
costing 0.5-1 billion rubles [16], is bewildering, to say the least.
The test system used for this effort has a specificity of 95.38%,
which is clearly not enough for use in a population with a low
prevalence of antibodies, as mentioned above. With a high
degree of certainty, it can be said that Moscow residents, who
have been in isolation for almost two months, constitute just
such a population. Even if we assume that the real proportion
of seropositive individuals is 10%, a test with the indicated
specificity will give over 30% of false-positive results.

CONCLUSIONS

Mass-scale testing of individuals that did not have COVID-19
(i.e., populations with a low incidence of SARS-CoV-2
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antibodies) can generate a large number of false-positive
results, significantly exceeding the number of true-positive
results. The sample size for such studies should be reasonably
sufficient, and the data interpreted with the systems' analytical

characteristics factored in. These characteristics should be
publicly available and verifiable. Otherwise, the widespread use
of imperfect serological tests can be a source of serious errors
in the medical and managerial decisions made.

" This value is indicated in the decision of the Moscow Department of Health COVID-19 Clinical Committee of 12.05.2020 (not published officially). Other sources of
data on the analytical characteristics of this test system could not be found.
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IgM AND IgG ANTIBODIES AGAINST SARS-COV-2 IN NEONATES BORN TO MOTHERS WITH COVID-19
Semeshkin AA, Vechorko VI, Silaev BV =, Levchuk NN, Polikarpova SV, Averkov OV
Filatov City Clinical Hospital Ne 15, Moscow, Russia

Immunity against the novel coronavirus infection in neonates born to mothers with PCR-confirmed COVID-19 is an understudied field of research. The aim of this
study was to analyze the levels of IgM and IgG antibodies against SARS-CoV-2. The study was carried out in 20 mothers aged 19 to 39 years and 21 neonates
(including a pair of twins). Babies born to mothers with elevated IgM and IgG against SARS-CoV-2 also had elevated IgG. There is a hypothesis that anti-SARS-
CoV-2 IgM are not passed on to the child across the placenta. In all cases studied in this work, neonates were PCR-negative for the virus, which suggests the
absence of vertical COVID-19 transmission. Further research is needed.
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AHTUTENA IgM U IgG K BUPYCY SARS-COV-2 Y HOBOPOXXEHHbIX OT MATEPEW C COVID-19
A. A. CemelkuH, B. V. Bevopko, b. B. Cunaes =, H. H. JleBuyk, C. B. MNonvkaprosa, O. B. ABepkoB
lopoackast knnHmndeckast 6onbHuLa Ne 15 nmern O. M. dunatosa, Mocksa, Poccurst

ViccnenoBaHvie UMMyHUTETA Y HOBOPOXAEHHBIX, POAVBLLMXCA OT MaTepelt ¢ foka3aHHON HOBOW KOpPOHaBMPYCHOM MHdekumern COVD-19, — manonadyyeHHblin B
HacTosiLLee Bpemsi BOnpoc. Lienbto paboTsl 6b110 NpoaHanavpoBaTh YPoBeHb MMyHornobynnHos IgM 1 IgG k Bupycy SARS-CoV-2. ViccnepgosaHre nposoanm
y 20 matepeit B Bo3pacte 19-39 neT 1 21 HOBOPOXXAEHHOIO (POAMNACch OaHa ABOHS). B cry4dae 06Hapy»eHWsA MOBbILLEHHOrO YPOBHSA UMMYHOMO0YNHOB IgM,
I9G Kk BUpycy SARS-CoV-2 y MaTepu y HOBOPOXXAEHHOMO BbISBIISN MOBbILLEHHbIN YPOBeHb IgG. VIMeeTcst Npefnonoxenmne, HYTo MMMyHOrnodynvHbl IgM - K BUpYyCy
SARS-CoV-2 He NpoHVKaloT Yepes nnaueHTy OT MaTepu K pebeHky. Bo Bcex HabnopeHusx nccnenoBaHve ¢ nomolbto MLP y HOBOpOXAeHHbIX nokadano
oTpYLATENbHbIN PE3YALTAT, TakM 06Pa3oM, BEPTVKanbHOro nyTtu nepegadn COVID-19, no Bcen BUAMMOCTU, HET. HeOOXx0aMMbI AanbHENLLINE NCCNIE[0BAHMS.

KnioueBble cnosa: HoBas kOpoHaBvpycHas nHdekums, COVID-19, SARS-CoV-2, nytn nepefaqn nHMekLmn, HOBOPOXKAEHHbIE, MaTePW, UMMYHUTET HOBOPO-
YKAEHHBIX, MMMYHOrnobynuHbl, IgM, 1gG, nnaueHTa

Bknap aBTopoB: A. A. CemeLLKH — cOop MaTtepuana, 3abop KpoBW Ana nccnenosanns IgM 1 IgG y HOBOPOXXAEHHbIX, B3sTUE Ma3koB And MNMLP-anarHocTrkm
Y HOBOPOXAEHHbIX, aHaN3 MOMy4eHHbIX JaHHbIX, HamncaHwe ctaten; B. V1. Bedopko, O. B. ABEPKOB — MnaHMpoBaHVe UCCNefoBaHMS, aHamn3 nomyHeHHbIX
daHHbix; B. B. CrunaeB — nnaHvpoBaHne UCCNeaoBaHns, 3abop KpoBu And nccneposaHus IgM n IgG y matepei, B3atne maskos ang lNMLP-gnarHocTukn y
MaTepen, aHanm3a nolyYeHHbIX AaHHbIX, MOVCK INTEPATYPHBIX MCTOYHMKOB, HanucaHme ctarteu; H. H. JleB4yk — cOop matepuana, BbiNoHEHME 1abopaTopHbIX
ncenenosaHuii IgM 1 1gG, aHanma nony4erHbix AaHHbix; C. B. MNonvkapnosa — cbop Matepuana, BbinonHeHue MNLP-ArarHocTvkn y MaTepeit 1 HOBOPOXKAEHHbIX,
MOWCK TIMTEPATYPHbIX MCTOYHUKOB, aHaN3 MOMyHEeHHbIX AaHHbIX.
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The ongoing COVID-19 pandemic has raised keen interest
in studying the immunity to the novel coronavirus infection
in neonates born to mothers with laboratory confirmed
CQOVID-19. So far, there is only a paucity of international
literature on this matter, based on few observations that require
further in-depth analysis. Currently, vertical (mother-to-child)
transmission of the virus is deemed unlikely [1]. A few cases
of possible vertical transmission reported in China [2, 3] and
Peru [4] are controversial. According to the interim guidance
by WHO, testing for COVID-19 should be performed using
reverse-transcriptase polymerase chain reaction (RT-PCR),
which is a highly accurate and reliable diagnostic tool [5]. RT-
PCR can detect the smallest amounts of viral RNA in a human
biological specimen. Testing for anti-SARS-CoV-2 IgM and
IgG antibodies is widely used in patients with COVID-19 and

might be an alluring technique for studying the immunity of
infants born to SARS-CoV-2-infected mothers. The aim of
this paper was to study the immunity of neonates born to
mothers with PCR-confirmed COVID-19. The presence of
IgG antibodies against SARS-CoV-2 in newborns suggests
the innate immune response to the virus and might serve as
a prognostic marker.

METHODS

The study was carried out in a group of pregnant females
(n = 20) aged 19 to 39 years admitted to the maternity unit
of Filatov City Clinical Hospital No. 15 between May 1, 2020
and May 20, 2020. On admission, all females underwent PCR-
based tests for COVID-19. Additionally, all neonates (n = 21,
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including a pair of twins) were also tested for COVID-19 on the
first or second day after birth. The following inclusion criteria
were applied: COVID-19 diagnosed on admission, with mild
or moderate clinical symptoms. The severity of the disease
was assessed following the temporary COVID-19 guidelines
of the Russian Ministry of Healthcare [6]. Females with acute
respiratory infection other than COVID-19 and a negative
SARS-CoV-2 test were excluded from the study.

Laboratory (molecular) tests for the novel coronavirus
infection were carried out following the temporary COVID-19
guidelines of the Russian Ministry of Healthcare [6].

Biological samples were collected for subsequent PCR
as recommended in COVID-19 guidelines [7]. The etiologic
diagnosis of COVID-19 is based on establishing the fact
of infection with SARS-CoV-2 from the presence of SARS-
CoV-2 RNA in the collected specimen by means of nucleic
acid amplification. In our laboratory, we use AmpliTest SARS-
CoV-2 kits designed at the Center of Strategic Planning and
Management of Medical and Biological Health Risks (FMBA;
Russia).

IgM and IgG antibodies against SARS-CoV-2 were measured
in the serum of mothers and neonates on the first/second day
after birth. Collection, shipment and storage of the samples were
performed following the manufacturer’s instructions.

The samples were analyzed on a CL 6000i Chemiluminescence
Immunoassay Analyzer (Shenzhen Mindray Bio-Medical Electronics
Co.; China).

Levels of IgG and IgM antibodies against SARS-CoV-2
(SARS-CoV-2-1gG, SARS-CoV-2-IgM) were measured using an
immunochemiluminescent technique (the claimed sensitivity and
specificity of the assay were 97.8 and 97.9%, respectively). The
reference ranges for IgM and IgG titers were 0.00-0.999 OSE
and 0.00-9.90 un/ml, respectively.

Sixteen deliveries were vaginal. Cesarian section by the
conventional technique was performed in 4 cases. Considering

OPUTMHAJIbHOE NCCJIEOOBAHNE | UMMYHOIJI0I A

the epidemiological situation, all patients were wearing face
coverings and the medical personnel were wearing protective
gowns and FFP2-3 face masks.

RESULTS

Newborns were isolated from their mothers immediately after
birth. All babies scored 8-9 points on the Apgar scale at 1
minute after birth and 9-10 points at 5 minutes after birth. All
neonatal nasal and nasopharyngeal swabs collected on day
1 or 2 after birth were PCR-negative for SARS-CoV-2. The
collected specimens were also tested for the presence of anti-
SARS-CoV-2 IgM and IgG antibodies.

Antibodies against SARS-CoV-2 were detected in all
neonatal samples. Both IgM and IgG were elevated in one case.
IgM and IgG were within the reference range in 4 neonates;
similar results were observed in their mothers. Only IgG was
elevated in 14 newborns; their mothers had high titers of both
IgM and IgG outside the reference range (Table 1).

No RNA fragments of SARS-CoV-19 were detected in any of
the neonates born to mothers with confirmed COVID-19. However,
all neonates had virus-specific IgG antibodies in their serum.

IgG was elevated in 16 neonates but only in those cases
when maternal IgG levels were also elevated (n = 16).

DISCUSSION

The obtained data allows us to hypothesize that IgG antibodies
are passively carried to the fetus across the placenta by the
maternal blood flow at the end of the third trimester and reach
their peak level by the time of delivery. Some authors report
that due to high molecular weight, IgM antibodies, which were
detected in only one neonate in our study, are not passed
on from the mother to the child [1-4]. It might be possible,
though, that IgM is produced by the baby itself if the virus

Table 1. Levels of IgM and IgG antibodies against SARS-CoV-2 in mothers and their children

IgM 19G
Case
Mother Infant Mother Infant
1 2.51 0.15 0.40 0.49
2 8.84 0.30 34.76 11.24
3 9.29 0.43 136.02 109.84
4 0.96 0.26 0.53 0.97
5 1.19 0.24 17.54 15.01
6 0.48 0.24 0.32 0.70
7 2.01 0.24 24.81 9.69
8 1.19 0.18 92.40 4212
9 6.70 0.26 116.04 24.41
10 6.80 0.14 66.32 89.12
11 0.68 0.25 1.54 1.20
12 0.31 0.21 0.32 0.58
13 14.43 0.15 38.86 23.9
" e e
15 1.26 0.62 39.30 12.67
16 2.52 0.95 6.52 2.1
17 0.41 0.12 103.02 38.64
18 1.94 0.41 19.86 12.54
19 2.48 0.94 6.34 1.15
20 10.08 8.54 24.12 16.87
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has already crossed the placenta. Our findings are consistent
with the findings of our Chinese colleagues who worked with
a smaller sample size [8-10]. We did not perform any tests
on the placenta; therefore, the proposition above is merely a
hypothesis. Our study has a few limitations. Our sample size
was small and we did not test the amniotic fluid and breast milk
for the presence of the virus and the antibodies. Nevertheless,
our findings might be helpful in better understanding the
serologic features of neonates born to SARS-CoV-2-infected
mothers.
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MICROCEPHALY-CAPILLARY MALFORMATION SYNDROME
Shchagina OA®, Semenova NA, Bessonova LA, Larshina EA, Beskorovainiy NS, Zakharova EYu, Ryzhkova OP, Poliakov AV
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Microcephaly-capillary malformation syndrome (MICCAP: OMIM 614261) is a severe monogenic disorder inherited in an autosomal recessive manner caused by
mutations in the STAMBP gene. There are less than 20 published cases of the syndrome to date. The paper reports three new cases of rare MICCAP syndrome.
The cause of the disorder was confirmed in three affected individuals from two unrelated families by pedigree analysis, biochemical analysis, RFLP analysis and
automated Sanger sequencing. The two brothers were homozygous for the potentially pathogenic STAMBP gene variant ¢.188A>G (p. Tyr63Cys). Clinical phenotype
of the girl from the second family resulted from the combination of two genetic disorders: galactosemia caused by the compound heterozygosity for the pathogenic
GALT gene variants (c.563A>G and ¢.855G>T), and MICCAP caused by the STAMBP gene variants (c.204-5C>G and ¢.668_669delCA), one of which originated
de novo. The prevalence of microcephaly-capillary malformation syndrome in Russia is evaluated, it is one per 120,000 people (Cl: 1/356 724-1/62 691). The
carrier frequency is one per 173 people. The target STAMBP gene analysis makes the genetic confirmation of the MICCAP syndrome quicklier. When determining
the tactics of diagnosis and therapy in each particular case, the possibility of combination of two rare genetic disorders in one patient should be considered.
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CNHAPOM MUKPOLIE®AJTNN B COYHETAHUN C KAMUITNAPHBIMA
MANTb®OPMALINAMU

O. A. LarnHa B9 H. A. CemeHosa, J1. A. Beccoroga, E. A. JTaplumHa, H. C. BeckopogaitHbii, E. FO. 3axaposa, O. M. Peixkosa, A. B. Monskos
MeaunKo-reHeTHecKUiA Hay4HbIN LieHTp umern H. . Boykosa, Mockea, Poccust

CuvHApoM MyKpoLedanimn B codeTaHny ¢ kanunnapHsiMy Manbsdopmaumsamn (MICCAP) (OMIM #614261) — Tsbkenoe MoHoreHHoe 3abonesaHne ¢ ayTOCOMHO-
peLecCUBHbIM TUMOM HACNEA0BaHS, MPUHMHON KOTOPOro SBASOTCS MyTaumn reHa STAMBP. Ha cerogHAWwHWIA AeHb B MMPOBOW MTepaTtype OnmncaHo MeHee
20 cnyyaeB fgaHHOro cuHapoma. B paboTe npeactaBneHbl Tpn HOBbIX cryyas peakoro cvHapoma MICCAP: Ha 0CHOBaHWM KIMHUKO-reHeaorn4eckoro aHanmaa,
METO0B OMOXVMMYECKOrO MCCefoBaHVs, aHanmaa noavmopdunamMa AavH PECTPUKLMOHHbBIX (hParMEHTOB, MPSMOrO aBTOMATUHECKOrO CEKBEHMPOBaHMS MO
CeHrepy ycTaHOBREHa NpuHnHa 601e3HM y Tpex 00MbHbIX 13 ABYX HEPOLACTBEHHbIX CeMelt. Y AByx OpaTbeB BbIsiBNIEH BEPOATHO-NATOreHHbIV BapuaHT reHa STAMBP
¢.188A>G (p.Tyr63Cys) B roMO3UIOTHOM COCTOSIHMN. Y AEBOYKM 13 BTOPOV CEMbM MPUYMHOM KIMHUYECKOrO (heHoTUNa SBUSIOCh COYETaHne ABYX HaCNeaCTBEHHbIX
3a60/1eBaHN: ranakTo3emum, 0ByCNoBAEHHOM NaToreHHbIMY BapraHTamu ¢.563A>G 1 ¢.855G>T reHa GALT B KOMMayHA-reTepo3nrotHoM coctosiHum 1 MICCAR,
obycnosneHHoro BapuaHtamu ¢.204-5C>G n ¢.668_669delCA reHa STAMBP, oanH 13 KOTOPbIX BO3HWUK de novo. OueHeHbl YacToTa CuHapoMa MukpoLiedanimn
B COYETAHWUM C KanansapHbIMU ManbdopmMaLmsamm B Poccun — oguH ciydain Ha 120 000 Yenosek (OW: 1/356 724-1/62 691) 1 YyacToTa HOCUTENbCTBa AaHHOMO
CcUHIOpoMa — OfuH crydaii Ha 173 venoseka. Viccneposanue reHa STAMBP no3BonsieT 6bICTPO HaTU MOSEKYNSAPHO-reHETUYECKYO MpnyrHy cuHapoma MICCARP.
[Mpn BbIGOPE TaKTUKM AVArHOCTUKI 1 TEPanm B KaXKAOM KOHKPETHOM Cllydae HEOOXOAMMO YHMTbIBATb BOSMOXXHOCTb COYETAHNSA Y OAHOMO OOMBbHOrO ABYX PEOKNX
HaCNefCTBEHHbIX MaTOMOMiA.

KntouyeBble cnoBa: M1KpoLedanis, reMaHrioma, kanunnspHas mansgopmaums, STAMBP, ranaktodemus, GALT

Bknap aBTopos: O. A. LLlarnHa — au13aiH 1ccnefoBaHus, MONEKYSPHO-FEHETUYECKIMIA aHanM3, OLieHKa YacToT, cTaTucTuydeckas obpaboTka; H. A. CemeHoBa,
J1. A. BeccoHoBa — KIMHYeCKOe 0OCNEAOBaHNE 1 MEAVKO-TEHETUHECKOE KOHCYETMPOBaHNE cemei 60mbHbIX; E. A. JlapLumHa — B1OXMMUHECKOE UCCNERoBaHYe,
aHanma reHa GALT; H. C. beckopoBaliHblii — 06paboTka MaccrBa 3K30MHbIX AaHHbIX; E. FO. 3axapoBa — GMOXMMMHECKOe MCCneaoBaHmne, pacyeT YacToTbl
6onesHu; O. M. PbbkkoBa — aHanu3 naTtoreHHOCTW BapnaHTOB, SK30MHOE CekBeHupoBaHue; A. B. TMonskoB — BbIGOP NpanMepoB A MOMEKYSPHO-
reHeTNYeCKOro aHanmaa.

CobniofeHne 3TUHECKUX CTaHAaPTOB: UCCNeAoBaHNE Of0OPEHO STUHECKUM KOMUTETOM MeonKo-reHeTUHeCKOro Hay4Horo LeHTpa vmenn H. T, Bodkosa
(npoTokon Homep 5/8 ot 12 Hosibps 2018 ). Bece naumeHTbl nnv nx 3akoHHblE NMPeacTaBUTENM NoAnMcan A06POBObHOE MH(OPMMPOBAHHOE cornacve Ha
NpoBefeHNe MONEKYNSPHO-FEHETUYECKMX UCCNER0BaHNIA, MyONMKaLMIO KIMHUHECKUX, MONEKYNISPHO-MEHETUHECKUX AaHHbIX, BKItOYast POTO- 1 BuaeoMaTepumans,
C COXpaHeHNeM aHOHMMHOCTMW.

P><] Bns koppecnoHpeHumn: Onbra AHatonbesHa LLlarnHa
yn. Mockeopeube, a. 1, . Mocksa, 115522; schagina@dnalab.ru, schagina_o@mail.ru

Cratbsi nonyyeHa: 18.05.2020 CtaTtbsa npuHATa K nevatu: 03.06.2020 Ony6nukosaHa oHnaviH: 18.06.2020

DOI: 10.24075/vrgmu.2020.033

Microcephaly-capillary malformation syndrome (MICCAP: to abnormal capillary formation. Moreover, facial abnormalities,
OMIM 614261) is a severe monogenic disorder inherited in an  hypoplasia of distal phalanges and congenital heart defects are
autosomal recessive manner. The patients have progressive typical for a number of patients [1, 2].

microcephaly, deep mental retardation, early-onset drug- The syndrome is associated with the STAMBP gene
resistant epilepsy and cutaneous capillary malformations due  mutations The STAMBP protein is involved in the regulation
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of the ubiquitinated proteins’ endosomal sorting, as well
as in the trafficking them from endosomes to lysosomes.
Endosomal sorting is a highly dynamic process essential for
protein homeostasis regulation via receptor-mediated signal
transduction active regulation and autophagy [3]. Impaired
endosomal sorting leads to intracellular accumulation of
ubiquitinated proteins [4, 5]. Aggregated proteins cause the
brain cells damage [6]. Meanwhile, the elevated level of GTP
linked Ras protein (active form of Ras) has been revealed in
the cell lines of patients affected with the STAMBP gene
mutations, which indicates the involvement of the STAMBP
protein in the Ras-MAPK signal transduction pathway [1]. It is
known that capillary malformations are characteristic for various
RASopathies since the mutations in the genes involved in the
pathway are responsible for the congenital capillary formation
abnormalities [7].

Currently there are less than 20 patients known to have
MICCAP syndrome. Various types of the STAMBP gene
mutations in the homozygous or compound heterozygous state
have been identified in all patients [1, 8, 9]. Two patients with
MICCAP syndrome have been reported in Russia: a girl with
compound heterozygosity for the ¢.204-5C>G and c¢.273delA
variants [10], and a boy with homozygosity for the ¢.188A>G
(p.Tyr63Cys) variant of the STAMBP gene [11].

The study was aimed to present the results of clinical
examination and molecular genetic testing of three patients
with MICCAP syndrome belonging to two unrelated families.

Clinical cases

Samples of DNA of the patients from two unrelated families
(ST1 and ST5) and their relatives who referred to the Research
Centre for Medical Genetics for consultation were analysed.

The analysis of the STAMBP gene (NM_201647.3) was
carried out by automated Sanger sequencing with primers
flanking each of the exons of the gene. For the proband of
the ST5 family, the galactose-1-phosphate uridyl transferase
activity was evaluated. The search for frequent mutations
c.563A>G (p.GIn188Arg), ¢.855G>T (p.Lys285Asn) and
¢.940A>G (p.N314D) polymorphic Duarte variant in the GALT
gene (MIM 606999; RefSeq: NM_000155.3) was performed by
RFLP analysis.

The results of sequencing 1036 exomes (2072
chromosomes) of the unrelated patiens living in Russia affected
with various genetic disorders other than MICCAP were
used as the control. The sequencing was performed with the
llluminaNextSeq 500 Sequencing System (lllumina; USA) using
the llluminaTruSeq® ExomeKit (lllumina; USA), and IDT xGen®
(IDT; USA) for sample preparation.

Statistical analysis was carried out using the MS Excel 2016
application (Microsoft Corporation; USA).

Family ST1. The proband was an affected boy ST1.1,
born from the first pregnancy complicated by the lingering ARVI
during the 1%t trimester and the threatened miscarriage since the
beginning of the 2™ trimester. Intrauterine growth retardation was
diagnosed at 20 weeks of gestation. The delivery occurred at
38-39 weeks of gestation. The birth weight was 2540 g, the
birth length was 47 cm, the head circumference was 32 cm,
and the Apgar score was 8/9. The boy developed normally until
3-months old. At the age of 3 months the parents noted the first
convulsive seizure (myoclonus) followed by rapid psychomotor
regression.

MRI at the age of 4 months revealed the diffuse cortical
and subcortical atrophy of the cerebral hemispheres. The sleep
video-EEG monitoring revealed generalized, high-amplitude,

polymorphic slow-wave hypersynchronous activity with spike-
and-wave complexes. The predominance of spike-wave activity
in the parieto-occipital regions of brain hemispheres throughout
the time of investigation together with the recurrent pattern of
hypsarrhythmia amplitude decrease were registered.

On admission, at the age of 1 year 7 months the boy was
completely immobile, with vision and hearing loss, and he was
fed via gavage. The seizures’ duration and frequency dramatically
increased. The anticonvulsant therapy had completely no effect.
The boy’s height was 81 cm (50" percentile), the weight was 9.4 kg
(below the 3 percentile), and the head circumference was 43 cm
(below the 3 percentile). The patient had severe protein-energy
undernutrition, microcephaly and mild positional skull deformity,
multiple cutaneous hemangiomas over the buttocks, lumbar
region, right thigh and back, moderate hypertrichosis over the
forehead, bushy eyebrows and lashes (Fig. 1).

The child died at the age of 2.5 of the respiratory infection
septic complication.

The proband’s sibling was the affected boy ST1.4 born
from the second pregnancy. Ultrasonography at 28-30
weeks of gestation revealed mismatch between the fetal head
circumference and the gestational age. The boy was born in
time, the birth weight was 3100 g, the birth length was 51 cm,
and the head circumference was 32 cm. At the age of 2 months
the parents noted the first convulsive seizure. After that, multiple
seizures occurred daily. The paroxysmal events consisted of
sudden freezing and the upward rolling of the eyes. Until 2
months old the patient’s development was age-appropriate.
The bottle-fed infant experienced swallowing difficulties with
frequent choking on. The parents complained about frequent
squeaks, agitation with head bouncing associated with the
increase in blood pressure up to 130/70 mm Hg, myoclonus
of limbs even when falling asleep and sometimes during
sleep, frequent sudden freezing together with gaze freezing,
occasional salaam seizures, lack of eye contact. The patient
received valproic acid and vigabatrin as an anticonvulsant
therapy, against which the moderate positive changes
were observed. The infant was examined by neurogenetics
specialist at the age of 5 months. Phenotype: height 63 cm
(60-75" percentile), weight 6820 g (50" percentile), head
circumference 37 cm (below the 3™ percentile), microcephaly,
anterior fontanelle sized 2.5 x 2.5 cm, multiple cutaneous
hemangiomas 0.5-2 cm in diameter. On admission, the infant
failed to maintain gaze, fix eyes on objects and hold his head.
The muscle tone was diffuse and moderately decreased, the
reflexes were brisk. During the examination, paroxysmal events
were repeatedly observed consisting of sudden freezing and
upward rolling of the eyes. In addition, the infant’s pronounced
agitation, squeaks, myoclonus of limbs even during sleep and
episodes of sudden freezing were noticeable. The continuous
roving eye movements together with elements of horizontal and
rotational nystagmus were noted. The tongue in the oral cavity
was tense and raised up. The oral automatism reflexes were
brisk. The tendon reflexes were brisk, with ankle clonus. The
pronounced startle reflex was observed when touched. The
patient demonstrated a developmental delay in his psycho-
emotional sphere.

Based on the clinical picture characterized by specific
phenotypic manifestations (combination of microcephaly and
capillary abnormalities), and the existence of two affected
siblings, the patient was diagnosed with rare autosomal
recessive disorder, the MICCAP syndrome. Since in all
described patients the disease was caused by the STAMBP
gene mutations, a search for mutations in that gene was carried
out by automated Sanger sequencing.
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Fig. 1. Phenotype, pedigree and sequencing results for the ST1 family members. A. ST1 family pedigree. B. General appearance of patient ST1.1 at the age of 2.
C. General appearance of patient ST1.4 at the age of 5. D. Sanger sequencing chromatograms for patient ST1.1, patient ST1.4, father (ST1.2), mother (ST1.3) and

healthy sibling ST1.5 (proband is denoted by the arrow)

As a result, a STAMBP gene variant NM_201647.3:
c.188A>G (p.Tyr63Cys) in the homozygous state previously
described twice in patients with MICCAP syndrome was
identified [1, 11]. Both parents turned out to be heterozygous
carriers of the variant. According to the gnomAD database [12],
the described gene allele frequency was 0.0000637. In the
control group of exomes of Russian patients with various
genetic disorders the described variant was detected in
one chromosome of 2072, i. e. the frequency was 0.00048
(male patient born in 1973 diagnosed with hemophilia
A having a pathogenic variant in the F8 gene). In Russia,
the variant in the homozygous state was also reported in
patient with MICCAP syndrome [11]. Among all patients
with that syndrome known in Russia, the variant ¢.188A>G
was identified in four independent chromosomes of eight.
Thus, the prevalence of the variant in affected individuals
was significantly higher than in the control group. The odds
ratio (OR) calculated during the case-control study was 2071
(95% Cl: 187-22849).

The STAMBP gene has a low level of benign missense
variants, and the missense mutations are a common cause
of MICCAP syndrome. Thus, in accordance with the ACMG
criteria, the discribed variant has been recognized as likely
pathogenic (PS4, PM2, PP2, PP3, PP5) [13].

Two years after the birth of a second child the third
pregnancy occurred in the family. The parents applied for
prenatal diagnosis of the fetus at 11-12 weeks of gestation.
No changes in the STAMBP gene nucleotide sequence were
identified. The pregnancy ended in the birth of healthy girl.

Family ST5. The ST5 family applied to refine the daughter’s
diagnosis. The 3-week old girl was the fourth child born wihin
exogamous marriage of healthy parents. The family included
other three children (healthy boy and girl, and a son with
cerebral palsy, a pre-term baby born at 31 weeks of gestation).
The maternal half-sibling (brother) was healthy. The mother had
medical abortion and ectopic pregnancy in her history. The
pregnancy was complicated by anemia, rhinopharyngitis and
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influenza vaccination at 35 weeks of gestation. The delivery
occurred in time. The infant’s birth weight was 2910 g (10"
percentile), the birth length was 51 cm (50" percentile), the
head circumference was 30 cm (below the 3 percentile), and
the Apgar score was 8/8 (Fig. 2).

From birth, multiple flat roundish cutaneous hemangiomas
not raised above the skin surface were visible on the trunk
and limbs. After delivery, the infant was in moderately grave
condition due to central nervous system depression syndrome.
It was transferred to the intensive care unit for observation.
There was no need in the respiratory support. On the 5" day,
the hyperbilirubinemia increase was registered, as well as
cholestasis and cytosis (transaminase concentration increased
five times to normal; the peak level of aspartate aminotransferase
(AST) was 229 U/, the level of alanine aminotransferase (ALT)
reached 143 U/l). On the 10" day of life the patient required
a plasma transfusion due to coagulopathy. A complete blood
count revealed normal hemoglobin level and normal platelets
amount. Neurosonography on the 6" day of life revealed echo-
signs of subependymal pseudocyst on the left side. The heart
ultrasound revealed no heart defects, the atrial septal aneurysm
together with functioning foramen ovale were noted. The neonatal
screening center reported increased galactose level (the total
galactose level remained unknown). The activity of galactose-1-
phosphate uridylyltransferase (GALT) was analyzed. A significant
decrease in enzyme activity to 0.63 U/gHb was detected (normal
value 4.4-15 U/gHb), which made up 7% of normal value.

Phenotype: microcephalic skull, microgenia, long philtrum;
generalized multiple roundish “port-wine” stained cutaneous
hemangiomas on the belly, back, buttocks and limbs.
Hemangiomas faded slightly when pressed.

The study of frequent mutations NM_000155.3 in the
GALT gene was carried out using PCR-RFLP analysis. The
frequent pathogenic variants ¢.563A>G (p.GIn188Arg) and
€.855G>T (p.Lys285Asn) in heterozygous state were identified
[14]. The examination of parents revealed the trans-position of
the detected pathogenc variants (substitution c. 563A>G
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Fig. 2. Phenotype, pedigree and sequencing results for the ST5 family members. A. ST5 family pedigree. B. Patient’s general appearance at the age of 3 weeks.

C. Sanger sequencing chromatograms for proband, father and mother

(p.GIn188Arg) was inherited from mother, and c¢.855G>T
(p.Lys285Asn) was inherited from father).

The study of STAMBP gene identified variants ¢.204-
5C>G and ¢.668_669delCA in heterozygous state. The variant
NM_201647.3:c.204-5C>G (rs746354315) was previously
reported as likely pathogenic in Russian female patient with
MICCAP syndrome, in compound heterozygous state with
pathogenic variant ¢.273delA [10]. According to gene prediction
programs, the described variant affected splicing. According
to gnomAD database, the frequency of the variant was
0.00000399. In the control group of exomes of Russian patients
with various genetic disorders the variant was identified in one
chromosome of 2072, and the frequency of the variant was
0.00048 (in female patient born in 1980, being a mother of
proband diagnosed with expressive language delay). Among all
patients with MICCAP syndrome known in Russia, the variant
€.204-5C>G was identified in two independent chromosomes
of eight. Thus, the prevalence of the variant in affected
individuals was significantly higher than in the control group.
The odds ratio (OR) calculated during the case-control study
was 690 (95% Cl: 55-8672). According to the ACMG criteria,
the variant ¢.204-5C>G was pathogenic (PS4, PM2, PM3,
PP4, PP5) [13]. The variant NM_201647.3:¢c.668_669delCA
was responsible for frameshift and formation of premature
termination codon p.Thr223AsnfsTer6. The described
deletion had not been reported previously in patients with
MICCAP syndrome. The variant was not registered in the
gnomAD database and in the control group of the Russian
patients’ exomes. The study of relatives revealed the variant
€.204-5C>G in heterozygous state in patient’s parents and
sibling. The variant ¢.668_669delCA was not detected in
proband’s parents and sibling. Maternity and paternity were
established using the microsatellite markers. According to the
ACMG criteria, the variant was pathogenic (PVS1, PS2, PM2,
PP4) [13].

The family decided not to pursue further the study in order
to define the cis-trans position of variants at the RNA level due
to the nontransportable infant’s severe grave condition and lack
of plans for further reproduction.

Heterozygous variants at exons and splicing sites of the
STAMBP gene, the allele frequency of which was lower than
1% in the gnomAD database, were selected in 1036 exomes
of Russian patients. The variants’ pathogenicity was assessed
in accordance with the ACMG criteria using the VarSome
application [15] (Table 1).

The carrier frequency was estimated and the prevalence of
MICCAP syndrome in the Russian Federation was calculated
based on the frequencies of pathogenic (PAT) and likely
pathogenic (LPAT) variants of the STAMBP gene (see Table 1,
denoted with bold). In the exomes of residents of the Russian
Federation the pathogenic and likely pathogenic STAMBP gene
variants in heterozygous state were detected in 6 people of
1,036. According to data received, STAMBP gene mutations
carrier frequency was one per 173 people (1/126-1/299). Thus,
the prevalence of the disorder in the Russian Federation is likely
to be one per 120,000 (Cl: 1/356 724-1/62 691).

The phenotype of proband ST5.1 was caused by
combination of two autosomal recessive genetic disorders:
galactosemia and MICCAP syndrome. Severe grave condition
during the neonatal period (cytosis, cholestasis, coagulopathy)
was due to metabolic disorders associated with the GALT gene
mutations. The STAMBP gene mutations were responsible for
microcephaly, capillary malformations, and low birth weight.
The galactosemia manifestations were adjusted in the first year
of life. However, overlaying seizures and severe central nervous
system damage due to MICCAP syndrome made the patient’s
prognosis unfavorable.

The main clinical data of patients are presented in Table 2. The
clinical manifestations of the syndrome in all examined patients
were quite typical: all patients had congenital microcephaly and
multiple cutaneous capillary malformations which not shrinked
but increased with the infants’ growth. During infancy, epilepsy
with polymorphic seizures debuted resistant to anticonvulsant
therapy. All examined infants had profound psychomotor
development delay and neurological deficit. One of the patients
had hypoplastic phalanges of fingers and nails, and the siblings
of the ST1 family had myoclonus of limbs and roving eye
movements. Severe central nervous system damage is typical
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Table 1. STAMBP gene variants found in the exomes of residents of the Russian Federation

CLINICAL CASE | MEDICAL GENETICS

Variant Number of chromosomes Allele frequency (2072 Pathogenicity

Position (GRCh37/hg19) Effect with variants chromosomes) ACMG [13]
chr2-74058017-G-A c.34G>A p.Glui12Lys 1 0.00048 PM1 ,\Ing\J/ISQ,PP2)
chr2-74058041-C-A c.58C>A p.GIn20Lys 0.00048 (PM1 ,Pl\)I/2U,|§P2,BP4)
chr2-74058095-C-A c.112C>A p.Arg38Ser 0.00048 PM1 ,PM2,I!’_I\F/,IS,PP2,PP3)
chr2-74058143-G-T c.160G>T p.Gly54Cys 0.00048 (PM1 ,PM;?PP2,PP3)
chr2-74058171-A-G c.188A>G, p.Tyr63Cys 0.00048 (PS4,PM2,PL:2, PP3,PP5)
chr2-74071935-C-G c.204-5C>G 0.00048 (PS4,PM2,§':/I1.:3,PP4,PP5)
chr2-74072291-C-A c.280-3C>A 0.00048 (PN\I/2L,J§P4)
hr2-74072359-C-A c.345C>A p.Thr115Thr 0.00048 (PI\X2L,J§P7)
chr2-74074592-C-T c.454C>T p.GIn152* 0.00096 (PVS1 l:’?;er,PPS)
chr2-74074722-C-T ¢.584C>T p.Pro195Leu 0.00048 (PM2,\I/:’[:’2,BP4)
chr2-74074796-G-A €.658G>A p.Asp220Asn 0.00096 (PMZ,\IC’L;’E,BPM
chr2-74074815-G-A c.677G>A p.Arg226Lys 0.00048 (PM2,\IQLI§’2,BP4)
chr2-74076511-G-A c.764G>A p.Arg255His 0.0024 (PPZ,\Ii‘LIiS,BPM
chr2-74076532-G-T c.785G>T p.Arg262Leu 0.00048 (PMZ,\;L;’?PPS)
chr2-74076576-C-A ¢.829C>A p.Arg277Arg 0.00048 (PI\X2L{|§P7)
chr2-74077551-G-A c.916G>A p.Ala306Thr 0.00048 (PMZ,\I/:’%E,BPM
chr2-74086389-C-A ¢.1014C>A p.Pro338Pro 0.00048 (PI\XZL,JSPY)

for MICCAP syndrome, the patients often die early due to septic
complications (like the elder affected boy of the family ST1).

Discussion

The currently existing literature data make it possible to define
the “core” of the syndrome: microcephaly, intractable neonatal
seizures, profound psychomotor development delay and the
unique manifestation, the randomly arranged multiple red spots
which do not shrink with age. The examined patients had all
the listed signs. According to literature data, the infants with
MICCAP syndrome may have dysmorphic facial features: low
anterior hairline, sloping forehead, epicanthus, ptosis, low-set
ears, micrognathia, short nose. The examined patients also
had some facial abnormalities: these were low anterior hairline
in proband ST1.1, microgenia and long philtrum in patient
ST5.1. Many authors report brachydactyly and nail hypoplasia.
However, the digital features (shortening) of hands and feet
were present only in the girl of the family ST5.1. On the contrary,
myoclonus of limbs together with rowing eye movements were
observed in patients of the famly ST1 and abscent in the family
ST5.1 [7-11]. Thus, the presence and severity of phenotype
features in various patients (except for microcephaly and spots
on the skin) may be variable and probably depend on the genotype.

The combination of two genetic disorders in patient ST5.1
is a rare case. Such combination is particularly difficult in
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newborns, when there is a need for quick decision making in
order to save the life and stabilize the patient. According to
estimates, the prevalence of galactosemia in Russia in from
1:60,000 to 1: 70,000 newborns, and the predicted MICCAP
syndrome prevalence is even lower, 1 per 120,000 [16, 17].
The probability of two rare genetic disorders in one patient
is extremely low. However, the reported case demonstrates
that such combination may occur, and therefore should be
considered when defining tactics of treatment, family planning
and genetic counseling of families.

CONCLUSION

MICCAP syndrome is a rare genetic disorder. Currently less than
20 patients in the world have been reported to have MICCAP.
Congenital microcephalies are the large heterogenous group of
genetic disorders. However, the specific clinical symptom, the
presence of multiple capillary malformations, makes it possible
to suspect a particular disorder associated with mutations of
the STAMBP gene. The study of the gene allows one to quickly
find the molecular genetic cause of the disorder.

The reported case of galactosemia and MICCAP syndrome
combination in one patient demonstrates that despite the low
probability of two rare genetic disorders in one individual the
described variant should be considered when defining the
tactics of diagnosis and therapy for each particular family.



KNVMHWYECK CNYYAI | MEOVLHCKAS TEHETUKA

Table 2. Comparison of patients with MICCAP syndrome

Trait ST1.1 ST1.4 ST5.1
STAMBP genotype ¢.[188A>G]; [188A>G] (p.Tyr63Cys) | c.[188A>G]; [188A>G] (p.Tyr63Cys) c.[204-5¢c>g(;) 668_669delCA]
Gender M M f
Age of onset 3 months 2 months 6 months
Congenital microcephaly + + +
Birth head circumference < 4" percentile < 4" percentile < 3" percentile
Head circumference upon admission < 34 percentile < 34 percentile < 34 percentile
Capillary malformations + + +
Small for gestational age + - +
Early-onset resistant seizures + + +
Myoclonus + + -
Hypoplastic phalanges - - +
Profound developmental delay + + +
Additional information Died at the age of 2.5 ng‘ggﬁfgz %Aézﬂ

In one of the reported patients, the new nucleotide
sequence variant was identified, which had not been
described before in the literature and databases. That makes
it possible to expand knowledge of the MICCAP syndrome
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DIAGNOSTIC SIGNIFICANCE OF LACTOBACILLUS SPP. IDENTIFICATION IN EJACULATE
Pochernikov DG'®, Postovoytenko NT', Getman VV!, Galkina 1S

" lvanovo State Medical Academy, Ivanovo, Russia
2 Federal Research Institute for Health Organization and Informatics, Moscow, Russia

Popularization of the real-time polymerase chain reaction method (RT-PCR), which is a trend of the recent years, allowed to significantly expand of the range
of microorganisms that can be detected in the genitourinary tract of men. Moreover, the available picture of the microbiome's bacterial component structure
became more detailed. Lactobacillus spp. remains one of the least studied groups of microorganisms. Treating patients with reproductive disorders, the authors
have accumulated clinical experience demonstrating the possible relationship between presence of Lactobacillus spp. in the ejaculate and changes in the level
of sex hormones and the key values registered with a spermogram. This study aimed to compare the levels of luteinizing hormone, follicle-stimulating hormone,
testosterone, estradiol, prolactin, progesterone, and sex hormone binding globulin (SHBG) in blood serum and changes in spermogram values in 210 men with and
without Lactobacillus spp. detected in their ejaculate. The treatment group included 105 men whose ejaculate had Lactobacillus spp. in the amount of (Lg) = 10°,
as detected by RT-PCR. The control group included 105 men whose ejaculate did not have Lactobacillus spp. detected; the microbiome's bacterial component
structure of their ejaculate was normal. Compared to the control group, treatment group had hormonal disorders registered more often: abnormal levels of three
or more hormones (p = 0.04), hyperestradiolemia (o = 0.05), increased level of SHBG (p = 0.01). It was established that the presence of Lactobacillus spp. in the
ejaculate of treatment group participants is associated with oligoastenoteratozoospermia (p < 0.01), decreased concentration of spermatozoa (p = 0.01), their
decreased motility (p < 0.01) morphology abnormalities (p < 0.01). Thus, the presence of Lactobacillus spp. in the ejaculate can be interpreted as an additional
marker of hormonal imbalance and fertility dysfunction in men.

Keywords: Lactobacillus spp., lactobacilli, ejaculate, male infertility, ejaculate microflora, Androflor, pathospermia, oligoastenoteratozoospermia, hyperestradiolemia,
hyperprosterolemia
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OUNATHOCTUYECKAA SHAHNMOCTbDL BbIABJIEHUA LACTOBACILLUS SPP. B 9AKYINATE
0. T. Mo4vepHrkos' =, H. T. MocTtoBoiTeHko!, B. B. letbman!, W. C. MankuHa?

" IBaHOBCKasi rocyaapcTBeHHas MeavUmMHeKkas akagemus, isaHoBo, Poccuist
2 LleHTpanbHbI Hay4YHO-MCCNeA0BaTENbCKNA MHCTUTYT OpraHmn3aumy 1 nHhopmMaT3aummn 3apaBooxpaHeHs, Mocksea, Poccuist

B nocnegHne rogbl 6narogapst BHEAPEHUIO MeTofa MonMMepasHon LienHol peakummn B peanbHoM Bpemern (MLIP-PB) 3HauntensHO pactumpuncst crnexkTp
MVKPOOPraH3MOB, BbISIBAISIEMbIX B MOYEMOSIOBOM TRAKTE MY>XHWH, AETaNM3MPOBaHO NMPeacTaBfeHne O CTPYKType HakTepuasibHbIX KOMMOHEHTOB MUKPOOOMA.
OpHoM 13 HaMMeHee N3y4eHHbIX rPynn MUKPOOPraHNM3MoB ocTaeTcs Lactobacillus spp. Ipyn BeAeHWN NaLNeHTOB C PENPOAYKTUBHLIMI HAPYLLIEHUSIMIA aBTOpaMM
HaKOMNEH KMHUHYECKIIA OMbIT, AEMOHCTPUPYIOLLMIA BOSMOXKHYHO B3aUMOCBSA3b N3MEHEHNS YPOBHS MOSIOBbIX FOPMOHOB 1 OCHOBHbIX MOKasaTener crepmMorpaMmbl
C Hanndvem Lactobacillus spp. B askynate. Llenbto paboTbl 6bIN0 CpaBHUTL YPOBHW IIOTEVHMSMPYIOLLErO FOPMOHA, (DONNKYNIOCTUMYNMPYHOLLIErO FOPMOHA,
TECTOCTepOHa, 3CTPaaAMona, NponakTHa, NPorecTepoHa, a Takxe robynmHa, CBA3biBatoLLLEro nososble ropmoHsl (TCIM), B CbIBOPOTKE KPOBU 1 M3MEHEHUS
rokaaarenei cnepMorpammbl y 210 My>kK4vH NpuW BbISBAEHUW B asKynsATe Lactobacillus spp. v npu ux oTcyTcTBUM. B OCHOBHYIO rpynny Obiin BKIOYeHb! 105
MY>KHWH, B 95IKyNSTe KOTOPbIX Mo AaHHbIM TMLP-PB BbiseneHbl Lactobacillus spp. B konudectse (Lg) = 10°. KoHTponeHas rpynna Bkiodana 105 MyxunH, y
KOTOpbIX OTCyTCTBOBaNu Lactobacillus spp. v CTPyKTypa 6akTepuarnbHOro KOMMoHeHTa MUKPOOoMa 3sikysiTa cCoOOTBETCTBOBaNla HopMe. B OCHOBHOW rpynne
MO CPaBHEHNIO C KOHTPOSIBHON Y MY>XXYMH Hallle BCTPEeHaCb FOPMOHabHbIE HaPYLLEHWS: OTKIIOHEHME OT HOPMbl YPOBHEN Tpex 1 6onee ropMoHoB (p = 0,04),
rmnepacTtpagnonemus (p = 0,05) 1 nosbiwerve yposHs IFCIT™ (p = 0,01). YcTtaHoBneHo, 4To Hanu4ne Lactobacillus spp. B aKynsaTe My>KHMH OCHOBHOW Mpynbl
accouMmMpoBaHo C onuroacteHoTepatosoocnepmren (o < 0,01), CO CHMKEHEM KOHLIeHTpaummn cnepmatodongos (o = 0,01), ¢ yxyaweHnem 1nx NoasmXHOCTA
(o < 0,01) n HapyLeHnem Mopdonorun (p < 0,01). Takum 06pa3oM, NPUCYTCTBME B askynaTe Lactobacillus spp. MOXET Cny>XuTb AOMONHUTENBbHBIM MapKepoM
HapyLLEHWS1 FOPMOHaUTBHOMO (hoHa 11 (hEPTUNIBHOCTU Y MY>KHUH.

KntoueBble cnoBa: Lactobacillus spp., naktobakTepuu, asKynsaT, My>KCkoe 6ecrnnoame, Mukpodiopa askynsaTa, «<AHAPodIop», NaTocnepmus,
ONIUroacTeHOTEPAaTO300CNEPMUS, MMNEPACTPALNONEMUS, TUNEPNPOreCTEPOHEMIS

Bknag astopoB: [. I [0o4YepHVKOB — MnaHMpOBaHMe MCCNefoBaHns, aHanmna nMTepaTypbl, VHTEPnpeTauis v aHammad [aHHbIX, MOAroTOBKa HYepHOBMKA
pyKonmcHy, NOAroToBKa (hmHabHOro BapuaHTa craTbi; H. T. [oCTOBOWTEHKO — aHanma nutepatypbl, c6op, aHanma 1 MHTeprnpeTaumus AaHHbIX, NOAroToBKa
YepHOBYIKa PYKOMMCH, NOArOTOBKA (hHAILHOTO BapvaHTa cTaTbu; B. B. TeTbMaH — c60op, aHanma 1 MHTeprpeTauyis AaHHbIX, MOAroToBKa YepHOBMKA PYKOMCH;
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Currently, there is no consensus among the researchers as
to what is the normal composition of men's urogenital tract
microflora [1]. Clinical recommendations of the recent years
suggest performing only the cultural analysis of the ejaculate
of infertile men or preconception patients [2-4]. However, this
method does not fully uncover the specifics of a man's urogenital
microbiota: it does not allow identification of uncultivated
microorganisms, €. g., obligate anaerobic and some facultative
anaerobic ones, including lactobacilli [5, 7-10]. According
to the leading European and Russian urologists, prostatitis
diagnostics should include a two-glass test, ejaculate bacterial
examination and additional RT PCR examination thereof [3,
5, 7-10]. In the recent years, popularization of the advanced
diagnostic methods allowed to significantly expand the range
of microorganisms detected in the urogenital tract of men and
women [1, 8, 11-13]. In our opinion, one of the promising
methods is RT-PCR performed with the Androflor testing kit
for men; the method allows uncovering both the qualitative
and the quantitative composition of the ejaculate microbiota,
including lactobacilli [5, 7, 9, 10, 14-19].

Among the published papers, there are but a few
publications addressing the occurrence of lactobacilli in various
biotopes of the genitourinary tract of men. According to several
researchers [16, 19, 20], Lactobacillus spp. is one of the most
common genus of microorganisms found both in healthy men
and those with urethritis or prostatitis; the bacteria are identified
by the bacteriological method [21], 16S rRNA sequencing [6,
20] and RT-PCR [5, 8, 14, 16, 19]. Thus, Lactobacillus spp.
bacteria were detected in 9-73.3% of samples of ejaculate of
infertile men and those examined as part of a preconception
course [5, 6, 8, 16]. One study reported registering a statistically
significant correlation between the presence of lactobacilli in the
urethra and hormonal disruptors in the seminal fluid of infertile
men, which is especially interesting [19].

Some papers highlight the link between the presence of
lactobacilli in the ejaculate and normal characteristics of the
semen as registered by a spermogram. The research showed
that normal sperm morphology can coexist with an increased
relative content of Lactobacillus spp. in semen samples [22].
Moreover, there was detected a positive correlation between
the presence of lactobacilli in semen and normal sperm
characteristics [23].

The least studied to date are Lactobacillus spp. bacteria
taken from men who observed the biomaterial donation rules,
i.e. abstained sexually or used barrier contraception to reduce
the risk of receiving lactobacili from a vagina. According
to a number of researchers, in most cases, Lactobacillus
spp. are transient microflora of a man's genitourinary tract
[7, 10, 14, 17]. Lactobacilli can play the part of a probable
microbial agent that promotes emergence and persistence

Table 1. Level of the hormones studied in the two compared groups
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of a chronic inflammation of the prostate gland [24]. In the
recent years, the role of hormonal changes, in particular, the
effect of testosterone levels on bacterial contamination of the
prostate gland secretion, has been discussed increasingly
often [25, 26]. However, analyzing the literature available to us
we failed to discover data pointing to the correlation between
the key fertility hormones — estradiol, prolactin, progesterone,
and SHBG, traditionally examined in men with reproductive
disorders [2—-4], — with infectious agents identified in prostate
secretions or ejaculate.

Results of a pilot study translated into a patent for an
invention we obtained [27]. The essence of the discovery
is that the presence of Lactobacillus spp. in the ejaculate
with the bacterial titer of (Ig) > 10° can be interpreted as an
additional marker of hormonal disorders and thus call for further
extended examination of the man. The subject of this research
is extremely relevant since there is no data describing the effect
high content of lactobacilli has on the men's sperm fertility. This
study aimed to compare the levels of LH, FSH, testosterone,
estradiol, prolactin, progesterone, SHBG in serum and the
key sperm property indicators in men with Lactobacillus spp.
detected and not.

METHODS

The comparative prospective study lasted from November
2016 to July 2019 and included 210 men that visited
urological clinic of the lvanovo State Medical Academy seeking
treatment for infertility, preconception course and/or having a
concomitant erectile dysfunction. The inclusion criteria were:
male, reproductive age; infertility or preconception preparation
course; no hormonal and antibacterial drugs, as well as any
other medicines, taken within the last 4 weeks. The exclusion
criteria were: hypogonadotropic and hypergonadotropic
hypogonadism, diabetes mellitus, hypo- and hyperthyroidism;
sexually transmitted infections and clinical manifestations of
prostatitis, such as pain and dysuria; karyotype abnormalities,
CFTR gene mutations, microdeletions in the AZF locus of Y
chromosome.

All men had their ejaculate examined with the help of the
Androflor testing kit (RT-PCR); their serum was examined
to determine the levels of luteinizing hormone (LH), follicle-
stimulating hormone (FSH), total testosterone, estradiol,
prolactin, progesterone, and sex hormone binding globulins
(SHBG), free androgen index (FAl), testosterone to estradiol ratio
(TER), which are typically checked during examination of infertile
men or men undergoing a preconception course [2, 3]. Blood
samples for the hormone concentration study were taken in
the morning, from 8 to 10 am; the patients had to abstain
from eating any food before sample taking. They were also not

Hormone in serum hormone Reference values Group with Lactobacillus spp. Group without Lactobacillus P
(n=105), mean + STD spp (n=105), mean + STD

LH, mIU/ml 1-12 51+21 44+20 0.09
FSH, miu/ml 0.9-12 52+25 45+27 0.1
Prolactin, ng/ml 4-15 141 +7.8 12.8+59 0.3
Progesterone, ng/ml 0.05-0.15 0.23 +0.14 0.25 +0.17 0.3
Estradiol, pg/ml 11-43 26.5+13.5 234 +9.9 0.04
Testosterone ng/ml 3.5-9 53+2.6 51+25 0.2
SHBG, nmol/I 18-54 41.1£23.2 35.8+20.7 0.08
FAl, % 15-102 51.6 +23.3 51.3+27.6 0.5
T/E, ratio 83 and above 232.8 +134.4 252 + 1571 0.2
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[l Change in the level of one hormone

M Change in the level of more than one hormone

Within reference values

Fig. 1. Hormonal changes in the group with Lactobacillus spp., n = 105

supposed to have sexual intercourses for 24 hours before the
procedure.

All men were divided into two groups, randomized by
age, body mass index, alcohol intake and smoking status,
complaints, established diagnosis and serum testosterone
level (in order to exclude its influence on the bacterial content
of the ejaculate) [25, 26]. The treatment group included 105
men whose ejaculate had Lactobacillus spp., titer of (Lg) = 10°,
as detected by RT-PCR. The control group included 105 men
whose ejaculate did not have Lactobacillus spp. detected; the
microbiome's bacterial component structure of their ejaculate
was normal, as registered with the Androflor testing kit. The
average age of the treatment group patients was 35.5 + 8.1
years, that of the control group patients 35.8 + 8.3 (p > 0.05).
Before biomaterial sample collection, all patients urinated,
thoroughly cleaned their external genitalia (without antiseptics),
and masturbated to deliver the ejaculate samples into sterile
polymer containers. The containers were delivered to the
laboratory within one hour from collection or less.

For RT-PCR examination, we used the DT-96 detection
amplifier (DNK-Tekhnologiya; Russia) [28] and the Androflor
testing kit (medical product registration certificate RZN
2016/4490 of 07.25.2016). For the hormone concentration
study we took 5 ml of venous blood from each participant.

[l Change in the level of one hormone

M Change in the level of more than one hormone

Within reference values

Fig. 2. Hormonal changes in the group without Lactobacillus spp., n = 105
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[l Change in the level of four hormones

The samples were collected from 8 am to 10 am under aseptic
conditions, the blood put into 5 ml tubes. After coagulation, the
liquid part was transferred to clean sterile tubes, centrifuged
in a laboratory centrifuge for 10 min at 1500 rpm, then the
supernatant was transferred to disposable plastic Eppendorf
tubes. Hormone concentration was determined with the
help of Roche Cobas 8000 602 analytical system (Roche
Diagnostics; Sweden). Table 1 contains reference levels of the
hormones studied. Ejaculate samples were studied with the
help of the SQA-V analyzer (Medical Electronic System Ltd.;
Israel). The amount of leukocytes in semen was determined by
staining smears with Leukodif 200 dyes (Erba Lachema; Czech
Repubilic); assessing the quantitative and qualitative indicators,
we relied on the normal values approved by WHO (2010) [29].
Microsoft Excel 2013 and Statistica 12.0 (Stat Soft Inc.; USA)
software packages enabled statistical analysis. Wilcoxon and
Fisher tests were applied to determine reliability of the data
obtained; the differences were considered significant at p < 0.05.

RESULTS
Nine (8.5%) patients of the treatment group (with Lactobacillus

spp. detected) had the levels of all studied hormones
corresponding to the reference values. In the control group, the

\
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[l Change in the level of three hormones
Change in the level of two hormones

[l Change in the level of four hormones
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[ | Group of men with Lactobacillus spp., n =105
Fig. 3. Changes in the hormones studied, two compared groups

number of such patients was 6 (5.7%) (p > 0.05). Combined
hormonal disorders were more common in the treatment group
(560.5% versus 42.9%; p > 0.05) than in the control group (Fig. 1
and 2, respectively). Men with lactobacilli had more pronounced
hormonal disturbances in the form of deviations from the
normal levels of three or more hormones, the difference with
the values registered in the control group significant (p = 0.04).

Table 1 contains the average hormone levels registered
in the two groups. The group with Lactobacillus spp. had
their average level of estradiol significantly different from that
registered in the control group. Treatment group patients were
also likely to have increased levels of prolactin and SHBG.
Higher SHBG level and hyperestradiolemia were discovered
in the treatment group more often (23.8% versus 11.4% at
p = 0.01 and 10.5% versus 3.8% at p = 0.05, respectively),
the difference with the corresponding values registered in
the control group significant. As for the remaining hormones
studied, there were no statistically significant differences
revealed in their concentrations, however, the group with
lactobacilli had a higher incidence of hyperprolactinemia
(Fig. 3).

Compared to the control group, patients of the treatment
group had their ejaculate samples more saturated with
bacteria, the content measured as the total bacterial load
(10*5=06 versus 10*2+°9, respectively, p < 0.01).

The results of RT-PCR examination (Fig. 4) show that the
majority of identifiable microorganisms were registered in
the treatment group more often than in the patients that had
no lactobacilli detected. The difference in the incidence was
significant (o < 0.05).

48.6

32.4

18.1

19.0
10.5

. Group of men with Lactobacillus spp., n= 105

Hyperprolactin

67.6 74.3

Hyperprogesteron

Hyper SHBG

[ | Group of men with normal flora, n =105

The results of the spermiological study (Fig. 5.) revealed that
the more common types of disorder in the treatment group was
oligoastenoteratozoospermia (30.0% versus 9.3%; p < 0.01)
and asthenoteratozoospermia (28.8% versus 20.0%; p = 0.1).
In the control group, the disorders diagnosed significantly more
often were normozoospermia (42.7% versus 25.0%; p = 0.01)
and isolated teratozoospermia (20.0% versus 7.5%; p = 0.01).
Asymptomatic leukospermia was twice as common in the
control group as in the treatment group (26.7% versus 13.8%;
p = 0.03). The analysis of the key spermogram indicators (Table 2)
showed that in the treatment group the motility, morphology
of spermatozoids, as well as sperm concentration, were
significantly worse compared to the control group.

DISCUSSION

There is an opinion that lactobacilli in men can only exist as
transient flora. However, as registered in the clinical practice,
some patients had Lactobacillus spp. in their ejaculate and
reported over a month of sexual abstinence or strict use of
barrier contraception, which minimizes the chance that such
bacteria are transient in them. This research, in contrast
with the pilot study [27], proved the hypothesis about the
association between hyperestradiolemia and appearance of
Lactobacillus spp. in the ejaculate. In the treatment group,
leukospermia was a less common diagnosis than in the control
group, which is probably related to the higher incidence of
prostate acinus obstruction or fibrosis cases [30]. We found
the ejaculate samples of the treatment group patients to
be greatly contaminated with bacteria compared to those

45.7

35.2 356.2

. Group of men with normal flora, n= 105

Fig. 4. The frequency of occurrence of microorganisms in the ejaculate as detected by RT-PCR, two compared groups
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Fig. 5. Changes in spermogram values, two compared groups

of the control group (o < 0.05), which can be explained by
hyperestradiolemia, increased levels of SHBG and prolactin,
since the latter dampen biological activity of testosterone.
One of the SHBG growth mechanisms is associated with
an increased level of estradiol in blood; it often is a signal
of "latent hyperestradiolemia", the latency here meaning the
indicators remain within the reference range. The increased
level of lactobacilli can be considered as a protective-
compensatory mechanism triggered to maintain normal
ejaculate microbiome and prevent genital tract invasion with
opportunistic pathogenic microorganisms [6, 21, 23].

In our opinion, subject to strict adherence to the rules
of preparation for RT-PCR ejaculate examination, including
sexual abstinence or barrier contraception for at least
three days, the detection of Lactobacillus spp. in the titer of
Lg = 10® can be regarded as an additional reason to investigate

Table 2. The studied spermogram values in the two compared groups

M Control group, n=75

the concentrations of estradiol, prolactin, progesterone
and SHBG.

The analysis of the data obtained does not allow deriving
whether the lactobacilli play a negative or a positive role; this
may be subject of further research that, employing RT-PCR, will
establish the amount of Lactobacillus spp. and determine the
type of this group of microorganisms.

CONCLUSIONS

Thus, Lactobacillus spp. bacteria are more likely to be found in
the ejaculate of men with hyperestradiolemia and more severe
combined abnormalities as detected by the spermogram.
Detection of Lactobacillus spp. in semen can be an additional
marker of hormonal imbalance in men, even with the
spermogram values being normal.

Spermogram value Group with Lactobacillus spp. Group without Lactobacillus spp. o
(n=80), mean + STD (n=75), mean = STD
Spermatozoa concentration, min/ml 52.6 + 44.8 70.1 + 48.2 0.03
Zj';‘zfj‘f;:’”;mber of spermatozoa in the 167.1 = 167.3 221.6 + 169.4 0.01
Progressively motile spermatozoa (PR), % 25.4 +23.7 40.4 + 23.7 <0.01
Non-progressively motile spermatozoa, (NP), % 11.3+94 12.3+9.7 0.2
Immobile spermatozoa, (IM), % 61.2+27.8 46.8 + 23.5 < 0.01
Normal forms, % 2421 3.6+27 < 0.01

References

1. Chaplin AV, Rebrikov DV, Boldyreva MN. The human microbiome.
Bulletin of RSMU. 2017; (2): 5-13. DOI: 10.24075/brsmu.2017-02-01.

2. Jungwirth JA, Diemer T, Kopa Z, et. al. EAU guidelines on male
infertility © European Association of Urology. Available from:
https://uroweb.org/wp-content/uploads/EAU-Guidelines-on-
Male-Infertility-2019.pdf (Accessed May 2, 2019).

3. Shhepleva PA, redaktor. Andrologija dlja urologov. M.: Medforum-
Al'fa, 2019; 424 s. Russia.

4. Aljaev YuG, Glybochko PV, Pushkar DYu, redaktory. Urologija:
Rossijskie klinicheskie rekomendacii. M.: Medforum, 2018; 544 s.
Russia.

5. Pochernikov DG, Vitvickaja YuG, Boldyreva MN, Galkina IS.
Informativnost' biomateriala dlja issledovanija mikrobioty
urogenital'nogo trakta muzhchin metodom PCR-RV (pilotnoe

issledovanie). Jeksperimental'naja i klinicheckaja urologija. 2019;
2:128-32. DOI: 10.29188/2222-8543-2019-11-2-128-132. Russia.

6. Monteiro C, Marques PI, Cavadas B, et al. Characterization of
microbiota in male infertility cases uncovers differences in seminal
hyperviscosity and oligoasthenoteratozoospermia possibly
correlated with increased prevalence of infectious bacteria. Am J
Reprod Immunol. 2018; 79 (6): €12838. DOI: 10.1111/aji.12838.

7. Voroshilina ES, Zornikov DL, Panacheva EA. Evaluation of
the ejaculate microbiota by real-time PCR and culture-based
technique. Bulletin of RSMU. 2019; 1: 41-6. DOI: 10.24075/
vrgmu.2019.009.

8. St3epetovaJ, Baranova J, Simm J, et al. The complex microbiome
from native semen to embryo culture environment in human in
vitro fertilization procedure. Reprod Biol Endocrinol. 2020; 18 (1):

BULLETIN OF RSMU | 3, 2020 | VESTNIKRGMU.RU



OPUIMMHAJIBHOE NCCJIEQOBAHNE | YPOOI NA

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

3. DOI: 10.1186/s12958-019-0562-z.

Rakhmatulina MR, Galkina IS. Quantitative PCR in diagnosing
infectious urogenital pathology. Bulletin of RSMU. 2019; 6: 107-
10. DOI: 10.24075/vrgmu.2019.088.

Borovec SYu. Diagnosticheskaja znachimost' issledovanija mikroflory
jejakuljata u bol'nyh hronicheskim bakterial'nym prostatitom metodom
PCR-RT «Androflor». V sbornike: Materialy 5-j nauchno-prakticheskoj
konferencii urologov Severo-Zapadnogo federal'nogo okruga RF;
Sankt-Peterburg, 2019. Urologicheskie vedomosti. 2019; 9: 22-23.
Russia.

Hou D, Zhou X, Zhong X, Settles ML, Herring J, Wang L, et al.
Microbiota of the seminal fluid from healthy and infertile men. Fertil Steril.
2013 Nov; 100 (5): 1261-9. DOI: 10.1016/j.fertnstert.2013.07.1991.
Tomaiuolo R, Veneruso |, Cariati F, D'Argenio V. Microbiota
and Human Reproduction: The Case of Male Infertility. High
Throughput. 2020 Apr 13; 9 (2): pii E10. DOI: 10.3390/ht9020010.
Altmée S, Franasiak JM, Mandar R. The seminal microbiome in
health and disease. Nat Rev Urol. 2019 Dec; 16 (12): 703-21.
DOI:10.1038/s41585-019-0250-y.

Rakhmatulina MR, Boldyreva MN, Lipova EV, Chekmarev AS,
Galkina 1S. Ocenka mikrobioty soskoba uretry u muzhchin s
infekcijami, peredavaemymi polovym putem. Urologija. 2019; 6:
31-37. Russia.

Lipova EV, Chekmarev AS, Boldyreva MN. Novyj metod
diagnostiki infekcionno-vospalitel'nyh  zabolevanij nizhnih
otdelov mochepolovogo trakta u muzhchin (test Androflor®,
Androflor®Skrin). M., 2017; 48 s. Russia.

Pochernikov DG, Galkina IS, Postovoytenko NT, Gerasimov AM.
A comparative analysis of seminal and vaginal microbiota of
married couples by real-time PCR with Androflor and Femoflor
reagent kits. Bulletin of RSMU. 2017; 2: 34-39. DOI: 10.24075/
brsmu.2017-02-05.

Baranova EE, Bateneva El, Galkina IS, Donnikov AE, Zorina VWV,
Tumbinskaja LV, i dr. PCR v real'nom vremeni: novye vozmozhnosti
tehnologii v reshenii reproduktivnyh problem: uchebnoe posobie.
M.: DNK-Tehnologija, 2013; 63 s. Russia.

Tapilskaja NI, Shahova MA. Pregravidarnaja podgotovka
supruzheskoj pary s uchastiem oboih partnerov pri chastyh
recidivah bakterial'nogo vaginoza. Lechashhij vrach. 2018; 2: 82—
87. Russia.

Chigrinec SV, Brjuhin GV. Svjaz' mikrobioty uretry s kachestvom
jejakuliata i soderzhaniem jendokrinnyh disraptorov v semennoj
zhidkosti u muzhchin. Andrologija i genital'naja hirurgija. 2018; 19
(4): 60-66. DOI: 10.17650/2070-9781-2018-19-4-60-66. Russia.

JNutepatypa

1.

YannuH A. B., Pebpukos . B., Bongbipesa M. H. Mukpobrom
dyenoseka. BecTHuk PIMY. 2017; (2): 5-13. DOI: 10.24075/
brsmu.2017-02-01.

Jungwirth JA, Diemer T, Kopa Z, et. al. EAU guidelines on male
infertility © European Association of Urology. Available from:
https://uroweb.org/wp-content/uploads/EAU-Guidelines-on-
Male-Infertility-2019.pdf (Accessed May 2, 2019).

LLlennesa I. A., pegaktop. AHAponorus ans yponoros. M.:
Mendopym-Anbda, 2019; 424 c.

AnsieB tO. I, Tnbibo4yko 1. B., Mywkapb . KO., penakTopsbl.
Yponornsa: Poccuiickne KaMHUYeCKne pekomeHgaummn. M.:
Mendopym, 2018; 544 c.

MouepHmkos [. I, Buteuukas HO. I, Bonapipesa M. H., fankuna W. C.
VHchopMaTVBHOCTL BriomaTepurana ans UCCnenoBaH s MUKPOOKOTbI
YPOreHUTanbHOro TpakTa My>kdH metogom MLP-PB (nunotHoe
1cenenoBaHme). OKCnepuMeHTanbHas U KIIMHUYECKas yposoris.
2019; 2: 128-32. DOI: 10.29188/2222-8543-2019-11-2-128-132.
Monteiro C, Marques PIl, Cavadas B, et al. Characterization of
microbiota in male infertility cases uncovers differences in seminal
hyperviscosity and oligoasthenoteratozoospermia possibly
correlated with increased prevalence of infectious bacteria. Am J
Reprod Immunol. 2018; 79 (6): €12838. DOI: 10.1111/aji.12838.
BopotumnmHa E. C., S3opHukos [, J1., MaHadesa E. A. CpaBHuTensHoe
1cenefoBaHne MUKPOOUOThI 3sIKyNSTa METOLOM KONMHECTBEHHOW

BECTHVK PIMY | 3, 2020 | VESTNIKRGMU.RU

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

10.

11.

12.

13.

Frelund M, WikstroEm A, Lidbrink P, Abu Al-Soud W, Larsen N,
Harder CB, et al. The bacterial microbiota in first-void urine from
men with and without idiopathic urethritis. PLoS ONE 2018; 13
(7): €0201380. DOI: 10.1371/journal.pone.0201380.

lvanov IB, Kuzmin MD, Gritsenko VA. Microflora of the seminal
fluid of healthy men and men suffering from chronic prostatitis
syndrome. Int J Androl. 2009; 32 (5): 462—7. DOI:10.1111/j.1365-
2605.2008.00878.x.

Baud D, Pattaroni C, Vulliemoz N, Castella V, Marsland BJ,
Stojanov M. Sperm Microbiota and Its Impact on Semen
Parameters. Front Microbiol. 2019 Feb 12; 10: 234. DOI: 10.3389/
fmicb.2019.00234.

Weng SL, Chiu CM, Lin FM, Huang WC, Liang C, Yang T, et al.
Bacterial communities in semen from men of infertile couples:
metagenomic sequencing reveals relationships of seminal
microbiota to semen quality. PLoS One. 2014 Oct 23; 9 (10):
e110152. DOI: 10.1371/journal.pone.0110152.

Nickel JC. Chronic prostatitis: an infectious disease? Infect Urol.
2000; 13 (2): 31-8.

Kogan M, Ibishev KS, Cherny AA, Naboka YL, Krakhotkin DV,
Krainiy PA, et al/. 244 Analysis of microbiome prostatic secretion
in depending of levels total testosterone in blood serum. The
Journal of Sexual Medicine. 2018; 15 (7, Suppl 3): 219. DOI:
https://doi.org/10.1016/j.jsxm.2018.04.209.

Ho C-H, Fan C-K, Yu H-J, Wu C-C, Chen K-C, Liu S-P, et al.
Testosterone suppresses uropathogenic Escherichia coli invasion
and colonization within prostatecells and inhibits inflammatory
responses through JAK/STAT-1 signaling pathway. PLoS
One. 2017 Jun 30; 12 (6): e0180244. DOI:10.1371/journal.
pone.0180244.

Pochernikov DG, Postovojtenko NT, Galkina IS, avtory. Sposob
diagnostiki narushenij gormonal'nogo fona u muzhchin. Patent RF
# 2715565. 02.038.2020. Bjul. # 7. Russia.

Instrukcija po primeneniju nabora reagentov dlja issledovanija
mikroflory urogenital'nogo trakta muzhchin metodom PCR v rezhime
real'nogo vremeni Androflor® (OOO NPO «DNK-Tehnologija»).
Registracionnoe udostoverenie # RZN 20164490. Available from:
http:www.dna-technology.ru/information/aboutamethod/. Russia.
WHO laboratory manual for the examination and processing of
human semen. 5th edn. Geneva, 2010. 271 p.

Cukanov AYu, Satybaldin DO, Semikina SP. Povyshenie rezul'tativnosti
mikrobiologicheskogo issledovanija jejakuliata pri diagnostike prichin
muzhskogo besplodija. Urologija. 2019; 6: 26-30. Available from:
https://dx.doi.org/10.18565/urology.2019.6.26-30. Russia.

MLP v kynsTypanbHbiM MeTogoM. BecTHuk PIMY. 2019; 1: 44-9.
DOI: 10.24075/vrgmu.2019.009.

Stsepetova J, Baranova J, Simm J, et al. The complex microbiome
from native semen to embryo culture environment in human in
vitro fertilization procedure. Reprod Biol Endocrinol. 2020; 18 (1):
3. DOI: 10.1186/s12958-019-0562-7.

PaxmatynmHa M. P., lTankuHa V. C. OnarHocTnka NHhEeKLMOHHOM
YPOreHNTanbHOM NaTonorMM MeTogoM KonmdectseHHon MLP.
BecTHuk PIMY. 2019; 6: 114-8. DOI: 10.24075/vrgmu.2019.088.
Boposel, C. KO. [uarHocTndeckas 3Ha41MMOCTb UCCNEnoBaHNS
MVKPOGIIOpbI 35KyNATa Y BOMBHBIX XPOHNHECKVM GakTepuaibHbIM
npocTtatntoMm mMetogom PCR-RT «AHopodnop». B cbopHuke:
Matepuanbl 5-1 Hay4HO-NPaKTNYECKON KOH(EPEHLMM YPONOros
CeBepo-3anagHoro degepanbHoro okpyra P®; CaHKT-
[Metepbypr, 2019. Yponorudeckmne senomocti. 2019; 9: 22-23.
Hou D, Zhou X, Zhong X, Settles ML, Herring J, Wang L, et al.
Microbiota of the seminal fluid from healthy and infertile men. Fertil Steril.
2013 Nov; 100 (5): 1261-9. DOI: 10.1016/j.fertnstert.2013.07.1991.
Tomaiuolo R, Veneruso |, Cariati F, D'Argenio V. Microbiota
and Human Reproduction: The Case of Male Infertility. High
Throughput. 2020 Apr 13; 9 (2): pii E10. DOI: 10.3390/ht9020010.
Altmae S, Franasiak JM, Mandar R. The seminal microbiome in
health and disease. Nat Rev Urol. 2019 Dec; 16 (12): 703-21.
DOI:10.1038/s41585-019-0250-y.



14.

15.

16.

17.

18.

19.

20.

21.

22.

ORIGINAL RESEARCH | UROLOGY

PaxmatynHa M. P, Bongpipesa M. H., Jlnosa E. B., HYekvapes A. C.,
lankmHa WM. C.. OueHka MUKPOBMOTbI COCKOBa YPETPbI Y My>KHH
C MHeKUMsaMM, nepedaBaemMbIMy MOSIOBLIM MyTEM. YPONorus.
2019; 6: 31-37.

JNnnosa E. B., Yekmapes A. C., Bongpipesa M. H. Hosbin meTop,
OUMarHOCTUKN  MHAEKLMOHHO-BOCHANMTENBbHBIX 3ab0NeBaHuin
HVKHX OTAEIOB MOYEMNOfIOBOr0 TpakTa Yy My>X4uMH (TecT
«AHOpodnop®», «<AHapodnop®CkpuH»). M., 2017; 48 c.
MouepHukos [. I, TankuHa M. C., lNMocTtoBonTeHko H. T,
lepacumoB A. M. CpaBHUTENbHbIN aHanm3d buoTona agkynsaTa
1N LepBuKanbHOro kaHana metogom [LP-PB ¢ Tectamum
«AHppodnop» 1 «PemModnop» B Cynpy>Keckux napax. BecTHuk
PIrMY. 2017; 2: 37-41. DOI: 10.24075/brsmu.2017-02-05.
Baparoga E. E., bateHesa E. ., lankuHa V. C., JoHHnkos A. E.,
3opuHa B. B., TymbuHckas J1. B. v gp. MNLP B peansHoM BpemeHn:
HOBbIE BO3MOXHOCTW TEXHOMOMM B PELLEHUN PENPOOYKTUBHbBIX
npobnem: y4ebHoe nocobuve. M.: AHK-TexHonoruns, 2013; 63 c.
Tanunbckas H. U., LLlaxosa M. A. lMNMperpaBnaapHas nogrotoska
CyMPY>KeCKoM Mapbl C y4acTnem 060ux MapTHEPOB MPU HaCTbIX
peunaveax baktepunanbHoro BarnHo3a. Jlevamin Bpad. 2018; 2:
82-87.

Yurpuney, C. B., BptoxuH I B. CBSA3b MUKPOBUOTHI YPETPLI C
Ka4eCTBOM 35IKyNATa U COAEPXKaHNEM SHOOKPVHHBIX AMCPaNTOPOB
B CEMEHHOW XXUAKOCTU Y MY>XX4UH. AHOPOMNOTVS U reHUTanbHas
xvpyprus. 2018; 19 (4): 60-66. DOI: 10.17650/2070-9781-2018-
19-4-60-66.

Frelund M, WikstroEm A, Lidbrink P, Abu Al-Soud W, Larsen N,
Harder CB, et al. The bacterial microbiota in first-void urine from
men with and without idiopathic urethritis. PLoS ONE 2018; 13
(7): €0201380. DOI: 10.1371/journal.pone.0201380.

lvanov 1B, Kuzmin MD, Gritsenko VA. Microflora of the seminal
fluid of healthy men and men suffering from chronic prostatitis
syndrome. Int J Androl. 2009; 32 (5): 462—7. DOI:10.1111/j.1365-
2605.2008.00878.x.

Baud D, Pattaroni C, Vulliemoz N, Castella V, Marsland BJ,
Stojanov M. Sperm Microbiota and Its Impact on Semen

23.

24.

25.

26.

27.

28.

29.

30.

Parameters. Front Microbiol. 2019 Feb 12; 10: 234. DOI: 10.3389/
fmicb.2019.00234.

Weng SL, Chiu CM, Lin FM, Huang WG, Liang C, Yang T, et al.
Bacterial communities in semen from men of infertile couples:
metagenomic sequencing reveals relationships of seminal
microbiota to semen quality. PLoS One. 2014 Oct 23; 9 (10):
e110152. DOI: 10.1371/journal.pone.0110152.

Nickel JC. Chronic prostatitis: an infectious disease? Infect Urol.
2000; 13 (2): 31-8.

Kogan M, Ibishev KS, Cherny AA, Naboka YL, Krakhotkin DV,
Krainiy PA, et al/. 244 Analysis of microbiome prostatic secretion
in depending of levels total testosterone in blood serum. The
Journal of Sexual Medicine. 2018; 15 (7, Suppl 3): 219. DOI:
https://doi.org/10.1016/j.jsxm.2018.04.209.

Ho C-H, Fan C-K, Yu H-J, Wu C-C, Chen K-C, Liu S-P, et al.
Testosterone suppresses uropathogenic Escherichia coli invasion
and colonization within prostatecells and inhibits inflammatory
responses through JAK/STAT-1 signaling pathway. PLoS
One. 2017 Jun 30; 12 (6): e0180244. DOI:10.1371/journal.
pone.0180244.

MouepHnkos [. I, MocTosonteHko H. T., lankuHa V1. C., aBTopb!.
Crnocob [AMarHoCTVKM HapyLeHUA FOPMOHanbHOroO qoHa Yy
My>K4H. [ateHT PO Ne 2715565. 02.03.2020. Bron. Ne 7.
VIHCTpyKUMS MO npumeHeHuto Habopa peareHToB [Ons
MNCCNEA0BaHNS MUKPOMAOPb! YPOrEHUTAIBHOrO TpakTa My>KHH
meTozoM [MLP B pexxmme peansHoro Bpemer AHgpodnop® (000
HMO «OHK-TexHonorns»). PermcTpauroHHOe yo0CTOBEpeEHNE
Ne P3H 20164490. [doctynHo no ccbinke: http:www.dna-
technology.ru/information/aboutamethody/.

WHO laboratory manual for the examination and processing of
human semen. 5th edn. Geneva, 2010; 271 p.

LlykaHoB A. tO., CatbibangvH . O., Cemukimna C. I1. [NoBbilLeHve
pe3ynbTaTMBHOCTUM  MUKPOBMONOrMHYECKOrO  UCCneoBaHNS
99KYyNATa NP OUMArHOCTUKE MPUYMH MYy>CKOro Hecnnogus.
Yponorus. 2019; 6: 26-30. JocTynHo no ccbike: https://dx.doi.
org/10.18565/urology.2019.6.26-30.

BULLETIN OF RSMU | 3, 2020 | VESTNIKRGMU.RU



CLINICAL CASE | NEUROLOGY

A CASE REPORT OF DOPA-RESPONSIVE DYSTONIA IN A YOUNG WOMAN
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Dopa-responsive dystonia (DRD) is a rare progressive genetically heterogenous disorder with pediatric onset. DRD is 3 times as prevalent in women than in men.
This article reports a clinical case of DRD in a young female presenting with paraparesis, foot dystonia (more pronounced in the right foot) and pronounced walking
impairment, who was admitted for emergency treatment to a Neurology Unit. Based on the additional tests, which included a levodopa trial and Sanger sequencing,
the patient was diagnosed with DRD. Levodopa caused a considerable improvement of the symptoms. The article describes the clinical features of the disease,
talks about its differential diagnosis, genetic predisposition and treatment strategy.
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[NO®DA-3aBrcmas amuctoHns (O3[1) — aTo peakoe NporpeccupytoLLee reHeTUHeCK reTeporeHHoe 3aboneBaHme ¢ MaHUMECTMPOBaHVEM B AETCKOM BO3pacTe,
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cekBeHvpoBaHne no CeHrepy, y nauneHTky bbina guarHoctvposara O3/, MNposeaeHo nevdeHvie J1eBogomnon, B xoAe KOTOPOro Y NaumeHTK perpeccupoBani
KIIMHWYECKIME CUMMTOMbI AMCTOHWW. B cTaTbe npencTaBneHsl 0COBEHHOCTY TedeHUs 3abonesanns 1 anddepeHLansHOM AMarHOCTUKM, a Takke reHeTnyYeckas
NETEPMUHNPOBAHHOCTL Y TaKTUKA NeYeHus.
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Dopa-responsive dystonia (DRD) is a form of torsion dystonia
first described by the Japanese neurologist Segawa in 1971
as progressive hereditary dystonia with prominent diurnal
fluctuations [1].

In most patients, the disease starts in one leg in the first
decade of life and spreads to other limbs by the time the patient
enters their late 20s [2]. Gait disturbance is typically the earliest
manifestation of DRD often mistakenly interpreted as cerebral
palsy [3]. In the early stages of the disease, the symptoms
are absent in the morning but worsen towards evening; such
aggravation depends more on the number of waking hours
than on physical activity itself. As the disease progresses, the
patient starts to experience morning symptoms as well [4].
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There are 2 types of dystonia: classic postural dystonia,
e.g. postural instability due to increased muscle tone, and
phasic dystonia, which is a combination of postural instability
and phasic dystonic movements. There are single reports of
isolated hand tremor, permanent foot deformities (clubfoot) and
dystonia of individual muscles [5].

A trial of levodopa is the main diagnostic test in patients
with suspected DRD. A good, sustained response to this drug
indicates a high probability of DRD.

The recommended starting dose of levodopa is 1 mg/kg
per day. It should be gradually increased until sustained
improvement is achieved or side effects are reported by the
patient. The majority of patients improve at 4-5 mg/kg per day.
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In the absence of a positive response to levodopa, the drug
should discontinue no sooner than 3 months after the onset
of therapy [6].

To differentiate between DRD and other conditions alleviated
by levodopa, pterins are measured in the cerebrospinal fluid
of the patient (CSF). The positive levodopa trial and elevated
CSF pterins are strongly suggestive of DRD [7]. The diagnosis
can be confirmed by means of molecular genetic testing for
mutations in the GCH1 gene [8].

Clinical case

A female patient underwent a series of medical examinations
and received treatment for DRD at the Neurology Unit of the
Central Clinical Hospital Ne 23 (Yekaterinburg) in 2015-2017.
The diagnosis was based on the presence of the heterozygous
nucleotide sequence variant ¢.248g>a (p.Gly83Asp) detected
using PCR .

The patient was born in 1982. Her family members first
became aware of her symptoms when she was 12 years old.
The symptoms included weakness in the legs, gate disturbance,
muscle fatigue in the legs exacerbated on walking, a feeling
of knee rotation, toe curling while walking, and psychological
tension. According to the patient, she also felt occasional
weakness in her arms. The patient’s parents sought medical
advice with a neurologist. Provisional diagnoses included
Strumpell-Lorrain disease, paraparesis and paraplegia. The
patient was prescribed Baclofen, Neuromultivit, Sirdalud
(tizanidine), paraffin wax therapy, massage, and exercise, to no
avail. Her condition continued to deteriorate. The patient started
feeling very weak, lost control over her legs, discontinued
Baclofen and Sirdalud without consulting the neurologist
and stopped attending PE classes at school after failing her
normative assessment tests (especially, the jumping portion).

Family history. As a child, the patient was raised in a two-
parent family and did not have any developmental delays. At
the age of 3 years, the patient had chickenpox. After graduating
from high school, she went on to earn a degree in economy but
was out of work at the time of this study. The patient denied
any unhealthy habits. In 2010 she delivered a child by Cesarian
section. The patient had no past history of serious infections or
allergies. Due to her condition, she was found disabled in 1995
and qualified for category 2 of disability in 2000.

In 2015, she was referred for botulinum toxin therapy, but
never received it for reasons unknown. At about that time, her
symptoms started to aggravate: she experienced pronounced
difficulty walking and could no longer take care of herself.

B

Fig. 1. Dystonia of the right foot before therapy with levodopa

Eventually, she was admitted to the Neurology Unit for further
tests.

On admission, her condition was moderately severe, the skin
appeared pale and dry. The pulse was regular, 72 beats per min;
BP was 130/75, and respiration rate was 16 breaths per min.
On a neurological examination, the patient was fully conscious
and oriented; speech was scaning. Her cranial nerves were
unremarkable. Muscle strength was reduced in the distal legs
(the patient scored 3.5 points); muscle tone was increased on
the right side (extrapyramidal signs) (Fig. 1); tonic spasms were
observed in the lower limbs. Upper limb reflexes were moderate
and symmetric; in the lower limbs, reflexes were diminished.
No pathologic reflexes were observed. In coordination tests the
patient was uncertain; a positive Romberg was present. The
patient showed no signs of meningeal irritation. The range of
motion was limited in all spinal cord segments. The preliminary
diagnosis based on the patient’s complaints, medical history
and clinical presentations was consistent with encephalo-
polyradiculoneuropathy, paraparesis, feet dystonia (more
pronounced on the right side) and walking impairment. Results
of laboratory tests, including complete blood count, urinalysis
and blood biochemistry test, were within the normal reference
range. On ECG, the sinus rhythm was 73 beats per minute.
Electromyoneurography of the lower and upper limbs revealed
mild radiculopathy of L4-L5, S1, C7-C8, and Th1, moderate
ulnar neuropathy at the elbow and mild axonal neuropathy of
the right tibial and peroneal nerves. MRI of the brain revealed
grade 1 cortical atrophy. Nothing was suggestive of a focal
or diffuse cerebral pathology (Fig. 2) An earlier cervical spine
MRI scan performed in 2007 had been suggestive of stage 1
degenerative disc disease at C3—-C6 and a small disc osteophyte
complex at C5-C6, with no pathologic foci in the spinal cord
(Fig. 3). DNA testing for GCHI mutations was conducted on
March 13, 2017: the coding sequence and the adjacent introns
of the GCHI gene responsible for torsion dystonia (DYT5) were
analyzed using Sanger sequencing. The heterozygous variant
c.248g>a (p.Gly83Asp) was detected. Thus, torsion dystonia
was confirmed by molecular genetic testing.

Based on the data from a follow-up MRI scan, the diagnosis
was revised and corrected to G24.8 Dopa-responsive dystonia
involving both feet, walking impairment; polyradiculoneuropathy
in the presence of degenerative disc disease of the cervical and
lumbosacral spine; pain syndrome; motor impairment.

The patient was prescribed regular daily exercise, a
dopamine mimetic drug, a vasodilator, a hepatoprotective
agent, vitamins, and a cholinesterase inhibitor. She was
followed up by her local healthcare provider. The patient started

Fig. 2. Brain MRI: grade | cortical atrophy, no signs of focal or diffuse cerebral pathology
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taking the dopamine mimetic drug after the definitive diagnosis
was made and continued through pregnancy. When she got
pregnant, she reduced the dosage by 50%, with no loss of
effect.

Discussion

Patients with DRD can have 4 different mutations in the
gene involved in the synthesis of guanosine triphosphate
cyclohydrolase-I (GCH1) [9]. This enzyme participates in the
synthesis of tetrahydrobiopterin (BH4), the tyrosine hydroxylase
(TG) cofactor that converts L-tyrosine into L-DOPA, which leads
to a reduction in dopamine concentrations in the striatum.
Patients with the autosomal-dominant type of inheritance carry
this mutant gene on chromosome 14 (14qgll-g24.3). Patients
with autosomal-recessive inheritance carry this gene on
chromosome 11p15.5 of the TG gene [10].

The prevalence of the neurometabolic disease is 0.5-1
cases per 1 million population [11]; it is probably underreported
because some patients present with very mild symptoms.
Manifestation of symptoms at the age of 4-8 vyears is
accompanied by parkinsonian features and muscle dystonia
resulting in gait disturbance. Because of increased muscle
tone in the legs and signs of damage to the pyramidal tracts,
the condition can be mistakenly interpreted as cerebral palsy
or inherited spastic paraplegia [12]. Over time, dystonia of the
lower limbs progresses to generalized dystonia. The disease is
characterized by diurnal fluctuations of motor symptoms, which
improve in the morning after sleep and aggravate towards
evening. Evaluation of the therapeutic effect of levodopa is a
good diagnostic technique in patients whose dystonia is not
associated with hypoxic-ischemic encephalopathy [13].

In the described clinical case, the patient had reduced
muscle strength in the distal leg (3.5 points), increased muscle
tone on the right side (extrapyramidal signs) gait disturbance
with dystonic movements of the lower libs, diminished reflexes
in the lower limbs and a positive Romberg.

Given that the patient’s symptoms regressed after the
combination therapy with levodopa and carbidopa, the
definitive diagnosis was DRD. At present, the patient is free of
dystonia symptoms.
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EFFECTS OF EMPAGLIFLOZIN AND L-ORNITHINE L-ASPARTATE ON BEHAVIOR, COGNITIVE FUNCTIONS,
AND PHYSICAL PERFORMANCE IN MICE WITH EXPERIMENTALLY INDUCED STEATOHEPATITIS
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Non-alcoholic fatty liver disease (NAFLD) is a chronic condition characterized by disturbed carbohydrate and lipid metabolism and often complicated by
psychoneurological symptoms, including anxiety, depression, memory deficit, and asthenia. Most studies of pharmacotherapy candidates for NAFLD focus on
the ability of the tested drugs to restore the biochemical functions and morphology of the liver while their potential effects on the co-existing conditions remain
overlooked. The aim of this paper was to investigate the effects of empaglifiozin and L-ornithine L-aspartate (OA) on behavior, memory, and physical performance
in C57BL/6 mice with experimentally induced NAFLD (6 months of a Western diet + weekly carbon tetrachloride injections). The disease affected animal behavior
(locomotion speed decreased by 38% and 35%, p < 0.01; rearing increased by 432% and 279%, p < 0.05 etc.), induced long-term memory deficit (latency to find
the target box increased by 108% in the Barmes maze, the number of errors increased by 439%, p < 0.05), and compromised physical performance (swimming
time in the forced swim test dropped by 50%, p < 0.05 etc.). When administered during the high-calorie diet period, both drugs reduced anxiety (empagliflozin:
the number of grooming bouts rose by 160%, p < 0.05 and 2173%, p < 0.01; time spent in the light compartment in the light/dark box test increased by 275%,
p < 0.05, etc.; OA: time spent in the open arms of the maze increased by 267%, p < 0.05), and promoted memory retention in mice with NAFLD. OA improved
physical performance (swimming time in the forced swimming test improved by 106%, p < 0.05, etc.). Thus, empagliflozin and OA can have a beneficial effect on
cognitive functions, as well as behavior, and ameliorate asthenia in NAFLD.
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OYHKUUNN N DPUSNHECKYIO PABOTOCINOCOBHOCTDb MNMPU SKCTNEPUMEHTAJIbHOM CTEATOTIEMATUTE
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Non-alcoholic fatty liver disease (NAFLD) is a chronic condition
caused by the pathologic deposition of fat in liver cells which
does not result from alcohol intake or exposure to toxic
substances. NAFLD is closely associated with carbohydrate
and lipid metabolism disorders, obesity, and insulin resistance.
It is estimated that up to 25% of the world’s population today
suffers from NAFLD, suggesting that it is the leading cause of
chronic liver disease [1, 2].

Besides metabolic alterations, NAFLD is associated with a
number of non-specific symptoms, including depression, anxiety,
asthenia, and cognitive impairment [3-5]. A study revealed that
53% of patients with NAFLD had signs of subclinical depression
whereas 14% were clinically depressed [6]. Mood swings and
irritability observed in such patients often co-exist with weakness
and chronic fatigue [3]. Some authors hold the opinion that
almost all NAFLD patients experience cognitive complications;
mild cognitive symptoms are observed in half of such patients,
whereas the other half have moderate or severe symptoms [4].

The aims of treatment for NAFLD are to eliminate its causes,
mitigate the symptoms and prevent the progression of the disease
[2, 7]. Apart from diet and physical exercise, some patients with
NAFLD should be advised to take hypolipidemic, hypoglycemic and
hepatoprotective agents [2, 7]. The efficacy of these drugs against
metabolic disorders has been studied extensively; however, few
publications discuss their use in the therapy of NAFLD-associated
psychoneurological deficits [8, 9]. This paper investigates the
effects of empaglifiozin and L-ornithine L-aspartate on behavior,
cognitive functions, and physical performance in C57BL/6 mice
with experimentally induced NAFLD.

METHODS

The study was carried out on 52 3-month-old male C57BL/6
mice with an average body weight of 23 g, purchased from the
Rappolovo breeding farm (Leningrad region). The study was
hosted by Saint Petersburg State Chemical and Pharmaceutical
University. The animals were fed a complete feed ration

A

(Laboratorkorm; Russia) and provided with drinking water
(Russian GOST 2874-82), except for the period of high-calorie
diet. Food and water were available ad libitum. C57BL/6 mice
develop metabolic, behavioral and cognitive disorders when
fed a high-fat diet, which determined the choice of this strain
for the study [10, 11]. After a 14-day acclimation period, the
mice were randomized into the following experimental groups:
group 1 (intact animals; n = 10), group 2 (control animals with
induced NAFLD that did not receive any treatment; n = 14),
group 3 (EMPA; NAFLD+2 mg/kg empaglifiozin marketed
as Jardiance®; n = 14), and group 4 (OA; NAFLD + 1.5 g/kg
L-ornithine L-aspartate marketed as Hepa-Merz® n = 14).
The drugs were administered by intragastric gavage once a
day throughout the experiment; the control and intact groups
received equivalent volumes of sodium chloride 0.9%.

NAFLD (steatohepatitis) was modeled by feeding the
mice a Western diet and administering carbon tetrachloride
(CCl) intraperitoneally (Fig. 1A). The control, EMPA and OA
groups were fed a high-calorie diet (HCD) for 6 months. The
diet was composed of 36.65% standard chow + 21.1% beef
tallow + 41% D-fructose + 1.25% cholesterol. Additionally, the
drinking water was replaced with a 42 g/L D-fructose solution.
Throughout the HCD part of the experiment, the animals
received intraperitoneal injections of CCl4 (0.32 pg/kg) once a
week [12]. The intact animals received the standard feed ration
and pure drinking water.

After the HCD part of the experiment was completed, animal
behavior was assessed in the open field test (OF), the light/dark
box test (LDB), and the elevated plus maze test (EPM) (all by
Open Science; Russia). The mice were video recorded using a
VideoMot2 system (TSE Systems; Germany).

The short-term and long-term spatial memory of the animals
was evaluated in the Barnes maze (BM) (Open Science; Russia)
[13]. After 4 days of training (4 trials per day), probe trials were
conducted on days 5 and 12. In this test, we measured the
time it took the animal to reach the target box (seconds) and
counted the number of mistakes.

Experimental groups: Tests
ne14 . Control: High-calorie diet: *  Open field
- NaCl 0.9% q.d. po * Standard chow 36.65% « Elevated
- empagliflozin, 2 mg/kg q.d. po ° beettallow e ° Li . .
« Cholesterol 1259 ) - Uight/darkbox Histopathological
n=14 OA: + D-fructose solution 42 g/L = Barnes maze examination
- L-ornithine-L-; rtate, 1.5 .d.
ornithine-L-aspartate, 1.5 g/kg q.d. po +0.32 pg/kg CCl,, q.w. ip » Forced swim test
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Fig. 1. A. Description of the NAFLD model, animal groups and the experimental design. Abbreviations: g.d. — once a day, g.w.— once a week, po — orally, ip —
intraperitoneally. B. Survival dynamics. C. Histopathological slides of the liver. 1. No structural abnormalities in liver tissue in the intact group; 2. Morphological features
of NAFLD in the control group, including marked macrovesicular steatosis and marked ballooning degeneration of hepatocytes, focal parenchymal infiltration by
polymorphonuclear leukocytes; 3. Morphological features of NAFLD in the EMPA group, including mild macrovesicular steatosis and mild ballooning degeneration of
hepatocytes, no pathological infiltration of the liver parenchyma; 4. Moderate macrovesicular steatosis and moderate ballooning of hepatocytes, moderate parenchymal
infiltration by polymorphonuclear cells in the OA group. A, B, C, D — hematoxylin-eosin staining, x200
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Two days after the behavioral tests, the weight-loaded (7.5%
of body weight) forced swim test (FS) and the triple weight-
loaded exhaustive swim test (TES) [14, 15] were conducted
to evaluate the physical performance of the animals. In the
second test, swimming time was measured for each mouse at
the beginning of the trial, 5 minutes later and 45 minutes later.

Morphological changes in the liver were evaluated by histology.
Samples of liver tissue were fixed in 10% buffered formalin,
dehydrated, cleared in isopropanol, and embedded in paraffin
using a conventional technique. Four-um sections prepared from
paraffin blocks were mounted on slides, stained with hematoxylin-
eosin and coverslipped. The slides were examined in incident light.
Steatosis, ballooning degeneration of hepatocytes, and infiltration
of the parenchyma were evaluated qualitatively [2, 16].

Statistical analysis was carried out in GraphPad Prism
8.0.2 (GraphPad Software; USA). Normality of distribution
of quantitative variables was tested using the Shapiro-Wilk
W-test. If the distribution was normal, the differences were
assessed using ANOVA followed by Dunnett’s post-hoc test. If
the distribution was non-normal, the Kruskal-Wallis was applied
followed by Dunn’s multiple comparison. Below, numeric data
appearing in the figures are presented as M + SE. The principal
component analysis was done in MS Excel XLStat 2016
(Addinsoft; France).

RESULTS

Animal survival and pathomorphological liver features in
experimentally induced NAFLD

Forty percent of the animals from all the experimental and
control groups died during the 6 months of the study. Neither
empagliflozin nor OA had any effect on animal survival (Fig. 1B).

ORIGINAL RESEARCH | NEUROLOGY

On histology, the liver specimens of mice with induced NAFLD
were characterized by steatosis, ballooning degeneration of
hepatocytes, and parenchymalinfiltration by polymorphonuclear
leukocytes. The changes in liver morphology were the most
pronounced in the control group: steatosis affected at least
30% of hepatocytes; ballooning degeneration occurred in at
least 30% of liver cells. Focal infiltration of the parenchyma
by polymorphonuclear leukocytes was another remarkable
histologic feature in the experimental groups. Empaglifiozin
and OA reduced the degree of these NAFLD-associated
pathological changes (Fig. 1C).

Effects of experimentally induced NAFLD on measured
parameters in the control group

Behavioral tests demonstrated that steatohepatitis affected
animal behavior, cognitive functions and physical performance.
In the OF test, mice with experimentally induced NAFLD moved
more slowly (-38%; p < 0.01), had a longer total freezing time
(-85%; p < 0.01) and a higher number of rearing episodes
(+432%; p < 0.05) (Fig. 2A). In the control group, the number of
rearing episodes and head dips in the EPM test was also higher
(+279%, p < 0.05 and +553%, p < 0.05, respectively; Fig. 2B). In
the LDB and OF tests, mice with NAFLD had a lower locomotion
speed (-35%; p < 0.01) than healthy animals (Fig. 2C).
Although the overall learning performance in the BM test
was similar between the groups (the animals made fewer errors
over time and needed less time to locate the target box), the
latency to locate the target box was increased in the control
group (+108%) and the error rate was higher (+439%) on day
12, as compared to day 5 (p < 0.05 in both cases) (Fig. 3).
Active swimming time in the forced swim test (-50%;
p < 0.05), as well as time spent swimming during the first trial of
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Fig. 2. Results of (A) the Open field test, (B) the Elevated plus maze test and (C) the Light/dark box test. * — p < 0.05; ** — p < 0.01
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the triple weight-loaded exhaustive swim test (-69%; p < 0.05),
was shorter in the untreated NAFLD group than in the intact
group. Besides, during the triple weight-loaded exhaustive
swim test the control group required more time to recover, and
their results during the second trial (5 min after the 1st trial)
were not as good as those of healthy animals (-63%; p < 0.05)
(Fig. 4).

Effects of empagliflozin on measured parameters

The number of grooming bouts in the OF test was higher in the
animals treated with empagliflozin (+160%; p < 0.05) (Fig. 2A),
whereas the number of visits to the closed arms in the EPM test
was lower in those animals than in the control group (-56%;
p <0.05)(Fig. 2B). Inthe LDB test, mice treated with empagliflozin
spent more time in the illuminated compartment (+275%;
p < 0.05), took more time to enter the dark compartment for
the first time (+355%; p < 0.01), and engaged in significantly
more grooming bouts in comparison with the control group
(+2173%; p < 0.01) (Fig. 2C).

Empagliflozin did not have any significant effect on the
short- and long-term memory and physical performance of
mice with induced NAFLD in the BM test and both forced swim
tests, respectively.

Effects of L-ornithine L-aspartate on measured parameters

No significant effect of OA on animal behavior and performance
was noticed in the OF, LDB and BM tests. In the EPM test, time
spent in the open arms of the maze was longer in the animals
treated with OA than in the control group (+267%; p < 0.05)
(Fig. 2B).

The animals treated with OA spent more time swimming
actively than the control group (+106%; p < 0.05); their results
were comparable with those of the healthy animals. Similarly,
in the TFS test, the mice from the OA group were able to keep
their heads above the water surface longer than the untreated

NAFLD animals (+137%; p < 0.01) 45 minutes after the first
trial (Fig. 4).

DISCUSSION

This study investigated potential effects of empagliflozin and
OA on behavior, memory and physical performance in C57BL/6
mice with the steatohepatitis stage of NAFLD.

In the OF and EPM tests, the mice with experimentally
induced NAFLD had more episodes of rearing behavior than
the controls; they also performed more head dips in the open
arms of the EPM. The increased rearing frequency could be
interpreted as a sign of anxiety [17, 18]. Head dipping in the
open arm areas is not only an exploratory, but also a risk
assessment behavior [19]. Therefore, increased head dipping
is an ambiguous behavioral marker. Considering the increased
rearing frequency and the propensity to visit the closed arms,
head dipping in our experiment might be interpreted as a sign
of anxiety [20, 21].

Unlike the intact group, mice with NAFLD engaged in
grooming less often in the LDB test and tended to spend
more time in the brightly illuminated compartment. Preference
of dark enclosed spaces based on the hole reflex indicates
increased anxiety in rodents [22]. High anxiety levels in rodents
with induced NAFLD were previously reported by other authors
[23, 24]. Along with mood swings and apathy, anxiety-like
behavior is a typical neurological symptom in human patients
with NAFLD [3, 6].

On average, animals with experimentally induced NAFLD
ambulated more slowly in the OF and LDB tests than intact
animals (this parameter was not evaluated in the EPM test).
The decrease in locomotion speed was not improved by
empaglifiozin or OA. Besides, total freezing time was shorter
in all groups of animals with NAFLD. A reduction in average
locomotion speed might be interpreted as a manifestation of
anxiety. In the classic sense, shorter freezing time indicates an
anxiolytic effect. On the other hand, it might suggest that mice
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in our experiment were actively seeking shelter because of high
anxiety levels. We decided to give special emphasis to changes
in these parameters since it can be difficult to interpret them
unequivocally. It is possible that NAFLD causes more complex
behavioral changes that cannot be interpreted only in terms of
high/low anxiety levels.

Mice treated with empaglifiozin spent more time in the
brightly illuminated compartment in the LDB test than the
control group. Apparently, the animals felt less discomfort and
a less pronounced need to seek shelter when placed in the light
compartment. As a result, latency to the first transition into the
dark compartment increased. Besides, during their visits to the
light compartment, mice treated with empagliflozin performed
more grooming bouts than the control animals. A similar
increase in the number of grooming bouts was observed in the
OF test. There are thought to be two sides to this phenomenon.
On the one hand, stressed animals show a propensity to
engage in shorter yet more frequent grooming bouts, which,
along with increased urination and defecation, might indicate
high levels of anxiety. In this case, grooming replaces other
behaviors and activities inhibited by acute stress [25]. On the
other hand, rodents perform more grooming bouts when they
feel safe, calm and free of anxiety [26]. Considering that animals
in our experiment preferred open, brightly illuminated spaces,
the increased grooming frequency might reflect the anxiolytic
effect of the tested drug.

Behavioral changes described above might be directly
linked to the beneficial effect of empagliflozin on the morphology
of glial cells [27] and to elevated BDNF (brain-derived
neurotrophic factor) levels observed in mice with obesity
and insulin resistance [28]. This allowed us to hypothesize
that empaglifiozin might have additional central mechanisms
mediating its anxiolytic action.

Mice treated with OA spent more time in the open arms
of the EPM, which indicates an anxiolytic effect of this drug.
The unchanged closed arm entry and head dipping frequencies
may indicate retention of spontaneous motor and exploratory
activities in this group of animals [29].

Following a period of training for the BM test, the animals
in all experimental groups were able to find the target box
faster and to make less errors. The control group was the only
one whose performance on day 12 was much worse than on
day 5. This might indicate a long-term memory deficit in mice
with induced NAFLD. Previously, spatial memory deficits were
reported in rats with NAFLD [30]. NAFLD-associated cognitive
impairment was experimentally correlated to shrinkage of
both gray and white brain matter and was accompanied by
brain mass reduction [31]. Another study demonstrated that
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Fig. 4. Results of the Forced swim test (A) and the Triple weight-loaded exhaustive swim test (B).
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non-alcoholic steatohepatitis and liver fibrosis, especially
in its late stages, caused multiple focal lesions in the white
matter regardless of the presence of comorbidities [32]. In our
experiment, long-term memory was compromised neither in
the group of mice treated with the tested drugs nor in the intact
animals.

On days 3, 4 and 5 of the experiment, mice treated with
empagliflozin performed slightly worse, needing more time to
find the target box in comparison with other animal groups.
Those mice did not attempt to explore the maze and seek
shelter but instead preferred to stay in the open space in a
random hole. This is consistent with our previous proposition
about the anxiolytic effect of empagliflozin, which in our case
promoted resilience to stress caused by open spaces and
bright light.

Earlier studies demonstrated that transfer from a normal
feed ration to a high-calory diet used to model NAFLD resulted
in a relatively fast (by the end of month 1) twofold drop in
physical performance [33]. Starting from month 4 of the high-
calorie diet, the mice were gradually restoring their initial level of
performance. However, the metabolic burden of excess calories
was more extreme in our experiment. This might explain why
the mechanisms involved in energy production had not adapted
to the new conditions by month 6 and physical performance
of the animals in the forced swim test was significantly worse
(45% relative to the results of the intact group that had fully
restored the level of physical performance by month 6 of a less
strict diet).

Importantly, even milder models of NAFLD can result in a
significant decline in glycogen levels in skeletal muscles (by
33%) and liver (by 44%) [33]. A combination of a high-calorie
diet and injections of CCI,, which exerts hepatotoxic and
prooxidant effects, leads to the development of pronounced
disturbances in lipid metabolism with typical morphological
changes to liver tissue visible on histology, can further aggravate
cognitive and behavioral deficits and compromise physical
performance [12]. Carbohydrate deficiency in skeletal muscles
could be the underlying metabolic cause of poor physical
performance in laboratory animals. In our study, repeated
administration of empaglifiozin did not have a positive effect
on the physical performance of mice in the forced swim test.
This was predictable because empagliflozin does not improve
glucose transport to muscle cells and does not stimulate
glycogen synthesis.

Breakdown of muscle proteins and participation of amino
acids in the production of substrates for the Krebs cycle provide
energy for muscle work. These processes are accompanied
by vigorous production of ammonia, which is then utilized in
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the ornithine cycle of urea synthesis. In humans, OA activates
the urea cycle, enhances lipid metabolism, slightly elevates
the level of ketone bodies and free fatty acids, lowers blood
ammonia, and alleviates the subjective feeling of fatigue [34]. In
our study, repeated administration of OA significantly mitigated
the noxious effect of NAFLD on the physical performance of
mice in the forced swim tests, demonstrating the special role of
amino acid utilization in providing energy for muscle work in a
situation of a high-calorie diet, when the organism’s metabolism
has to adjust to the new conditions.

To elucidate the mechanism of OA effects on the physical
performance of mice with experimentally induced NAFLD, the
TFS test was conducted. The initial-to-exhausting swimming
time ratio (the total duration of the first and second trials) in
the intact group revealed that the animals refused to continue
swimming because of physical exhaustion; the contribution
of the central nervous system component was minor [35]. In
mice with experimentally induced NAFLD, the duration of active
swimming was three times shorter in the first trial, suggesting
diminished endurance with a central nervous system and a
peripheral organ components. Repeated administration of
empagliflozin and OA decreased the contribution of the central
(but not the peripheral) component, which was indicated by
a 40% decline in the physical performance compared to the
intact group.

The main TFS parameter (exhaustion index, El)
characterizes the efficacy of recovery mechanisms in the first
phase of recovery after exhaustive exercise. This parameter
is calculated as a ratio of weight-loaded swimming duration
after 45 min of the recovery period to the duration of exhaustive
swimming. Immediate recovery occurs in the first 0.5-1.5 h of
the resting phase and is essentially based on the excretion of
anaerobic metabolism products accumulated during exercise
and the repayment of oxygen debt. It should be noted that
in the immediate phase of post-exercise recovery, oxidative
phosphorylation does not play a key role in the resynthesis of
adenosine triphosphate (ATP). More important here (especially

Fig. 5. Graphic representation of principal component analysis results. m — Intact, B8 — Control, 8 — EMPA,

1{?%@@%

in a situation of exhaustive exercise, fatigue or overtraining) is
the alactic pathway, which uses adenosine diphosphate (ADP),
the product of ATP degradation), for ATP resynthesis. This
mechanism is launched when ADP concentrations are high in
muscle cells, which occurs only when other pathways for ADP
resynthesis have been depleted. To ensure the high rate of the
myokinase reaction, adenosine monophosphate needs to be
degraded further and its metabolite, inosine monophosphate,
needs to be excreted from the muscles. These events are
closely associated with ammonia synthesis by actively working
skeletal muscles [36].

The El analysis revealed that empaglifiozin did not affect
the processes unfolding in the first recovery phase (Tl was
0.20 in the intact group, 0.19 in the EMPA group and 0.38 in
the control group due to a steep reduction in endurance and
shorter duration of the exhaustive exercise). At the same time,
El was 0.61 in mice treated with OA, suggesting a significant
effect of the drug on post-exercise recovery. Perhaps, this
could explain the restoration of physical performance in mice
treated with OA. The effect of L-ornithine and its salts on post-
exercise recovery, as well as the achievement of the desired
training effect, in healthy humans and laboratory animals is a
well-known phenomenon in sports medicine [37-39]. However,
its impact on physical performance and the efficiency of the first
phase of recovery after exhaustive exercise in a NAFLD model
has never been demonstrated before.

The principal component analysis of all experimental data
detected significant differences between intact and control
animals. The effects of the studied drugs were not limited to
mitigation of NAFLD symptoms: some of them were unrelated
to the studied pathology (Fig. 5). Repeated administration of
empaglifiozin and OA can improve the histomorphological
appearance of the liver and correct some symptoms often
present in NAFLD, including anxiety, depression, cognitive
deficit and asthenia. These effects might be clinically relevant
due to the high prevalence of NAFLD in the economically active
population.
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CONCLUSIONS

1. Experimentally induced NAFLD causes pronounced
behavioral changes in C57BL/6 mice. These changes include
increased anxiety, long-term memory deficit, and poor physical
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ASPECTS OF FREE RADICAL OXIDATION IN THE LARGE BOWEL IN ULCERATIVE COLITIS

AND CROHN’S DISEASE
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Research into the accumulation patterns of protein oxidative modification (POM) products and lipids in Crohn’s disease (CD) and ulcerative colitis (UC) could have
important implications for understanding the pathogenesis and improving the diagnosis and therapy for these diseases. The aim of this study was to investigate
the aspects of free radical oxidation (FRO) in the large bowel and their possible correlations with clinical symptoms of UC and CD. In the Wistar rat model used
in the experiment, CD was induced with 2,4,6-trinitrobenzenesulfonic acid, and UC was induced with oxazolone. Clinical status was assessed using the Disease
activity index (DAI). Lipid peroxidation (LPO) products were measured in the heptane and isopropanol phases of the intestinal mucosa extract. POM products
were measured following spontaneous and stimulated oxidation. The DAI (Me (Q,,-Q,,)) was increased in both CD and UC on days 3 and 7 of the experiment: for
CD, it was equally increased on days 3 and 7 (7 (3-7)) and was 11 (11-11) and 11 (9-11) for UC on days 3 and 7, respectively. The amount of primary, secondary
and end LPO products in the heptane and isopropanol phases, as well as the total amount of POM products, was increased in the homogenized mucosa of the
large bowel. In the CD group, the relative content of secondary basic POM products was increased on day 7 of the experiment. The following patterns of FRO
were revealed: accumulation of LPO products in the UC group and accumulation of POM products in the CD group; UC is characterized by the accumulation of
mostly LPO products in the heptane phase and secondary LPO products in the isopropanol phase; CD is characterized by the accumulation of secondary basic
POM products. DAl scores were correlated with the amount of LPO products in the isopropanol phase and the amount of POM products in the spontaneous
oxidation mode. The highest number of strong correlations was observed in the UC group. Our findings suggest a very serious contribution of FRO changes to the
pathogenesis of UC and CD, meaning that LPO and POM products could be regarded as diagnostic markers and indicators of treatment efficacy.
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OCOBEHHOCTU CBOBOAHOPAANKAJIBHOINO OKUCJIEHUA B TOJICTOM KULLEYHUKE
NP A3BEHHOM KOJIUTE N BOJTIESHN KPOHA

M. B. Ocvkos'™, E. B. Jasbigosa’, M. C. Boliko', A. E. Bakeesa', H. B. Kairopoguesa', V. P. Taneesa’, A. A. ®egocos?, M. A. VnbuHbIx',

1. B. Boproga'

" KOXHO-YpanbCkuii rocy1apCTBEHHbI MEANLIMHCKUIA YHUBEpPCUTET, HYenabuHek, Poccus

2 POCCUACKNIA HALMOHaUTbHBIA MCCNE0oBaTENbCKUN MEAVLIMHCKWA yHBEpcUTeT nmenn H. W, TMinporoea, Mocksa, Poccus

V13y4eHne 0COBEHHOCTEN HaKOMEHMS MPOOYKTOB OKUCIUTENBHOM MoamdrKaumm 6enkos (OMB) n inmmnaos B kuLevHvke npu 6onesHn Kpora (BK) n a3seHHoM
konute (FK) MOXET MMeTb 3HadeHve B natoreHese, OMarHOCTUKE M Teparnun aTux 3abonesaHuid. Llensto paboTtbl GbIN0 M3y4nMTb OCOBEHHOCTU CBOGOAHO-
paaukanbHoro okmcneHus (CPO) B TONCTOM KULLEYHVIKE, CBSA3b C KNMHMYecKMn cumnTomammn npn BK 1 9K, Ons mopgennposanmnst BK kpbicam Wistar BBoannm
TPUHUTPOBEH30CYNbMaT, AN AK — oKca3onoH. KnuHndeckuii ctatyc oueHmsamm no Disease activity index (DAI). B TonCToM KuLeYHVKe Onpeaensm npogyKTbl
nepoKcuaHoro okmcneHvst oo (MOJ) B renTaHoBoV 1 13onponaHonbHoM dasax, npoayktel OMB B CNOHTaHHOM ¥ MeTans-3aB1CMOM pexxmnmMax. Mpu
BK 1 AK Ha 3-1 1 7-e cyTkn yBenmiveaetcs DAl (Me (Q,.-Q,): 7 (3-7) npv BK Ha 3-1 v 7-e cytku ogmHakoso; 11 (11-11) u 11 (9-11) npu AK Ha 3-1 1 7-e cytku
COOTBETCTBEHHO), B TOICTOM KMLLEYHVKE MOBbLILLAETCA KOMMHECTBO MEPBUHYHBIX, BTOPUYHBIX 1 KOHEYHbIX NpoaykToB [1OJ1 B renTaHoBOM 1 n30MponaHobHOM
hazax, cymmapHoe Konm4ecTso npoayktoB OMB, npu BK Ha 7-e cyTkin yBenmunBaeTcs 4oNs BTopu4HbIX npoaykTtoB OMB ocHoBHOro xapaktepa. Oco6eHHOCTH
CPO: npu AK — HakonneHve npogykTos M10J1, npn BK — npoayktos OMB; npu AK npexxae Bcero HakanameatoTcst koHedHble NpoaykThel MOJ1 B renTaHOBOM
hase 1 BTOPUYHbIE MPOAYKTbI B N30MPOonaHonsHoM; npu BK — BTopryHbie npopykTsl OMBE ocHoBHOro xapakTtepa. IMpu BK n 9K yctaHoeneHa accoumaumnsa DA
¢ comepxxaHnem npoaykToB MOJT nperMyLLecTBeHHO B 13onponaHonbHoi dase, npogyktoB OMB B CNOHTAHHOM PeXunMe; HanbosbLIee KOMYECTBO CUMbHbIX
cBsA3en 3admkenpoBaro npu AK. Mo pesynstatam nccnenoBanust, ponb nameHeHnii CPO B natoreHese BK v 9K ropasno 6osblue, YTO SBNSETCS NPEAnoChIKOn
ans 0603HaqeHns npoaykTos MNOJT n OMB kak AnarHOCTUHECKNX MapKepOoB, Nnokaaaresnen athMeKTMBHOCTY Tepanmi.

KntoueBble crioBa: OKVCUTENbHbIA CTPECC, NMEPOKCUAHOE OKMCIEHNE NMMMMAOB, OKUCIMTENbHAS MOaMMUKALMS BENKOB, KULLEYHIK, S3BEHHbIA KONWT, 6onesHb KpoHa
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The incidence of gastrointestinal diseases doubles every
decade, both in Russia and globally, posing a serious concern
to public health and society [1]. Although there is great variability
in the epidemiological data across studies, an increase in the
incidence of ulcerative colitis (UC) and Crohn’s disease (CD),
especially in young, socially active and employable individuals,
is being reported by many authors [2, 3]. Worldwide, there are
3to 62 and 50 to 70 incident cases of UC and CD, respectively,
per 100,000 population a year [4]. Currently, as many as 1.6
million people are suffering from UC and CD in the USA [5, 6].
UC and CD are also associated with a variety of intestinal and
extraintestinal complications that add to hospitalization, surgery
and outpatient care costs.

The pathogenesis of UC and CD is not fully clear: there
are a multitude of etiological factors that can activate cell-
mediated and humoral components of the immune system
by eliciting Th1 and Th2 immune responses and cause an
imbalance between Th17 and 'I'reg cells [7]. Just like cytokines,
enzymes, immunoglobulins, and some other factors, reactive
oxygen and nitrogen species (ROS, RNS) produced by
activated neutrophils, monocytes/macrophages, endothelial
and epithelial cells are involved in triggering and maintaining
inflammation in the intestinal wall when there is deficit of
antioxidant defense factors [8-10]. ROS and RNS, as well as
products of their interaction with proteins and lipids, can act as
markers of intestinal tissue damage, indicating the severity of
the disease and the efficacy of treatment; they are also potential
targets for novel personalized therapeutic and preventive
approaches to the regulation of the local redox state in the large
bowel affected by CD and UC [11-13]. Therefore, it would be
interesting to study the aspects of free radical oxidation (FRO)
and the relationship between the redox state of the intestinal
lesion and the severity of clinical manifestations in UC and CD.

In our in vivo experiment described below, we aimed to
investigate the aspects of FRO in the large intestine and the
relationship between FRO and the clinical manifestations of UC
and CD.

METHODS

The experiment was conducted in 35 male Wistar rats weighing
200-230 g. The animals were randomized into 3 groups: group 1
served as the intact control (n = 7); group 2 included animals
with CD (n = 14); group 3 consisted of rats with UC (n = 14). The

Table 1. Parameters assessed by DAI
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following procedure was applied to induce CD in the animals:
30 mg of 2,4,6-trinitrobenzenesulfonic acid (TNBS; Sigma-
Aldrich; USA) was dissolved in 150 ml of 50% ethanol; 0.2—
0.3 ml of the solution (depending on the animal’s weight) was
injected through a 2 mm polyurethane catheter (Sintez; Russia)
inserted rectally to a depth of 8 cm [14]. A two-step oxazolone-
based scheme was used to induce UC. In the first step, the
animals were sensitized with 150 pl of 3% alcohol solution of
oxazolone (Sigma-Aldrich; USA) applied onto the skin in the
interscapular region; in the second step, 150 pl of 3% alcohol
solution of oxazolone was rectally injected to a depth of 7-8 cm
[15]. Before the procedure, the animals were anesthetized with
20 mg/kg Zoletil 100 (tiletamine hydrochloride; Virbac Sante
Animale; France). CD and UC were evaluated based on the
clinical symptoms and the morphology of the intestinal lesion
on days 3 and 7. Symptoms were evaluated on a daily basis
using a modified disease activity index (DAIl) adapted to rats
[16, 17]. Parameters assessed by DAl and the corresponding
scores are provided in Table 1. Liquid stools were defined as
unformed fecal matter of mash-like or watery consistency.
Diarrhea was defined as passage of unformed stools more than
3 times a day. Rectal bleeding was defined as the presence
of fresh blood on the animal’s fur around the anus and in the
feces. The presence of occult blood in the feces was evaluated
using the benzidine test.

To prepare a sample of 10% intestinal mucosa homogenate,
the proximal colon was removed and placed in a cooled 0.1M
phosphate buffer solution (pH 7.4); then 100 mg of the tissue
was homogenized in a mechanical glass tissue grinder (1 : 10)
for 3 min at < 4 °C. These conditions were applied to obtain 1
ml of homogenized intestinal mucosa. Lipid peroxidation (LPO)
products contained in the homogenate were extracted in a
mixture of heptane and isopropanol and measured using an
SF-56 spectrophotometer (LOMO-Spectr; Saint-Petersburg)
following the technique proposed by Volchegorsky et al. [18,
19]. Absorbance of heptane and isopropanol extracts was
measured at 220 nm (isolated double bonds), 232 nm (diene
conjugates, DC), 278 nm (ketodienes, KD, and conjugated
trienes, CT), and 400 nm (Schiff bases, SB). The relative content
of LPO products was expressed in the units of oxidation indices
(UQI): E232/E220 (DC), E278/E220 (KD and CT) and E400/
E220 (SB). To quantify products of oxidative protein modification
(POM) in the homogenized tissue, carbonyl protein derivatives
were allowed to react with 2,4-dinitrophenylhydrazine (two

Parameter Score Description

0 No weight loss
1 1-5%

Body weight loss 2 6-10%
3 11-20%
4 Over 20%
0 Normal stool consistency

Stool consistency 2 Unformed stool
4 Diarrhea
0 No blood in feces
1 Positive benzidine test

Rectal bleeding
2 Positive benzidine test and visible blood in feces
4 Rectal bleeding, blood around anus
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types of oxidation were tested: spontaneous and catalyzed by
the Fenton reagent) and the resulting aldehyde/ketone DNPH
derivatives were spectrophotometrically measured in the UV
and visible regions of the spectrum [20, 21]. Measurement
results were expressed in absorbance units per 1 mg of the
protein (au/mg) and as percentage (%). Adaptive reserve
potential (ARP, %) was calculated as a ratio of spontaneous
oxidation products to induced oxidation products. The results
were processed in IBM SPSS Statistics 19 (SPSS: An IBM
Company; USA). The obtained values are presented below as
a median (Me) and an interquartile range [Q,-Q,]. Significance
of differences between the groups was assessed using the
Kruskal-Wallis, Mann-Whitney and Wald-Wolfowitz tests.
Correlations between the studied parameters were evaluated
using Spearmen’s rank correlation test. The differences were
considered significant at p < 0.05.

RESULTS

On day 3 of the experiment, the animals with experimentally
induced CD started exhibiting the following symptoms:
frequent defecation, changes in stool consistency and blood
in feces. On day 7, the symptoms deteriorated and were now
accompanied by weight loss; those changes were reflected in
the heightened DAI scores, as shown in Table 2. In addition,
the animals became less active. On day 7, the DAl scores were
significantly higher than on day 3 (p < 0.05). Changes were also
observed in the amount of LPO products in the lipid extract
from the homogenized intestinal mucosa (Table 3). On day 3,
there was an increase in the amount of primary and secondary
LPO products in the heptane phase and primary, secondary
and end LPO products in the isopropanol phase. On day 7,
there was an increase in the amount of primary, secondary and
end LPO products in both heptane and isopropanol phases.
Thus, the primary and end products of lipid peroxidation were
building up between days 3 and 7 in the animals with CD,
as seen from the isopropanol extracts (p < 0.01). In the next
step, we quantified products of spontaneous and stimulated
oxidative protein modification in the homogenates of large
bowel tissue (Table 3).

We found that the total amount of carbonyl protein derivatives
was elevated on days 3 and 7 of observation. Carbonyl protein
derivatives are irreversible products of oxidative stress. They
are formed when a number of amino acid residues undergo
oxidation and also when lipid peroxidation products interact
with reducing sugars. The total amount of POM products was
higher on day 7 than on day 3 (p < 0.01). When analyzing their
relative content in the animals with CD, we discovered that on
day 7 the share of primary products (aldehydes) shrank while
the proportion of secondary products (ketones) increased.
As neutral carbonyl derivatives absorb in the UV spectrum,
whereas basic carbonyl derivatives absorb in the visible light
region, the analysis of cumulative absorption in the UV and
visible regions of the spectrum can shed light on the nature
of POM products and their accumulation dynamics. On day 3,
the proportion of neutral and basic POM products did not
differ between the animals with CD and the intact group. On

Table 2. Disease activity index in rats with UC and CD (Me (Q,,-Q,,))

day 7, there was a shift towards accumulation of basic POM
products, signaled by a decline in their total relative content in
the UV spectrum and an increase in their total relative content
in the visible region.

The adaptive reserve potential was estimated by calculating
the total amount of POM products generated by spontaneous
and stimulated oxidation. Briefly, protein oxidation in the
intestinal mucosa homogenate was catalyzed by adding Fe**
and H,0, to the reaction mix; the reaction yielded a highly
reactive OH" radical. We found that the total amount of POM
products yielded by stimulated oxidation was elevated on days
3 and 7 of the experiment in the animals with experimentally
induced CD. On day 3, the proportion of primary and secondary
POM products (both basic and neutral) did not differ from
that in the intact animals; on day 7, the proportion of neutral
aldehydes decreased and the proportion of basic ketones
went up. So, changes in POM characteristics were similar for
both spontaneous and stimulated oxidation modes. The total
adaptive reserve potential was significantly increased on day
3 of the experiment and did not differ from that in the intact
group on day 7. This phenomenon can be explained by the
enhancement of the adaptive reserve potential of aldehyde/
ketone DNPH derivatives registered in the UV and visible light
regions; however, ketone DNPH derivatives registered in the
visible light region were the biggest contributor.

On day 3, the following symptoms were observed in the
animals with UC: body weight loss, frequent defecation, loose
stools, visible blood in feces, positive benzidine tests. On day 7,
the symptoms deteriorated, as reflected in the heightened DAI
scores (Table 2). The DAl scores were significantly higher on day
7 than on day 3 (p < 0.05). On day 3, primary, secondary and
end products of lipid peroxidation were significantly elevated in
the heptane and isopropanol phases in this group of animals
(Table 3). Similarly, primary, secondary and end products of
lipid peroxidation were significantly elevated in the heptane and
isopropanol phases on day 7. Thus, primary and secondary
LPO products were declining in the isopropanol phase between
the days 3 and 7 in the animals with experimentally induced UC
(o <0.01).

In this group of animals, the total content of POM products
yielded by stimulated oxidation was significantly increased on
days 3 and 7 of the experiment (Table 3). On days 3 and 7, the
share of aldehyde DNPH derivatives shrank, whereas the share
of ketone DNPH derivatives went up. On day 7, the relative
amount of basic carbonyl derivatives was increased, in contrast
to the reduced share of neutral carbonyl derivatives (this was
inferred from an increase in the total relative content of POM
products in the visible light region and their low total relative
content in the UV region). The total amount of POM products
yielded by stimulated oxidation was elevated on days 3 and 7.
The share of aldehyde DNPH derivatives decreased whereas
the share of ketone DNPH derivatives increased on days 3
and 7. The total relative content of POM products registered
in the visible light spectrum was significantly elevated on day 3,
suggesting a shift towards formation of basic aldehyde and
ketone DNPH derivatives. The total adaptive reserve potential
was significantly reduced on days 3 and 7.

Day 3 Day 7
Group 1 Y Y
Parameter Intact :jnlmals Group 2 Group 3 Group 2 Group 3
(n=7) CD(n=7) Uc (n=7) CD(n=7) Uc (n=7)
DAl, a.u. 0 7 (3.00-7.00)* 7 (3.00-7.00)* 11 (11.00-11.00)* 11 (9.00-11.00)*
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The correlation analysis established correlations between
DAl scores (the integral indicator of the clinical status) and the
amounts of LPO/POM products in the homogenized intestinal
mucosa of the large bowel (Table 4). On day 3, there were
moderate correlations in the CD group between DAI scores
and the amount of secondary LPO products in the heptane
and isopropanol phases, as well as the total amount of POM
products yielded by spontaneous oxidation. In the UC group,
DAl scores were strongly correlated with the amount of
secondary LPO products in the heptane phase, primary and
secondary LPO products in the isopropanol phase, and the
total amount of POM products yielded by spontaneous and
stimulated oxidation. On day 7, DAl scores correlated with the
amount of primary LPO products in the heptane phase, primary,
secondary and end LPO products in the isopropanol phase,
and the total amount of POM products yielded by spontaneous
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and stimulated oxidation; for UC, DAI scores were strongly
correlated with the amount of primary and end LPO products in
the heptane phase, primary, secondary and end LPO products
in the isopropanol phase, and the total amount of POM
products yielded by spontaneous and stimulated oxidation.
The largest number of strong correlations was observed for
UC: 10 out of 12 correlations were strong; by contrast, only 1
of 9 correlations established in the CD group was strong.

DISCUSSION

In our experiment, clinical manifestations of experimentally
induced CD and UC were consistent with the actual symptoms
and signs of these diseases, suggesting that the proposed
TNBS and oxazolone-based animal models can be used to
study the pathogenesis of homeostatic changes characteristic

Table 3. Markers of free radical oxidation in the homogenate of large intestinal mucosa of rats with CD and UC (Me (Q,.-Q,,))

Group 1 Day 3 Day 7
Parameter Intact animals Group 2 Group 3 Group 2 Group 3
(n=7) CD(n=7) UC(n=7) CD (n=7) UC (n=7)
0.63 0.79 0.79 0.75 0.76
DC (h), UOI
(0.55-0.65) (0.79-0.81)* (0.75-0.81)* (0.74-0.81)* (0.75-0.77)*
0.06 0.09 0.08 0.07 0.09
KD and CT (h), UOI
(0.05-0.06) (0.06-0.09)* (0.07-0.08)* (0.06-0.09) (0.09-0.11)*#
0.01 0.01 0.03 0.03 0.05
SB (h), UOI
(0.01-0.02) (0.01-0.01) (0.02-0.04)*# (0.03-0.04)* (0.04-0.06)*#
0.34 0.38 0.38 0.43 0.43
DC (i), UOI
(0.32-0.36) (0.38-0.45) (0.33-0.43) (0.41-0.45)* (0.43-0.45)
0.31 0.61 0.72 0.51 0.58
KD and CT (j) UOI
(0.29-0.32) (0.61-0.71)* (0.56-0.91)*# (0.51-0.55)* (0.57-0.59)*#
0.01 0.08 0.07 0.14 0.11
SB (i), UOI
(0.01-0.02) (0.08-0.11)* (0.07-0.09) (0.12-0.14) (0.11-0.14)*
141.86 324.21 194.91 392.31 343.48
S POM spont., a.u./mg
(136.04-166.74) (313.48-340.93)* (182.07-201.07)*# (272.17-497.71)* (332.13-358.22)*#
Aldehyde DNPH 93.71 92.59 91.79 89.13 90.71
derivatives, % (93.69-93.71) (91.61-93.41) (91.48-91.98)* (88.99-90.02)* (90.69-90.71)*
Ketone DNPH 6.29 7.41 8.51 11.02 10.58
derivatives, % (6.09-6.31) (6.59-8.38) (8.21-9.44)# (10.93-11.12)* (10.31-11.34)*
96.57 95.57 95.32 92.88 94.58
uv spont., %
(96.41-96.58) (95.27-96.01) (95.29-95.74) (92.72-93.59)* (94.23-95.21)#
3.42 4.42 4.71 7.11 5.76
vs spont., %
(3.41-3.59) (8.99-4.72) (4.67-5.85) (6.41-7.27)* (5.41-6.77)"#
S POM stim., 266.76 380.93 321.71 662.05 544.66
a.u./mg (256.21-280.81) (373.56-427.51)* (284.89-377.77)'# (643.29-690.09)* (479.92-600.42)"#
Aldehyde DNPH 86.94 89.34 83.13 81.15 83.07
derivatives
stim., % (85.98-88.02) (89.03-90.07) (82.89-85.89)"# (81.01-83.48)" (82.62-87.41)*
Ketone DNPH 13.05 10.65 16.86 18.84 16.92
derivatives
stim., % (11.97-14.01) (9.92-10.96) (14.11-17.11)# (16.51-18.99)* (12.58-17.37)*
w, 88.99 91.91 85.67 84.52 86.13
stim., % (88.99-90.83) (91.27-92.31) (85.44-85.44)*# (83.91-86.37)" (85.01-89.91)
vs 11.01 8.09 14.32 15.47 13.89
stim., % (9.16-11.01) (7.69-8.72) (12.19-14.55)"# (13.62-16.08)* (10.09-14.98)
54.71 80.25 49.51 57.15 42.31
ARP, %
(51.53-56.71) (74.89-87.87)" (46.77-51.14)# (50.11-59.71) (28.17-47.78)"#

Note: * — difference is significant (p < 0.01) relative to group 1, # — relative to group 2. The listed parameters reflect the content of LPO products in the heptane (g)
and isopropanol () phases of the lipid extract from the mucosal homogenate of the large intestine
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of these conditions. On average, the rats did not lose more
than 10% of their body weight. Such weight loss is traditionally
associated with diarrhea and systemic inflammatory response
and more specifically with the anorexigenic effect of some
proinflammatory cytokines [22]. It is thought that TNBS acts as
a hapten and, if administered rectally, induces a Th1 immune
response, which involves proinflammatory cytokines and some
mediators, against hapten-modified autologous proteins/
luminal antigens or against intestinal microbiota proteins,
causing transmural infiltration by leukocytes and inflammation
[23-25]. Oxazolone is also seen as a hapten that mediates
a Th2 immune response typical to UC, and the majority of
researchers prefer it as the most popular agent for modeling UC
in rats [26]. The 50% ethyl alcohol solution used as a solvent
for TNBS and oxazolone aggravates damage to the mucosa of
the large bowel [27].

Experimental CD and UC are characterized not only
by weight loss, frequent defecation and changes to stool
consistency but also by the presence of blood in feces and the
accumulation of LPO products in the large bowel mucosa. In
our experiment, accumulation of LPO products was observed
in the isopropanol phase, which primarily accumulates
phospholipids of cell membranes, and in the heptane phase
(in triglycerides). Besides, there was accumulation of POM
products, mainly secondary basic ketone DNPH derivatives,
following spontaneous and stimulated oxidation. This led us
to hypothesize that combined effects of OH" and O," cause
accumulation of late markers of oxidative protein destruction and
protein fragmentation [20, 28, 29]. Protein fragments are highly
resistant to proteolysis, very toxic and can trigger apoptosis or
necrosis, expanding the area of secondary alterations [30]. We
have identified a few specific aspects of FRO occurring in the
large bowel affected by CD and UC that are related to oxidative
destruction of lipids and proteins. Firstly, comparative analysis
reveals that the amount of end LPO products in the heptane
phase and secondary products in the isopropanol phase
measured on day 3 of the experiment, as well as the amount
of end and secondary LPO products in the heptane phase and
secondary LPO products in the isopropanol phase measured
on day 7, was significantly higher in rats with UC (Table 3).
Secondly, comparison of POM products in the homogenized
mucosa of the large bowel demonstrates that the adaptive
reserve potential and the total content of POM products were
higher in the spontaneous and stimulated oxidation modes on

days 3 and 7. Besides, in the CD group, as opposed to the UC
group, basic primary POM products yielded by spontaneous
and stimulated oxidation prevailed on day 3 of observation;
on day 7, basic POM products prevailed in the spontaneous
oxidation mode.

We think that escalation of oxidative stress resulting from
production of ROS by activated neutrophils, monocytes/
macrophages and endothelial cells in the primary lesion in
a situation when the enzymes responsible for antioxidant
defense are insufficiently active/scarce increases damage,
dysfunction and death of large bowel cells, expands the area of
secondary alteration and causes exacerbation of symptoms in
patients with CD and UC. This conclusion is supported by the
discovered correlations between DAl scores and the amount of
LPO/POM products in the homogenized large bowel mucosa
of rats with induced UC and CD.

CONCLUSIONS

We found that on days 3 and 7 of TNBS-induced CD and
oxazolone-induced UC, DAl scores, the amount of primary,
secondary and end LPO products in the heptane and
isopropanol phases of homogenized intestinal mucosa and
the total amount of POM products were increased. In UG,
the proportion of secondary basic POM products increased
on day 7. In the setting of UC, FRO was characterized by
the accumulation of mostly LPO products, in contrast to CD
characterized by the accumulation of mostly POM products.
In UC, end LPO products were accumulated in the heptane
phase of the lipid extract, whereas secondary products, in the
isopropanol phase. CD was characterized by the accumulation
of mostly secondary basic POM products. In CD and UC, there
was a correlation between DAl scores and the amount of LPO
products in the isopropanol phase, as well as the amount of
POM products generated by spontaneous oxidation. The
highest number of strong correlations was observed for UC.
These findings broaden our knowledge about the role of redox
state changes in the pathogenesis of inflammatory bowel
diseases and encourage further research into FRO affecting
the large bowel of patients with CD and UC. LPO and POM
products should be investigated in the clinical setting as
potential diagnostic markers of the disease and indicators of
the efficacy of treatment aimed at reversing exacerbations and
prolonging remission.

Table 4. Correlations between DAl scores (c.u.) and FRO in rats with experimentally induced UC and CD

Day 3 Day 7

Parameter Group 2 Group 3 Group 2 Group 3
CD(n=7) UC (n=7) CD(n=7) UC (n=7)

DC (h), UOI R=0.15 R=0.58 R=0.43 R=0.72
KD and CT (h), UOI R=0.51 R=0.82 R=0.32 R=0.66
SB (h), UOL. R=0.13 R=0.17 R=0.43 R=0.88
DC (i), UOI R=0.27 R=0.75 R=0.51 R=0.92
KD and CT (i), UOI R=0.64 R=0.76 R=0.51 R=0.88
SB (I), UOI R=0.32 R=0.31 R=0.67 R=0.72
S POM spont., a.u./mg R=0.69 R=0.77 R=0.83 R=0.89
S POM stim., a.u./mg R=0.41 R=0.85 R=0.63 R=0.81

Note: significant correlations (o < 0.05) are shown in bold.
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DIAGNOSIS AND TREATMENT OF ACUTE SURGICAL DISEASES IN PATIENTS WITH COVID-19
Vechyorko VI, Anosov VD, Silaev BV &
Municipal Clinical Hospital Ne 15 named after O. M. Filatov, Moscow, Russia

Emergency surgery in the infectious diseases hospital is an urgent problem during the COVID-19 pandemic. Municipal Clinical Hospital No.15 named after O. M.
Filatov has been providing emergency surgical care after conversion, from March 27, 2020 until now. The hospital’s medical staff has built up extensive experience: 194
surgical procedures were carried out in April, and 289 surgical procedures were carried out in May 2020. The paper reports the experience of emergency surgery
at the stage of conversion to an infectious diseases hospital. Among all hospitalized patients, 482 (5.29%) people had acute surgical pathology requiring emergency
surgery. Among patients who underwent urgent surgery, 472 (98%) people had the caused by COVID-19 community-acquired pneumonia of various degrees of
severity. The paper discusses some features of acute surgical pathology and complications identified in patients with COVID-19. The surgical care features in the
hospital after conversion are proper epidemiological regime implementation, minimization of the number of staff in the operating room, possible minimization of the
number and reduction of the duration of surgical procedures. The most important challenge during the COVID-19 pandemic is medical staff safety.
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mesenteric thrombosis
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OVNATHOCTUKA U TIEMEHUE OCTPbIX XUPYPITMYECKUX 3ABOJIEBAHUN Y NMAUMEHTOB C COVID-19
B. /. Beuopko, B. [. AHocos, B. B. Cunaes &

lopoackas knnHudeckasi 6onbHMLa Ne 15 nmern O. M. dunatosa, Mocksa, Poccuist

OKCTPEHHas XMPYPrmHecKast MOMOLL B YCIIOBUSIX MHIDEKLIMOHHOTO CTauMoHapa — akTyasnbHas npobnema Bo Bpems NaHAEMIN HOBOW KOPOHaBUPYCHON MHADEKLN
COVID-19. Topoackas knuHndeckasa 6onbHMLa Ne 15 nvern O. M. drnatosa 0kasblBaeT SKCTPEHHYIO XUPYPIMHECKYHO MOMOLL B YCIOBUSX NepenpoduMpoBaHis
¢ 27 mapTa 2020 r. no HacTosiee Bpems. CrieupanicTamyt 60MbHMLBI HakomnieH 60sbLLIOK NpakTUieckuii onbiT: B anpene 2020 r. BbinonHeHo 194, a B Mae —
289 onepatvBHbIx Nocobuin. B cTaTbe NpeacTaBneH onbiT paboTbl AKCTPEHHOW XVPYPIUMHECKON CRy>XObl Ha 3Tane nepenpomuIMpPOBaHsS B MH(EKLMOHHDIA
cTaumoHap. Cpeau BCEX rOCMUTaIM3NPOBaHHbIX MaumeHTos 482 (5,29%) Menn OCTPYIO XMPYPrUHECKyHO NaTosoro, NOTPeboBaBLLYIO SKCTPEHHOO ONepaTyBHOMO
BMeLLaTenbcTaa. Y 472 (98%) aKCTPEHHO NMPOONepnpOoBaHHbIX MaLMeHToB NpucyTcTeoBana BbidsaHHas COVID-19 BHeOONbHNYHAS MHEBMOHWS Pa3HOM CTEMneHu
TSKECTW. B cTaTbe paccMOTPeHb! HEKOTOPble OCOOEHHOCTN OCTPOW XMPYPrMHYeCKOM NaTonorum 1 OCNoXHEeHUs, BCTpedatoLmecs y nauveHtos ¢ COVID-19.
OCOBEHHOCTH XMPYPIMHECKOM MOMOLLW B MEPEnpPOMUINPOBAHHOM CTaLWOHape — 3TO CTPOroe COBSOAEHVE AMMAEMUONIOTNHECKOrO PEXVMA, MUHMM3ALMS
YMCNIEHHOCTV MepcoHana B OnepaLyVoHHON, BO3MOXHAA MUHVMU3ALMS Yrcna onepaTyBHbIX MOCOBUIA 1 CoKpalleHve nx AnutensHocTn. Havbonee BakHoi
3apadelt B ycnousix naHaemun COVID-19 asnsieTcs 6e3onacHOCTbL nepcoHana.

KnioyeBble cnoBa: ocTpast Xvpyprisyeckas natonorvisi, MEPUTOHUT, OCTPas KMLLEYHast HEMPOXOAMMOCTb, KDOBOTEHEHE, OCTPbIN anneHavUMT, OCTPbINA Xoneum-
CTUT, FPbPKK, OCTPbIA NaHkpeaTnt, COVID-19, Me3eHTepransHbIn TPoMO03

Bknap aBTOpOB: BCe aBTOPbI BHEC/M PaBHbI BKIaZ, B MIaHWPOBaHVe UCCAeLoBaHVs, OpraHmn3aLmio paboThl cTaumoHapa, coop 1 06obLLeHre matepuana, a
TakXXe HanmcaHue ctatby.

CobniofeHne 3THECKNX CTaH[APTOB: BCE NaLVIeHTbl MOANMCany cornacue Ha o6paboTKy NepCoHasTbHbIX AaHHbIX, & TakKe Cornacyvie Ha OnepaTnBHOE fieyeHe.
B cnyyae HEBO3MOXXHOCTU MOMyHeHVst MHOPMMPOBAHHOMO COrNacus NauueHTa BBUAY TSHKECTU ero COCTOSIHUS, B COOTBETCTBUM C TPEOOBAHUSAMN STUHECKOTO
KOMUTETA U AENCTBYIOLLMX HOPMATUBHbIX aKTOB Obln OPOPMIIEH KOHCUAMYM.
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The coronavirus infection outbreak in 2019 (COVID-19) posed
a serious challenge to the global community [1]. Introduction of
the self-isolation and social distance regime all over the world
led to the incidence rate decrease. However, it is too early to
talk about full control over the situation.

During the pandemic, the burden on surgical services has
increased significantly [2-5]. The world surgical communities
(Society of American Gastrointestinal and Endoscopic
Surgeons (SAGES) [6, 7], American College of Surgeons
[8], Royal College of Surgeons of England [9]), together
with Russian communities of surgeons [10], urologists and
obstetrician-gynecologists have published the joint guidelines
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on the surgical service management under the new conditions
[10, 11]. The framework of the “Temporary Guidelines” aimed,
firstly, at preventing the medical staff infection, and, secondly,
at developing principles for the provision of medical care to
the infected patients, which cannot be postponed until the
pandemic ends up. The “Temporary Guidelines” are as follows:

— all planned surgical procedures, manipulations and
studies should be postponed;

— when conducting emergency medical procedures, the
possibility of medical staff infection should be considered,
therefore, the amount of intervention should be minimized;

— minimum number of personnel should be involved in the
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treatment process; the full advantage should be made of remote
communication between the medical staff and the patient, as
well as of the remote medical specialists’ consultations;

— surgical service is quite likely to experience the shortage
of personnel, as surgeons may be called upon to provide
medical care to patients in the infectious diseases hospitals.

The study was aimed to report the results of diagnosis
and treatment of acute surgical diseases during the COVID-19
pandemic.

METHODS

Since March 27, 2020, after conversion to the infectious
diseases hospital which took about five days, the Municipal
Clinical Hospital Ne 15 named after O. M. Filatov started to
provide medical care to patients with COVID-19.

In a short time, a gateway was built with channels for
entry, staff changing in protective clothing, and leaving the “red
zone”.

The surgical service staff number was reduced to the
minimum, since most doctors of all specialties, including
surgeons, were called upon to provide medical care to patients
with COVID-19. The planned surgical procedures were
cancelled. Along with patients with an infection, hospitalization
of patients with acute surgical diseases, injuries, acute
urological and gynecological pathology against the background
of COVID-19 began.

Despite the problems, the high quality emergency surgical
care had to be provided to all patients in a timely manner. For
that purpose, compliance to the following was fundamental:

a) proper patient routing;

b) selection of the sufficient (usually minimum) volume of
surgical procedure;

¢) creation of the safe working environment for the operating
room team.

To date, the experience gained by countries which have
already faced a new infection has made it possible to develop
principles for carrying out surgical procedures during COVID-19
pandemic. These principles have been implemented in the
Municipal Clinical Hospital Ne 15:

— the operating suite ventilation mode should be changed:
air extraction should take precedence over the air inflow, and
the negative pressure should be created in the operating room;

—all operating room team members enter the operating suite
wearing the personal protective equipment (PPE): protection
suit, bouffant cap, safety glasses or plastic face shield, shoe
covers, latex gloves and respirator;

— in addition to PPE, surgeons and operating room nurses
wear disposable sterile operating clothing and sterile gloves;

— the patient is provided with disposable bouffant cap and
disposable surgical mask;

— optimal temperature and humidity should be maintained in

Table 1. Patient age distribution

the operating room (given that operating room team members
are wearing a double outfit);

— maximum use of disposable surgical instruments;

— only the operating room team members stay in the
operating room; during the surgical procedure, the doors of the
supportive units and operating rooms are closed tightly;

— the nurse on duty responsible for the delivery of the
instruments stays in supportive unit;

— intercom is used for communication between operating
room and supportive units.

All surgical procedures were carried out by the pre-trained
and instructed personnel in accordance with the epidemiological
regime and the rules of aseptics and antiseptics.

The total of 482 patients underwent surgery in the Municipal
Clinical Hospital Ne 15 from April 1 to May 23, 2020, which
made up 5.29% of the total number of all hospitalized patients.
Among patients with surgical diseases, there were 226 men
(46.8%) and 256 women (53.2%), the average age was
57.2 £ 6.9 (Table 1).

In 436 patients (90.4%), the coronavirus infection was
confirmed by the laboratory test results (nasopharyngeal swab,
PCR). In other 46 patients (9.6%), the coronavirus infection had no
laboratory confirmation, however, all the patients demonstrated
clinical manifestations of highly probable viral pneumonia.

Highly probable viral pneumonia of varying severity was
identified in 472 patients (97.9%). The patient distribution
according to pneumonia severity is presented in Table 2.

Inclusion criteria: patients of both genders, of any age, with
new coronavirus infection COVID-19 confirmed by PCR, and
acute surgical disease, requiring emergency surgery. Exclusion
criteria: no COVID-19 confirmation in patients of both genders.

Statistical processing was performed by standard methods
using the Microsoft Excel application (Microsoft; USA).

RESULTS

The categories and number of surgical procedures performed
in the hospital from April 1 to May 23, 2020 are listed in Table 3.

Of all operated patients, only 32 (6.6%) were placed in the
intensive care units. The others were transferred to the ward
from the operating room immediately after waking up.

DISCUSSION

Based on the data obtained, it is necessary to discuss the
diagnosis and treatment of some acute surgical diseases in
the context of conversion to the infectious diseases hospital for
patients with COVID-19.

Prior to conversion to the infectious diseases hospital,
the diagnostically “obscure” patients with suspected acute
appendicitis were prescribed multislice spiral computed
tomography (MSCT), but in the context of overburdened

Age Number of patients % of patients’ total number
18-44 years 107 22.3
44-60 years 192 39.9
60-75 years 104 21.5
75-90 years 73 15.1
> 90 years 6 1.2
Total: 482 100
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CT-rooms the exploratory laparoscopy started to be used more
often. Thus, of 36 patients with suspected acute appendicitis, the
diagnosis was confirmed by exploratory laparoscopy in 28 people.

Some papers suggest upfront surgery instead of
laparoscopy since it is believed that laparoscopic procedures
increase the risk of medical staff infection [7, 8]. Other specialists
perform laparoscopic appendectomy even in patients with
viral pneumonia [12]. We decided not to change the usual
surgical tactics. The total of 27 laparoscopic appendectomies
was performed after the conversion to the infectious diseases
hospital. The average duration of the procedure was 44.7
min (for reference, the average duration of 25 laparoscopic
appendectomies performed in January—February 2020 was
42.4 min). In one patient, we used laparotomy, and performed
the open appendectomy. No complications were observed
during the postoperative period.

In the literature, different approaches to the treatment of
acute cholecystitis in patients with somatic comorbidities are
discussed [6, 7, 13]. During the described period, 16 patients
with acute calculous cholecystitis were treated in the hospital.
Nine of them received the effective non-surgical treatment,
in 6 patients laparoscopic cholecystectomy was performed.
Six patients had acute cholecystitis contributed to by viral
pneumonia with CT-3-4 score of lung parenchymal lesion.
These patients underwent the US-guided biliary drainage. The
postoperative period was uneventful, the cholecystostomy
tube was removed in 9-18 days after surgery.

Twelve patients with acute destructive pancreatitis were
treated. The diagnosis was confirmed by MSCT, the US-guided
percutaneous drainage of fluid was carried out. One patient
diagnosed with destructive pancreatitis and severe (CT-4) viral
pneumonia died.

Nine patients underwent surgery due to acute bowel
obstruction contributed to by viral pneumonia (lung
parenchymal lesion score CT-3-4). In 5 patients, the obstruction
was associated with adhesions, therefore, the dissection of
adhesions was carried out (in 2 patients it was performed by
laparoscopy). In 4 patients, the obstruction was associated with
the sigmoid and rectum tumor. Two of these patients underwent
the sigmoid resection with colostomy due to the signs of tumor
perforation, the other 2 patients underwent the double-barrel
colostomy. Two patients with severe viral pneumonia (CT-3-4)
and comorbidities died during the early postoperative period.

Three patients underwent surgery due to strangulated
hernias. The 1%t patient had strangulated inguinal hernia
(herniorrhaphy was performed successfully followed by
recovery), the 2" female patient had giant ventral hernia with
multiple comorbidities (herniorrhaphy was performed followed
by the patient’s death due to the comorbidities’ severity), the 3rd
female patient had diaphragmatic hernia on the 3 day after the
cesarean section. The patient underwent laparotomy, reduction
of the stomach into the abdominal cavity and diaphragm defect
closure. Postoperative course was uneventful, the patient was
discharged from the hospital.

Table 2. Patient distribution according to pneumonia severity
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After conversion to an infectious diseases hospital,
3 patients underwent surgery due to perforated ulcer of
stomach or duodenum. In all patients, the open suture of
ulcers was carried out. One 92-year old female patient had
diffuse peritonitis, the ulcer suture failure occurred during the
postoperative period. Two relaparotomies were performed, the
patient died on the 8" day after hospitalization.

The total of 34 patients had ulcers of stomach or
duodenum complicated with bleeding. Emergency
fibrogastroduodenoscopy (FEGDS) in patients with COVID-19
has an inherent risk of the endoscopy team infection, therefore,
some experts recommend performing it only on special
indications within 24 hours from the patient’s hospitalization (7,
14]. Our patients underwent emergency FEGDS during the first
3 hours after hospitalization. Primary hemostasis was achieved
during the endoscopic examination, however, the recurrent
bleeding occurred in 12 patients. The repeated endoscopic
hemostasis was effective in 11 of them. One patient underwent
emergency surgery due to relapse: laparotomy, duodenotomy,
suture repair of bleeding ulcer making full recovery.

Almost simultaneous hospitalization of 2 patients with
spontaneous spleen rupture of the may be considered the
feature of the described period. Of the disease symptoms,
the patients complained of pain in the left half of the chest
when coughing. In both patients the diagnosis was verified
by ultrasonography. The patients’ subcapsular hematomas
volume was 55 and 120 ml. We selected the conservative “wait-
and-see” approach. On the 1%t day, no negative dynamics were
detected, and on the 2™ day the hematoma volume increase
to 150 and 220 ml respectively was observed with a strip of
free fluid in the abdominal cavity. Both patients underwent
splenectomy followed by full recovery.

Two patients hospitalized with severe pneumonia (CT-
3-4) were supported by mechanical ventilation. They had
pneumoperitoneum and pneumomediastinum. The surgeon
on duty suspected perforation of the hollow organ, but no
abdominal lesions were found during surgery. Both patients
died due to increasing acute respiratory distress and multiple
organ failure. The described cases require further analysis and
evaluation.

Patients with mesenteric thrombosis should be discussed
specifically. Even in normal conditions, the mortality in this
group exceeds 75% [15]. The discussed group included 8
patients with mesenteric thrombosis. Four patients were
hospitalized with symptoms of peritonitis. The total necrosis of
small bowel and right side of the colon was detected during the
emergency surgical procedure. Four patients underwent superior
mesenteric artery thrombectomy with resection of small bowel.
One patient underwent endovascular thrombectomy. However,
despite anticoagulation with therapeutic dose, all patients had
retrombosis, necrosis of the remaining part of the small bowel
during the early postoperative period, and died.

The data obtained indicated a significant increase in the
number of emergency and urgent surgical interventions in May

Pneumonia severity

Number of patients

% of patients’ total number

COVID-19 with no pneumonia 10 2

Pneumonia CT-1 118 245
Pneumonia CT-2 228 47.4
Pneumonia CT-3 85 17.6
Pneumonia CT-4 41 8.5
Total: 482 100
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Table 3. Surgical procedures carried out in the Municipal Clinical Hospital Ne 15 after conversion to infectious diseases hospital for patients with COVID-19

Procedures
Surgical procedures April 2020 May 2020 number

increase, %

General surgery

Appendectomy 9 19

Amputation (toes, lower leg, thigh) 14 25

Sigmoid colectomy in patients with perotonitis 3 1

Laparotomy, superior mesenteric artery thromboembolectomy in patients with mesenteric arterial thrombosis 2 2

Adhesiolysis in patients with acute bowel obstruction 3 2

Splenectomy 2 1

Laparoscopic cholecystectomy 0 6

Microcholecystostomy 2 4

Strangulated hernia surgery 0 2

Perforated ulcer suturing 0 2

Percutaneous transhepatic biliary drainage (PTCD) 1 0

Endoscopic retrograde papillotomy 5 5

Phlegmon lancing 14 24

TOTAL: 55 93 69.09

Cardiovascular surgery

Coronary angioplasty 13 21

Lower extremity arterial thrombectomy 12 21

Inferior Vena Cava (IVC) filter placement 1 3

Arteriovenous fistula formation 1 5

Aortic prosthetic reconstruction 1 0

Pacemaker insertion 0 4

Coronary artery bypass grafting (CABG) 0 1

Valve replacement surgery 0 2

Stenting in the leg arteries 0 2

Vascular catheter insertion 6 4

TOTAL: 34 63 85.29

Trauma surgery

Osteosynthesis 8 15

Transpedicular fixation of the spine 0 1

Hip replacement in patients with fractures 0

TOTAL: 8 19 137.5

Neurosurgery

Cranial trepanation in patients with intracranial hematomas 0 6

TOTAL: 0 6

Urologic surgery

Nephrostomy 5 10

TOTAL: 5 10 100

Other procedures (exploratory laparoscopy, primary surgical treatment of wounds, 9 08

tracheostomy, thoracostomy, etc.)

TOTAL: 194 289 48.96

2020 compared to April 2020. In April 2020, mainly patients
with viral pneumonia caused by COVID-19 were hospitalized
to the clinic, and only a few of them had emergency surgical
diseases. The situation changed in May 2020. Due to opening
of a number of other large clinics in Moscow for treatment of
patients with COVID-19, the Municipal Clinical Hospital Ne 15
named after O. M. Filatov started to admit patients with acute
surgical diseases contributed to by COVID-19.

The built up experience allows us to state that there are
no fundamental changes in the management of patients with
acute surgical diseases. However, in patients diagnosed with

acute surgical disease contributed to by COVID-19 and viral
pneumonia of varying severity, it is necessary to consider
the increased risk of both bacterial and thromboembolic
complications.

Based on the incomplete two months of work, it is difficult
to draw conclusions about the features of the acute surgical
disease course contributed to by viral pneumonia. However,
it is obvious that at the peak of the COVID-19 incidence the
correct management of surgical care in the infectious diseases
hospital for patients with the new coronavirus infection makes
it possible to establish balance between reducing the volume
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of surgical care to the emergency level on the one hand and
reducing the risk of infection of medical staff on the other hand.

CONCLUSION

In patient with acute surgical disease contributed to by COVID-19
and viral pneumonia of varying severity, the increased risk of
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STRUCTURE OF ANXIETY ASSOCIATED WITH COVID-19 PANDEMIC: THE ONLINE SURVEY RESULTS
Sorokin MYu'®™, Kasyanov ED', Rukavishnikov GV', Makarevich OV', Neznanov NG'?, Lutova NB', Mazo GE!

" V.M. Bekhterev National Medical Research Center for Psychiatry and Neurology, Saint-Petersburg, Russia
2 Pavlov First Saint Petersburg State Medical University, Saint-Petersburg, Russia

The COVID-19 pandemic imposed not only serious threats to the physical health of the population, but also provoked a wide range of psychological problems.
The study was aimed to define the structure of anxiety in the population during the epidemic period, as well as to identify the most vulnerable social groups
(including individuals with affective disorders) which were most in need of psychological and/or psychiatric help. The online survey of 1957 Russian-speaking
respondents aged over 18 was carried out from March 30 to April 5, 2020. The anxiety distress level was verified using the Psychological Stress Measure (PSM-25),
the stigmatization of individuals experiencing respiratory symptoms was assessed using the modified Perceived Devaluation-Discrimination Questionnaire (PDD;
Cronbach's a = 0.707). In 99.8% of respondents, the combination of various concerns associated with COVID-19 was observed, the mean psychological stress
score was increased to moderate level (score 104.9 + 34.4), and the stigmatization score exceeded the whole sample median value (19.5+3.4; Me = 17). About
35% of respondents had concerns associated with anxiety distress (Cohen’s d = 0.16-0.39): these were the "risk of social isolation" and the "possible lack of
medication for daily use". The following groups of respondents were the most susceptible to the stress: people with affective disorders, young people (aged <20),
unemployed persons, single persons, people with no formal education, and women. Thus, the broad sectors of the population need correction of anxiety distress
associated with the COVID-19 pandemic. Therefore, the measures’ implementation should be targeted, and in terms of coverage and content oriented to the
identified vulnerable social groups.

Keywords: coronavirus infection, pandemic, COVID-19, mental health, anxiety, affective disorders, associated stigma
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CTPYKTYPA TPEBOXXHbIX NEPEXXUBAHWUI, ACCOLIMMPOBAHHBIX C PACNIPOCTPAHEHUEM
COVID-19: IAHHbIE OHJIAMH-OMPOCA
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MaHgemust COVID-19 He Tonbko co3fana cepbesHble Yrposbl Ans dUan4eckoro 340poBbsi HACENeHUs, HO 1 Bbi3Basa LUMPOKMIA CNEKTP NCUXONOrMYeCcKImX
npobnem. Llenbto paboTbl 6bIN0 BbIABUTE CTPYKTYPY TPEBOXHbBIX MEPEXMBAHUIA HaceneHus B Mepuof dnuaeMnn u OnpefennTb Havbonee ysssuMble
coumanbHble rpynmbl (B TOM Y1CAe cpeamn N1l ¢ apeKTUBHbIMI PACCTPONCTBaMK), 60MbLLE BCErO HYXXAAOLLMECS B MCUXONOMMHECKON /U NCUXUATPUHECKON
nomoLn. Bbino NpoBeaeHo oHnanH-aHkeTUpoBaHne 1957 pyccKOroBOpsLLMX pecnoHgeHToB ctapwe 18 netT 8 nepuog ¢ 30 mapta no 5 anpens 2020 .
YpoBeEHb TPEBOXKHOIO AMCTPECCa BEPUMMLIMPOBaNM MO LKase NCyxonorndeckoro ctpecca (PSM-25), cturMataaumio nL, ¢ pecnvpaTopHbIM CUMATOMaMN —
no MOANMULIMPOBAHHOMY OMPOCHMKY obecLennBanns/anckpummnHaumm (PDD; Cronbach's a = 0,707). Y 99,8% pecnoHOeHTOB OOHapy>KeHO CO4YeTaHve
HECKOJIbKMX TUMOB TPEBOXHbIX MnepexxunsaHuii o COVID-19, nokasatenb ctpecca 6bin MOBbIWEH A0 YPOBHSA cpeaHelt uHTeHcmBHocT (104,9 + 34,4
6anna), a nokasaTenb CTUrMaT3aLuy NPeBoCcxoamn MeamaHHoe 3HaqeHne no Beibopke (19,5 + 3,4; Me = 17). [Jo 35% pecnoHOeHTOB UMeNn ornaceHus,
accouMmMpoBaHHbIe C TPEBOXHbIM ancTpeccom (Cohen’s d = 0,16-0,39): «pUCK N30AALMM» N «BOBMOXHOE OTCYTCTBME NEKAPCTB A1 eXKeQHEBHOrO npuemMas.
Ocob6eHHO NOABEPXKEHHBIMM MCKXOMOMMHYECKOMY CTPECCY Okadanmch cTpagarolime adpdeKTMBHbIMU PacCTPOoMCTBaMK, ina Monoaoro Bospacta (< 20 ner),
6e3paboTHble, XONOCTble/HE3aMY>KHME, HE VMEIOLLME BbICLLEro 06pasoBaHns M >KEHLUMHbI. TakvM 06pasoMm, LUMPOKWME COW HAaCEeNeHWs Hy>XOaloTcs B
KOPPEeKLMM ANCTPECCOBBIX OnaceHun Ha oHe naHaemu COVID-19, NoaToMy Mx NPOBEAEHVE AOMKHO OblTb aApPECHbIM, OPUEHTUPOBAHHBIM MO CTENEHN
oxBaTa 1 COLePKaHWo Ha BbISBNIEHHbIE YS3BMMbIE COLMaNbHble rpynmbl.
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First cases of a novel coronavirus infection, caused by the SARS-
CoV-2 coronavirus, (COVID-19 from COrona Vlrus Disease
2019) were detected in November 2019 [1]. The infection
spread quickly in Wuhan (the capital of the Chinese province
of Hubei), then throughout whole China, and later spread to
other countries including the Russian Federation leading to a
global public health emergency [2]. As early as March 11, 2020,
due to the high prevalence of COVID-19 cases, the World
Health Organization (WHO) announced the current situation as
a pandemic [3]. First patients with COVID-19 in the Russian
Federation were identified on January 31, 2020. In early April,
more than 5,000 Russians had confirmed diagnoses [4, 5].

The COVID-19 pandemic imposed serious threats
to people’s physical health and life. Moreover, the risk of
coronavirus infection caused a wide range of psychological
problems among the population of countries with a high
spread of viral infection, such as panic, anxiety, and depression
[6]. Since March 2020, many governments around the world
have introduced specific quarantine measures to limit the
spread of the virus and minimize the burden on healthcare
services. People over 65, individuals with comorbidities and
pregnant women were proposed to isolate themselves from
direct contact with other people for at least 12 weeks, and the
patients suspected of carrying coronavirus together with those
living with them were instructed to stay at home and isolate
themselves for at least 14 days [7].

Thus, the current situation involves a number of factors
significantly affecting the mental health of the population:

1) unprecedented, potentially life-threatening situation of
indefinite duration;

2) large-scale quarantine measures in all major cities, which
force the residents to stay at home;

3) undefined viral infection incubation period and its possible
transmission from asymptomatic patients;

4) reported lack of protective remedies for medical
professionals;

5) unstable
controversial data;

©6) uncertainty related to the possible COVID-19 coronavirus
infection impact on the economic situation in the country.

According to Chinese researchers, the COVID-19
coronavirus infection pandemic provoked a parallel epidemic
of anxiety and depressive reactions [8, 9]. Moreover, certain
sectors of the population may be more vulnerable to
psychological stress associated with the disease. This is
especially true for individuals with affective disorders who are
more susceptible to the COVID-19 pandemic related emotional
responses, which could manifest in mental symptoms relapses

information background with excess
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or worsening. This is due to such patients’ high sensitivity to
stress compared to the general population, and also due to
the scheduled psychiatric outpatient appointment limitations.
Furthermore, in addition to stress level escalation among the
population, stigmatization and discrimination against certain
sectors of the population increase [10], even with no evidence
of increased morbidity risks in the discriminated groups.

The study was aimed to reveal the structure of anxiety in
the population during the epidemic period, as well as to identify
the most vulnerable social groups (including individuals with
affective disorders) which were most in need of psychological
and/or psychiatric help.

METHODS
Data acquisition

The data was acquired using the online survey which was
carried out from March 30 to April 5, 2020. The participants
were proposed to complete the Questionnaire via the Google
Forms online platform, which on average took about 15
minutes. The Questionnaire was distributed through social
media, as well as via websites of public organizations and
communities of interest (see Acknowlegements).

Inclusion criteria: skill of reading in Russian, submitted
consent to personal data processing (completion of all proposed
Questionnaire forms was considered a consent). Exclusion
criteria (defined as freely as possible in order to represent as
many social groups as possible among the respondents):
1) age <18; 2) blank sections in the Questionnaire.

The Questionnaire included social and demographic
information about the respondents, as well as the information
on the presence or absence of affective disorders (major
depressive disorder, bipolar affective disorder, generalized
anxiety disorder, cyclothymia, dysthymia) and somatic
pathology.

The participants were proposed to mark any amount of
10 Questionnaire paragraphs describing various types of
concerns associated with the COVID-19 pandemic, as well
as any amount of 6 behavioral patterns of infection prevention
(for the Questionnaire full version see Appendix). Furthermore,
the respondents could determine how often they requested
information about a pandemic during the last week in the range
from “never’ to “every hour” (according to the 8-point scale).
Questions from the Psychological Stress Measure (PSM-25)
were used for the anxiety distress assessment [11]. Based
on the widely used Perceived Stigmatization Questionnaire
(Devaluation-Discrimination section, PDD) [12], the statements

Table 1. Social and demographic features correlation with psychological and behavioral responses related to COVID-19

Information about Number of concern Number of COVID-19
COVID-19 search themes associated infection prevention measures Stress (PSM-25) Stigmatization
frequency with COVID-19 P
Age 0.06*** -0.23** - -0.38"* 0.06™*
Education 0.08*** —0.15*** - -0.22"** -
Information about COVID-19
1.000 - - - -

search frequency
Number of concern themes x
associated with COVID-19 0.22 1.000 - - -
Numb_er of COV!D—19 047 0.30"** 1.000 - -
infection prevention measures
Stress (PSM-25) 0.14** 0.28"** 0.05* 1.000 -
Stigmatization 0.10"* 0.12* 0.12"* - 1.000

Note: Spearman's rank correlation coefficients; N = 1957; * p < 0.05; ** p < 0.01; ™ p < .001.
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were formulated describing the negative perception of people
with the signs of cold (coughing, runny nose, sneezing). The
levels of agreement with the Questionnaire statements were
evaluated using the 4-point Likert scale. The higher total scores
corresponded to more severe stigma intensity.

Statistical analysis

Statistical data processing was carried out using the SPSS-16
software package (SPSS Inc.; USA). The descriptive statistics
were used. Distribution normality test was performed using
the skewness and kurtosis calculation. Dispersion for nominal
scales was analyzed using the Pearson's y? test, and the data
for ordinal scales were obtained using the Mann-Whitney
U-test. Effect sizes obtained using the Cohen’s d and Cramer’s
V measures were calculated for groups, the differences between
which had the significance level p <0.05. When comparing the
nominal data with more than two gradations, the interpretation
of the effect size was carried out adjusted for the number of
degrees of freedom and indicator threshold values for a
weak/moderate/strong effect. Spearman's rank correlation
coefficients were calculated. The original stigmatization
Questionnaire internal consistency assessment was performed
using the Cronbach's a.

RESULTS

The final register included 2117 records obtained during the
1st week of the self-isolation regime recommended in Russia
(from March 30 to April 5). The data of 160 respondents were
excluded from analysis due to age. Thus, the statistical analysis
of the 1957 respondents’ data was carried out.

Demographics

Among the participants women prevailed (1649 people, 84.3%).
The average age of the respondents was 31 (Me = 27; Q,, = 22,
Q,; = 388). The sample included people living in the cities of
federal importance (Saint-Petersburg, 21.1%, Moscow, 16.8%),
all federal districts of Russian Federation (57.6%), and abroad
(4.5%).

Social characteristics
About a half of all respondents had a university degree (55.3%).

The 25.6% of participants reported on the incomplete higher
education. The majority of respondents were employed in

private (23.6%) and public (32.2%) organizations. The medical
professionals made up 10.3% of the sample. The 22.2% of
participants had no permanent employment. The 51.8% of the
sample were single. The 26.9% of respondents were officially
married, and the 12.4% lived in the de facto marriage.

Comorbidities

The 54.8% of respondents reported on the concominant
somatic pathology. The 29.5% of participants confirmed
they were diagnosed with affective disorders. Most often the
participants mentioned major depressive and bipolar affective
disorders (19.8%), and less frequently the anxiety disorders
(6.0%), cyclothymia or dysthymia (3.7%).

Characteristics of the participants' psychological
and behavioral responses

Correlation analysis of the whole data set demonstrated that
adaptation that adaptation to new living conditions during
the COVID-19 spread was a multi-level process with a
complex structure of interrelated factors. The higher number
of strategies used for coronavirus infection prevention (4 on
average: Me = 4; Q,, = 3, Q,, = 4) and the more frequent
search for the epidemic information (twice a day on average:
Me = 6; Q,, = 5, Q,, = 7) correlated in a predictable way.
These were associated with the respondents’ psychological
reactions to the pandemic intensification: the number of
anxious concerns about COVID-19 increased, as well as the
associated psychological stress level and the tendency to
stigmatize people with respiratory symptoms. Almost all of
the mentioned above characteristics were also sensitive to the
social and demographic parameters of the sample (Table 1).

The 99.8% of the study participants reported at least two
coronavirus related concern themes, and the most common
themes number was 5 (Me = 5; Q,, = 4, Q,, = 6) (Table 2).
The anxiety responses diversity was associated with the
psychological stress measure (PSM-25) reaching the moderate
level of 104.9 in the whole sample (Me = 106; Q,, = 80,
Q,; = 130). Qualitative analysis of the relationship between
the specific COVID-19 associated concern themes and the
psychological stress and people with respiratory symptoms
stigmatization/discrimination levels revealed the multidirectional
effects of specific concerns.

The concern about the threat to the life and health of
relatives was not associated with significant stress level or
stigmatization increase. Possibly, it was due to the maximum

Table 2. Types of COVID-19 related concern themes and corresponding levels of anxiety distress and people with respiratory symptoms stigmatization

Indicators change (SE):
Concern type Prevalence (people/%)

stress stigma
Threat to the life and health of relatives and important people 1527 /77.2 - +0.06
Possible financial difficulties 1128 /57.0 +0.16 -0.04
Harsh social consequences 980/49.5 +0.14 -0.08
Lack of specific treatment for COVID-19 789/39.9 +0.1 +0.19
Disrupted normal routine 766 /38.7 +0.17 -0.16
Virus transmissibility 708/35.8 +0.1 +0.27
Threat to the own life 619/31.3 +0.14 +0.36
Lack of commercially available protection remedies 544 /27.5 +0.16 +0.23
Possible lack of medication for daily use 434 /21.9 +0.39 +0.19
Risk of social isolation 351/17.7 +0.43 -0.14

Note: effect size (SE) is considered weak when 0.2 < Cohen’s d < 0.49; p < 0.05.
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Disorders
Concern themes associated Healthy people ianifi level
with COVID-19 n=643 Affective disorders | Somatic disorders Comorbidities Significance leve
n=242 n=737 n=2336
isolation - 89.0% 78.5% 82.1% 69.0% SE=025
Lack of medication + 22.2% 34.3% 14.4% 30.4% X =59.6; p=0.000
for daily use - 77.8% 65.7% 85.6% 69.6% SE=0.21

Note: effect size (SE) is considered medium when 0.17<Cramers’s V < 0.29.

experience prevalence in the vast majority of respondents. At
the same time, the clinically significant psychological stress
increase (weak in magnitude) was associated with the two (of
10) most rare concern themes: the "possible lack of medication
for daily use" and the "risk of social isolation" (Table 2).
In total, 688 study participants (35% of the sample) reported
experiencing at least one of those concerns.

The average total score for the Questionnaire on the people
with respiratory symptoms stigmatization was 19.5, with
Me = 17 (Q, = 15, Q,; = 19) and sufficient internal consistency
of the instrument (Cronbach's a 0.707). The '"risk of
social isolation" was associated with a significant decrease
in the respondents' tendency to stigmatize people with
respiratory symptoms. However, the stigmatization increase
effects became practically significant only in people with the
“virus transmissibility”, “threat to the own life” and “lack of
commercially available protection remedies” concerns.

Psychological reactions of specific sectors of the population

Among the groups of respondents, the specific concern
themes had some features. Two themes most closely related
with psychological stress were observed in participants who
had reported being diagnosed with affective disorders (Table 3).
Moreover, the “risk of social isolation” caused apprehension
mostly in individuals with comorbid affective and somatic
disorders. At the same time, the “lack of medication for
daily use” concern theme was more frequently reported by
participants with affective disorders and no comorbidities.

[t is important to note, that among 688 participants
reporting at least one of the two main psychological stress
associated concern themes, the respondents without mental
disorders were as common as those with affective disorders.
Unexpectedly, the external validity of the online Questionnaire
was confirmed by the prevalence of the specific for people with
anxiety disorders fear for their security, which distinguished
them from people with mood disorders (Table 4).

In addition to traditional sectors of the population considered
most vulnerable to anxiety reactions (patients with affective and
somatic disorders) many other cohorts demonstrated various
prevailing concerns about COVID-19. Thus, women were
worried about the lack of commercially available protection
remedies and threat to their own life more often than men
(Table 4). Single people, as well as the unemployed and public
institutions employees were more likely to be aware of social
isolation (Table 5).

In respondents with higher education and academic
degrees, as well as in people over 31, the concerns about
the risk of social isolation were significantly fewer. A group of
participants over 60 tended to be the most wary of financial
difficulties the possibly caused by pandemic (Table 6).

DISCUSSION

The data coming from the online survey made it possible to
assess the structure of psychological experience characteristic
for Russian-speaking respondents during the first week of
the proposed self-isolation regime in Russia. The analysis
demonstrated high prevalence of various COVID-19 pandemic
associated anxiety trends among the study participants, which
cumulatively increased the total psychological stress level in the
surveyed sample.

Amidst the changing due to quarantine measures living
conditions and routine, various COVID-19 pandemic related
concerns predictably arose in the respondents. It is essential
to note that concerns about the “threat to the life and
health of relatives and important people” did not lead to the
psychological stress level increase. Therefore, those could be
considered adaptive personality and psychological reactions.
At the same time, the concern themes number expansion led
to the breakdown of adaptive mechanisms, provoking both
the intensification of psychological (higher anxiety) and social
stress. The social stress was consciously or unconsciously
projected outside, causing the increased stigma. It is important

Table 4. Anxiety experience features depending on the affective disorder type and gender

Concern themes associated with COVID-19

Representation by groups
Significance level

1 2
Gender: 1 — men, 2 — women

+ 20.1% 29.2% X =10.7: p=0.001
Lack of protective remedies = '

- 79.9% 70.8% SE=0.14

+ 23.1% 33.2% — -
Threat to the own life x = 132é4—' g P 40'000

- 76.9% 66.8% =Y

Affective disorder type: 1 — mood disorder, 2 — anxiety disorder

+ 26.7%

40.7% X =8.8; p=0.003

Threat to the own life

- 73.3%

59.3% SE=0.12

Note: effect size (SE) is considered weak when 0.1 < Cramers’s V < 0.3.
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Table 5. Anxiety experience features depending on the occupation and marital status

Concern themes

Representation by groups:

associated with
COVID-19 1 2 3

Significance level
4 5

Occupation: 1 — student, n=271; 2 — unemployed, n = 435; 3 — private sector employee, n = 462; 4 — public sector employee, n = 631;
5 — businessman, n= 158

25.1% 8.2%

Risk of social + 19.6%

20.9% 12.0%

X =52.6; p=0.000

isolation - 80.4%

74.9% 92.8%

SE =0.19

79.1% 88.0%

Marital status: 1 — widowers/widows, n = 30; 2 — divorced, n = 144; 3 — single, n = 1014; 4 — de facto marriage, n = 243; 5 — registered marriage, n = 526

13.2% 22.5%

Risk of social + 3.3%

16.9% 11.8%

X2 = 34.5; p=0.000

isolation - 96.7%

86.8% 77.5%

SE=0.16

83.1% 88.2%

Note: effect size (SE) is considered medium when 0.15 < Cramers’s V < 0.25.

that psychological stress escalated notably amid the “possible
lack of medications for daily use” and the “risk of social
isolation” concerns. The first could be due to the subjective
perception deterioration, and the second due to quarantine
measures provoking a wave of anxiety and anger itself. The
stigmatization attitudes increase turned out to be related
mostly with the following experiences: “threat to one’s own
life”, “virus transmissibility”, and “lack of commercially available
protection remedies”, which were, to a greater extent, caused
by the feeling of loss of control over the situation.

Noteworthy was the data obtained from respondents who
reported being diagnosed with affective disorders. For them,
as well as for individuals who had not reported any mental
disorders, the same types of categories most closely related
with psychological stress were common: the “risk of social
isolation” and “lack of medications for daily use”. However, the
participants with comorbid affective and somatic disorders were
more wary of “social isolation”. At the same time, the “possible
lack of medication for daily use” often worried respondents with
affective disorders and no somatic comorbidities. Moreover, in
people with anxiety disorders compared to participants with
affective disorders, the prevalence of a specific “threat to their
own life” concern was observed, which emphasized the clinical
diversity of their experience.

The obtained data on the respondents' anxious experience
structure make it possible to distinguish the features of different
sectors of population, which is important for the further design
of differentiated psychological and social assistance programs.
In particular, the “risk of social isolation” concerns are most
common in young respondents (under 31), single people,
individuals with no formal education and the unemployed, as
well as in people with comorbid affective and somatic disorders.
In the first three social groups this may be due to personal
immaturity, unformed self-control and self-employment skills,

Table 6. Anxiety experience features depending on the education and age

as well as to temporary loss of the ability to communicate. In
the unemployed people, the main reason is the financial support
reduction. In the older age group the “financial difficulties”
become a specific concern theme, which obviously calls for
different informational and social interventions.

The WHO COVID-19 Strategic Preparedness and Response
Plan includes no strategies addressed the emerging mental
health needs [13]. Although, the need for such strategies is
likely to increase both during the epidemic and after it.

There are no literature data on psychological reactions at
the initial stages of the epidemiological situation deterioration
and the quarantine announcement (the official epidemiological
distress increase endorsement). In China, which was the first
to deal with the medical care organization in order to limit the
spread of coronavirus, the Principle for Supporting Mental Well-
being was developed. The Principle included the following:
1) determining the current status of mental health in the population;
2) determining the group of people at high risk of suicide and
aggression; 3) developing the structured assistance measures
[14]. However, the psychological assistance effectiveness in
the region was considered insufficient, which was due to the
lack of experience in teaching the mental health maintenance
principles [15].

Thus, the size and social heterogeneity of the risk group
require the use of broader social interventions to overcome
the pandemic social and psychological consequences. The
interventions which may be implemented in accordance with
the aid separation principle should include the following:
psychosocial support stage, specialized psychological
assistance, and clinical and psychological assistance involving
psychiatrists. Based on the Chinese experience of psychological
assistance arrangement, as well as our data, stigmatization/
discrimination may be one of the barriers making it impossible
to establish the effective population assistance service [16].

Concern themes

Representation by groups

associated with
COVID-19 1 2 3

Significance level
4 5 6

Education: 1 — incomplete secondary, n = 31; 2 — secondary, n = 98; 3 — professional, n = 164; 4 — incomplete higher, n = 501; 5 — higher, n= 1082;
6 — academic degree, n = 81

24.5% 22.6%

Risk of social + 25.8%

24.0% 14.5% 6.2%

x? =35.1; p=0.000

isolation - 74.2%

75.5% 77.4%

76.0% 82.5% 93.8% SE=0.14

Age: 1 — 18-20 years, n=310; 2 — 21-30 years, n = 859; 3 — 31-40 years, n = 363; 4 — 41-50 years, n=231; 5 — 51-60 years, n = 136; 6 — 60-78 years, n = 58

Risk of social + 28.7% 20.0% 14.3% 8.2% 8.8% 12.1% X = 54.0; p=0.000
isolation - 71.3% 80.0% 85.7% 91.8% 91.2% 87.9% SE=0.18
Financial + 31.3% 32.2% 30.6% 29.9% 30.9% 39.7% X =101.6; p = 0.000
difficulties - 68.7% 67.8% 69.4% 70.1% 69.1% 60.3% SE=0.13

Note: effect size (SE) is considered medium when 0.13 < Cramers’s V < 0.22.
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Study limitations. The study results were obtained using the
respondents’ reports. Although the reports’ correlation with the
objective experimental psychology test results is usually quite
high, the additional profiles verification via expert assessment
performed by the researcher may lead to corroboration
increase. At the same time, the cross-cutting evaluation would
significantly limit the sample size and participation of various
sectors of the population (including through experiences of
stigma of respondents with affective disorders), as well as
scale the period of the first results acquisition. Furthermore, in
the context of strongly recommended physical distancing the
possibility of face-to-face counseling involving the visit to the
clinic is extremely limited. Besides, the rates of epidemic process
development and the population psychological response to the
CQVID-19 pandemic determine the importance of the research
promptness and psychological and psychiatric assistance
recommendations statement based on the research results.

It is worth noting, that the revealed strength of correlations
between the population psychological reactions, applied
infection prevention measures and the frequency of searching
for information about the pandemic corresponded only to the
weak or moderate level of signs association. The described
above situation is quite typical for the human psychology
studies. On the one hand, this illustrates the inadmissibility
of interpreting the correlation as causal even in the context
of the study (when the observed features are semantically
closely related). On the other hand, the revealed relationships’
strength emphasizes the behavior regulation multidimensional
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THE USE OF ELECTRONIC DEVICES BY STUDENTS, PARENTS AND TEACHERS BEFORE
AND AFTER THE TRANSITION TO DISTANCE LEARNING

Milushkina OYu', Popov VI?, Skoblina NA', Markelova SV'®=, Sokolova NV

" Pirogov Russian National Research Medical University, Moscow, Russia
2 Burdenko Voronezh State Medical University, Voronezh, Russia
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Transition to distance education in spring 2020 led to the overuse of information and communication technologies by the participants of the educational process.
The aim of this study was to characterize the patterns of using electronic devices in high school students, their parents, and teachers in the settings of traditional
brick-and-mortar education and distance learning. We created online questionnaires that were used to survey 200 high school students, 389 teachers and 251
parents before the transition to distance learning and also 658 teachers and 500 parents after the transition. Statistical analysis was conducted using Student’s t test,
X%, and Pearson’s contingency coefficient; relative risks were calculated using fourfold contingency tables. Differences were considered significant at p < 0,05. After
the transition to distance learning, the number of electronic devices used by each student increased for 96.6% of the surveyed students; the average screen time
also increased. About 80% of the surveyed parents reported that their children had more health complaints; of them, 60% reported symptoms typical of computer
vision syndrome. We established a correlation between the readiness to cut down on screen time and the subjective assessment of vision as perfect or good by
the respondents (Pearson’s contingency coefficient 0.3; p < 0.05). Our study confirms the relative risk for subjectively assessing one’s vision as satisfactory or poor
in individuals who use ED on a daily basis; the risk is 1.13 for students, 1.41 for parents, and 1.27 for teachers (p < 0.05). The study proves that eliminating screen
time from daily activities for at least one day per week is an effective measure for preventing vision disorders.
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NCMOJIb30OBAHUE 3NIEKTPOHHbIX YCTPONCTB YYACTHUKAMU OBEPA3OBATEJIbHOIO MPOLIECCA
NP TPAOULMOHHON N ANCTAHLMOHHOW ®OPMAX OBYYEHUA

O. 0. MunywkwHa', B. 1. Monog?, H. A. CkobnuHa', C. B. Mapkenosa'=, H. B. Cokonosa®

T PoCCUCKNIN HaLWOHaNbHBIV MCCNefoBaTeNbCKMA MEAVLIMHCKIIA yHBEpCUTET MeHn H. . Muporosa, Mocksa, Poccus
2 BOPOHEXCKMI rOCyAapCTBEHHbIN MEAVUMHCKIIA yHMBEPCUTET MeHn H. H. BypaeHko, BopoHex, Poccust
3 BOPOHEeXCKIIN roCyAapCTBEHHbIN Mefarornieckumin yHmBepcuteT, BopoHex, Poccus

BHeopeHve anctaHUmoHHOro 00ydeHns BecHon 2020 I MPBENO K YBENMHEHVIO UHTEHCUBHOCTU MCMONB30BaHNS MH(POPMALIOHHO-KOMMYHUKALMOHHBIX TEXHOSOMI
y4acTHVKamy obpasosaTenbHoro npoecca. Liens paboTsl — AaTh MUMMEHNHECKYO XapaKTepVICTVIKY UCMONb30BaHNS SN1EKTPOHHbIX YCTPOCTB LUKOMBHMKAaMU, VX
POOUTENAMM U YHUTENSAMI OpraHM3aLmin O6LLEr0 06pa30BaHNs B YCIIOBUSIX PA3INYHBIX PEXXMMOB 0BYHeHMS! (TPAAMLIMOHHOIO 1 ANCTaHLIMOHHOIO). B nccnepgosaHm
NOCPEACTBOM OHNaH-onpoca NpuHAnm yqactine 200 LWKoNbHUKOB, 389 yuntenei n 251 pogutens B Nepno TPaguLMOoHHOO 0byyeHns, 658 yuntenein n 500
poauTeneit — B Nepuof, AVCTaHLMOHHOMO 0by4eHus. [pu cTatncTu4eckon obpaboTke pesynsTaToB UCMOoNL30Bany t-kputepuii CThlofeHTa, KpUTepuin x2,
KO3 PULIMEHT COMPSIKEHHOCTU [TMPCOHA, OTHOCUTENbHBIA PUCK OMPeaensM ¢ MOMOLLBIO YETbIPEXNONbHbIX Tabnmy, conpskeHHocTw, p < 0,05. B nepuog
[OVNCTaHUMOHHOMO OOYHEHNS YBEMHUNCE YMCIIO MCMOMb3YEMbIX 3MIEKTPOHHBIX YCTPOWCTB Y 96,6% LUKOMBLHUKOB 1 BpemMa paboTbl C HUMW. YBEMHEHMe Y1cna
»anob Ha camo4yBCTBIME yHaLLwxcsa oTMeTunm Ao 80% poauTtenei, n3 Hix 6onee 60% ykasblBaim Ha CUMNTOMbI, XapakTePHbIE 415 KOMMbIOTEPHO-3PUTENBHOMO
CMHAPOMA. YCTaHOB/EHa CBA3b MeX/y BO3MOXXHOCTBIO OTKasda OT MCMOMb30BaHWS SIEKTPOHHOMO YCTPONCTBA U CyObeKTUBHOM OLIEHKOW PECTOHAEHTaMMN CBOEro
3PeHNs Kak «OTnn4Hoe» 1 «xopotuee» (KC Mupcona 0,3; p < 0,05). MNMoaTsep>xaeH pUCK CyObEeKTVBHOM OLEHKW 3PEHNS KaK «y[0BIETBOPUTENBHOE» U «MIOX0Ee»
NPV eXXeIHEBHOM MCMONb30BaHNM 3NEKTPOHHOMO YCTPOMCTBA: AN LWKONbHWKOB — 1,13, poautenet — 1,41, yantenein — 1,27 (p < 0,05). O60CHOBaH B Ka4ecTee
Mepbl MPOMUNAKTUKN HAPYLLEHWS 3DEHNS OTKa3 OT UCMOMb30BAHNS SNIEKTPOHHOIO YCTPOMCTBA MUHUMYM Ha OANH AeHb B HEAENIO.

KntoueBble cnoBa: LLIKObHUKY, ydnTtena, poamtenn, agNCTtaHUoHHOe OﬁyHeHl/le, noBeneH4Yeckne pUCKu, 3NeKTPOHHbIe yCTpOI;ICTBa, I/IHdJOpMaLLI/IOHHO-
KOMMYHVKaLMOHHbIE TEXHOIOTN

Bknapg aBtopos: O. tO. MunywkunHa, B. . Monos, H. A. CkobnrHa — nnaHnMpoBaHue 1 Hay4Hoe pyKOBOACTBO, 06paboTka Matepuana, HanvcaHue ctaTbi;
C. B. Mapkenosa, H. B. Cokonosa — aHanua nutepaTtypHbIX AaHHbIX, cbop 1 obpaboTka Mateprana. Bce aBTopbl — pegakTmpoBaHue ctaTbu.
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The regulatory framework for e-learning and distance education
technologies was first captured in Russian legislation back in
2012 [1]. However, at that time teachers were not ready for
the new teaching modalities, lacked knowledge of computer
workstation ergonomics and safety, and did not fully understand
the importance of good practices for safe computer use [2].

Nevertheless, information and communication technologies
(ICT) have been gradually integrated into the educational
process, and it is now hard to imagine education without
computers, interactive digital boards, the Internet, or audio and
video resources. Smartphones, tablets, and computers have
become a vital part of daily lives of children, adolescents, and
young adults. Today, there are about 10 million active Internet
users below 14 years of age in Russia [2-6].

Because e-learning is a multifaceted educational challenge,
some of its aspects are yet to be addressed, including
workstation safety and ergonomics. New requirements for safe
computer use imposed on education providers cannot solve
the complexity of problems encountered in e-learning today
[7-11].

The coronavirus pandemic of spring 2020 and the
implemented containment measures dictated the need for
transitioning from traditional brick-and-mortar education
(TE) to distance learning (DL). This resulted in the overuse of
ICT by all groups of the population, including students. The
foreign literature on the transition from TE to DL discusses its
economic implications, such as staff redundancy or saving
costs, and learning outcomes (by comparing the results of final
tests before and after the transition to DL), but do not mention
the barrage of health complaints and the ways of preventing
computer-associated damage to students’ health [12—13].

The mass spread of electronic devices (ED) driven by the
occupational and social necessity puts ED users at risk for
various health conditions in a situation when good computer
use practices are not followed. It is reported that young ED
users suffer from increased emotional strain, irritability, sleep
problems, and addiction [14—19]. The lack of physical activity and
awkward static posture negatively affect the musculoskeletal,
respiratory and cardiovascular systems, cause attention deficit
and poor memory retention [20-23]. Poor image quality, wrong
viewing distance, excessive or low lighting, and continuous
screen time are all risk factors for vision disorders [24-27].

The high incidence of vision disorders witnessed over the
past 15 years in children and adolescents has coincided with
the mass spread of ED [28-29].

Increased use of ICT (stationary computers and portable
devices) has resulted in high information load on students.
Unfortunately, the existing screen time requirements are
ignored [28].

Awareness should be raised about the possible detrimental
impact of ED on the health of ED users, especially children;
students should be taught skills allowing them to minimize the
risk of ED-associated health problems in a situation when the
teacher cannot control the ergonomics of their workstations.
This means more responsibility on parents, who are expected

to take proper care of their child’s health and create the best
environment for healthy DL from home.

So far, there have been no studies of health-related aspects
of mass transition to DL in Russia.

The aim of this study was to characterize the patterns of
using electronic devices in high school students, their parents,
and teachers in the settings of traditional brick-and-mortar
education and distance learning.

METHODS

Teachers working at the Department of Hygiene (Faculty of
Pediatrics, Pirogov Russian National Research Medical
University) and certified in hygiene education, hygiene of
children and adolescents, and general hygiene designed 5
questionnaires and uploaded them to Google Forms. The
sensitivity of the online vs. offline questionnaires was slightly
below 82% (Cl: 80.5-83.5); their specificity was at least 90%
(Cl: 88.1-92.2). The questionnaires for health assessment in
the TE period were designed to target students, their parents
and teachers (Appendix 1); the questionnaires for health
assessment in the DL period were developed for parents and
teachers only (Appendix 2). The following inclusion criteria
were applied: being a high school student, a parent of a high
school student or a high school teacher; the correctly filled out
questionnaire form. Exclusion criteria: not being a high school
student, a student’s parent or a high school teacher; inability
to correctly fill out the questionnaire form. The questionnaires
contained 4 sections: background information, health
complaints, questions about the patterns of using stationary
and portable ED, questions about the skills necessary to safely
use ED.

Brick-and-mortar education, 2019

Before the transition to distance learning, 200 high school
students (grades 9-11) were surveyed from 8 Russian regions,
including cities with over 1,000,000 residents; 43% of them
attended public schools with traditional curricula, the rest
attended schools with advanced curricula, lyceums, etc.

Of 251 surveyed parents residing in 15 Russian regions,
including cities with over 1,000,000 population, the majority
(86%) were 30-49 years old. Over 85% of them were women.

Of 389 teachers residing in 25 Russian regions, including
cities with over 1,000,000 population, 31% were 40-49 years
of age. Over 90% of them were women.

Distance learning, 2020

In the DL period, 500 parents were surveyed from more than 15
Russian regions, including cities with over 1,000,000 residents.
The majority of them (> 90%) were women. The parent sample
was dominated by individuals aged 30 to 49 years (89%).

We also surveyed 658 teachers from over 30 Russian
regions, including cities with a population of over 1,000,000.

Table 1. Subjective vision assessment and behavioral risk factors for ED overuse in high school students, their parents and teachers in the brick-and-mortar setting, %

Risk factor High school students Parents Teachers
No screen breaks 64.5+3.4 63.0 £ 3.1 53.1 + 2.5
Dim lighting 87.0+2.4 87.3+21 81.2+2.0
Wearing digital protecting lenses 55+16 75+1.7 11.0+1.6
Subjective assessment of vision as satisfactory or poor 49.0 + 3.5 51.4+£3.2 59.4 +2.5*

Note: * — differences are significant at p < 0.05.
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Table 2. Subjective vision assessment by high school students, parents and teachers who were willing or unwilling to reduce the amount of screen time, %

Reducing screen time High school students Parents Teachers
Not possible 240+3.0 41.8£3.1 38425
Can do without ED 1-3 days a week 38.5+3.4 33.1+3.0 47.8 + 2.5*
Can do without ED more than 3 days a week 37.5+3.4 251 +27 33.5 +2.4*
Subjective vision assessment as perfect or good 51.0+3.5 48.6 +3.2 40.6 + 2.5*

Note: * — differences are significant, p < 0,05.

The majority of them (> 85%) were women. The most prevalent
age group (32%) was 40 to 49 years.

Statistical analysis was conducted in Statistica 13.0.
(StatSoft Inc.; USA). The following statistics were used:
Student’s t test, x?, Pearson’s contingency coefficient. Relative
risk (RR, i.e. the probability of a certain outcome depending
on the environmental factor) was determined using fourfold
contingency tables. Differences were considered significant at
p < 0.05.

RESULTS

In the TE period, the respondents were asked about their skills
for safe ED use and measures they were possibly taking to
prevent ICT-associated health damage.

Most high school students and their parents (64.5% and
63.0%, respectively) reported that they took screen breaks less
often than once every hour; one in 6 teens (17.0%) and one
in 6 parents (17.5%) did not take any breaks at all while using
their ED (Table 1).

Of all the teachers surveyed in that period, over half of the
respondents (53.1%) took breaks less often than once every
hour; one in 7 teachers (15.2%) did not take any breaks at all
(Table 1).

We established that only 1 in 8 students (13%) and parents
(12.7%) preferred not to work on their ED if the lighting was dim,
which is a standard ergonomics recommendation, whereas
every third student (37%) and every fifth parent (20.7%) would
continue using their device despite poor lighting conditions
(Table 1).

One in 5 teachers (18.8%) wrote that they would stop using
ED if the lighting was poor, whereas one in 8 teachers (12.9%)
would continue using their ED (Table 1).

The majority of the surveyed teachers (86.6%) think it
necessary to promote healthy lifestyle in their students from
early age. At the same time, 26.5% do not organize small
screen breaks during the lesson and about half of the teachers
(44.4%) do not do eye exercises with their students, i.e. do
not take measures aimed at maintaining their students’ health,
which is part of their professional duties. Interestingly, most
teachers (67.5%) report health problems in their students.

Half of the students (51%) and half of the parents
(48.6%) assessed their vision as perfect (24.5% and 19.5%,
respectively) or good (26.5% and 29.1%, respectively). One
in 6 students (18.0%) and one in 3 parents (31.5%) said their
vision was satisfactory; poor vision was reported by one in

3 students (31.0%) and one in 5 parents (19.9%). Perfect vision
was reported by 10.7% of the teachers; good, by 29.9%;
satisfactory, by 46.0%; and poor, by 13.4% (Table 1).

Only half of the students (49.0%) said they did not need
screen protection glasses; this percentage was consistent
with the proportion of students who thought their vision was
perfect or good. Only 5.5% of the students said that they wore
computer glasses when working on their computers, whereas
others either denied wearing computer glasses or never used
glasses at all (Table 1).

No need for vision correction was reported by 47.4% of
the parents and 40.6% of the teachers. These figures were
comparable to the proportion of adult respondents who thought
their vision was perfect or good. Only 7.5% of the parents and
11.0% of the teachers wore computer glasses; others did not
wear glasses although their vision acuity was poor, or wore glasses
unsuitable for working with ED (like distance glasses) (Table 1).

Contingency tables revealed that about 50% of the surveyed
students, parents and teachers did not pay due attention to
their deteriorating vision or wore unsuitable glasses (p < 0.05).

Based on the survey results, we distributed the respondents
into several groups depending on their readiness to reduce the
amount of screen time (Table 2).

There were significant differences in the subjective
assessment of vision acuity and the readiness to reduce the
amount of screen time (having 1 or more days a week free of
ED) between the teachers and parents (p < 0.05) (Table 2).

Of all the students, parents and teachers who emphasized
they could not do without ED, one-third (37.5%, 38.1% and
36.0%, respectively) subjectively assessed their vision as
perfect or good; of those who could do without ED longer than
3 days, good or perfect vision was reported by a significantly
higher number of respondents (64.0%, 58.75% and 48.0%,
respectively; p < 0.05).

A correlation was established between the readiness to cut
down on screen time and the subjective assessment of vision
as perfect or good (Pearson’s contingency coefficient equaled
10 0.3; p < 0.05).

During the DL period, significantly more students were
using ED in their learning process (Table 3).

According to the parents, during the DL period screen time
increased by 2 h for 15.0% of students, by 3 h for 20.8%, by
4 hfor18.6%, by 5 hfor 10.0%, and by 6 h for 25% of students.

Statistics generated by the Screen time app revealed that
teachers used ED for 5.0 + 0.3 h on average in the TE period
and for 8.0 £ 0.3 h in the DL period (p < 0.01).

Table 3. The proportion of high school students who used ED for traditional and distance education, according to parents’ reports, %

Number of ED used for learning Traditional education Distance learning
No ED used 36 3.4*
One ED 47.4 29.8*
Two ED 1.4 51.8*
Three of more ED 5.2 15.0%

Note: * — differences are significant, p < 0,05.
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The majority of the surveyed parents (80%) reported
that their children had more health complaints during the DL
period. The complaints were grouped into a few categories
based on their association with computer vision syndrome
(eye fatigue 60.6%, pain in the eyes 27.0%, blurred vision
19.4%, seeing dark spots 11.4%, gritty eyes 16.2%),
musculoskeletal disorders (back pain 37.6%, neck pain
31.8%), or psychoneurological disorders (headache 40.2%,
heavy head 21.0%, muffled hearing or ringing in the ear 7.8%,
fatigue 58.0%, psychoemotional strain 49.8%, disrupted daily
schedule, difficulty falling asleep 30.4%). Only 17.2% of the
students did not have any health complaints.

We calculated statistically significant relative risks for
subjectively assessing one’s vision as satisfactory or poor
depending on the frequency of ED use (daily or with 1-3 day
or longer breaks). In the respondents who used ED on a daily
basis, the relative risk for subjectively assessing their vision as
satisfactory or poor was 1.13 for students (Cl: 1.07-1.47); 1.41
for parents (Cl: 1.11-1.79), and 1.27 for teachers (CI: 1.07-1.52).

DISCUSSION

ICT have been developing rapidly in the past 20 years and are
now an indispensable part of our daily lives and education.
The pandemic of spring 2020 compelled general education
providers to transition to DL.

It was demonstrated before the pandemic that only 0.5%
of students did not have access to ED; the rest were using one
to several ED on a daily basis. The amount of screen time was
comparable between children and adults, varying from 7 to 10
h per day depending on age, sex, and season (school year/
holidays) [19, 25]. It is reported that screen time is rising [30].

In the DL period, the number of ED used by each
student increased from 1 to 3 or more for almost all students
(96.6%) (o < 0.05) (Table 3). Screen time increased from 2 h
(15.0% of students) to 6 h and more (25.0%). As a result,
the majority of parents (80%) noticed that their children had
more health complaints, most of which (60%) were consistent
with the clinical manifestations of computer vision syndrome,
musculoskeletal disorders or psychoneurological problems.

Statistics generated by the Screen time app revealed that
screen time had increased by 3 h a day in teachers in the DL
period (p < 0.01).

This is the result of ED overuse during quarantine and
transition to DL, aggravated by the lack of digital technologies
properly adapted to the educational process and the absence
of specialized software. There are no clear criteria for the
acceptable amount of screen time for different age groups
in different seasons (holidays or school year); there are no
transparent safety requirements for ED image quality and
technical specifications. The situation is further complicated by
low awareness of workstation ergonomics and safety.

All groups of respondents heavily depended on their ED.
One in 4 students (24.0%), one in 2 parents (41.8%) and one in
3 teachers (38.4%) were not ready to cut down on their screen
time (Table 2).

The surveys of teachers, students and parents conducted
in the brick-and-mortar setting and after the transition to DL
identified behavioral risk factors for ED overuse.

We found that the majority of the respondents did not
follow the simple rules for minimizing computer-associated
health damage: they did not take breaks every hour (64.5% of
students, 63.0% of parents, 53.1% of teachers), worked under
poor lighting conditions (87.0% of students, 87.3% of parents,
81.2%, of teachers), had uncorrected vision problems, or wore

unsuitable glasses (45.5% of students, 44.8% of parents,
48.4% of teachers).

These risk factors for ED overuse were more frequent
among parents than among teachers (o < 0.05); similarly, more
parents than teachers characterized their vision as satisfactory
or poor (p < 0.05) (Table 1).

Obviously, the family and the educational institution play
a tremendous role in encouraging (or discouraging) students
to develop a healthy and safe attitude to using ED. Our
respondents demonstrated low awareness of this problem. This
means that teachers, parents and students should be better
educated in the health and safety issues relating to the use of
ED. The expansion of distance learning, less control exerted
by the teacher, and increased use of ICT by children outside
the classroom demand that parents should have sufficient
knowledge of good computer use practices.

The majority of teachers (67.5%) report health problems
in their students and realize the need to encourage students
to lead a healthy lifestyle, which also means a healthy attitude
to working with ED (86.6%). At the same time, one-third of
teachers (26.5%) do not use short breaks during the lesson
and one in 2 teachers (44.4%) does not do eye exercises
with their class. Perhaps, the teachers are not motivated to
do so or simply do not have the time due to high curricular
intensity.

Due to low awareness, 50% of the respondents were not
concerned with prophylaxis of computer-associated health
problems or took ineffective measures like wearing unsuitable
glasses (p < 0.05).

Previously, we proved the risk of moderate or high myopia
(RR 6.62) associated with| the frequency of using a laptop and
a computer (p < 0.05) [25].

The established correlation between the readiness of the
participants to cut down on screen time and the subjective
assessment of their vision as perfect or good suggests that
vision disorders can be effectively prevented by limiting screen
time. Respondents who were ready to eliminate ED from their
daily activities for at least once a week assessed their vision as
perfect or good significantly more often (p < 0.05).

We discovered that there were significant relative risks for
eye condition subjectively assessed as satisfactory or poor
vision and associated with daily ED use; the RR values were
1.13for children, 1.41 for parents, and 1.27 for teachers (p < 0.05).

Thus, we found that daily use of ED is a behavioral risk
factor that can be modulated through implementing good
computer use practices.

Based on our findings, we recommend that screen time
should be strictly regulated or even eliminated from daily
activities for at least one day per week. This will prevent the
negative effects of ED in the traditional brick-and-mortar and
distance learning settings. This approach will help to reduce the
exposure to the negative factors and allow students to find time
for physical activities or sports, thereby promoting a healthy
lifestyle, improving the efficacy of prevention measures and
eventually benefiting public health.

Once effective screen time guidelines are developed and
the public becomes aware of how to use ED safely, one can
expect an increase in the number of respondents with good
skills for safe ED use.

CONCLUSIONS
1. We have identified behavioral risk factors for ICT overuse by

students, teachers and parents after the transition to DL. Those
include no screen breaks, poor lighting, uncorrected vision or
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unsuitable glasses, daily use of ED, prolonged screen time,
using more than 1 ED on a regular basis. 2. After the transition,
the number of ED used by each student increased, screen time
rose, and students had more health complaints. Teachers also
used ED more, as compared to the TE period. 3. Due to the
lack of skills for safe computer use, parents cannot be a role
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ANALYSIS OF LEECH THERAPY EFFECTS IN PATIENTS WITH CHRONIC APICAL PERIODONTITIS

Abdullaeva Al =, Prityko AG, Voronin PA, Mikhailova EG

Pirogov Russian National Research Medical University, Moscow, Russia
Chronic apical periodontitis (CAP) is characterized by tissue inflammation around the tooth tip. Unstable outcomes of current treatments against CAP dictate the
need for novel therapeutic techniques and medications. The aim of this study was to analyzed the effects of hirudotherapy on the treatment course in patients
with CAP. Forty-one study participants aged 25 to 40 years were divided into the main group (20 patients) and the control group (21 patients). Pain level and the
gingival index (Gl) were measured in all study participants. During the first visit, pain scores did not differ significantly between the control (5.81 + 0.65) and the main
(6.75 + 0.92) groups. During the second visit, pain was almost unnoticeable in the main group patients (1.05 + 0.34), whereas pain scores were higher in the control
group (4.10 + 0.7). Our findings suggest a positive effect of hirudotherapy used in combination with standard treatment regimens.
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AHAJIN3 PE3YJIbTATA MPUMEHEHUA METOOA TMPYAOTEPAMN NMPU IEHEHUN XPOHUYECKOI'O
AMUKANIbHOIO NEPUOAOHTUTA

A. W. A6oynnaesa B9, A. T. MpuTbiko, M. A. BopoHuH, E. I Muxarinosa
Poccuiickunii HaumoHanbHbI MCCNegoBaTENbCKNA MEANLMHCKUI YHUBepcuTeT nvenn H. W. Muporosa, Mockea, Poccuns

Lns XpoHW4ecKoro anvkanbHoro neprogoHTuTa (XAl) XxapakTepHo BocnaneHne TKaHel, OKpy»KatoLLMX BEPXYLLUKY KOpHs 3yba. OTcyTCcTBME CTabuibHOCTU
pPe3ynLTaToB CTaHAAPTHOMO NeYeHUsi OOBACHAET MOUCK HOBbIX NIEKAPCTBEHHBIX CPEACTB UM METOLOB JleHeHnst AaHHOro 3abonesaHns. Llensbio nccnegoBaHms
6b1110 NPoaHaNM3nPoBaTh BNMSiHXE rvpyLoTepanim B nedeHum XAl npu AvHamMU4ecKoM HabMOAeHI C UCMONb30BaHMEM KITMHUHECKX METOLOB UCCNEA0BaHMS.
[MaumneHTbl B Bo3pacTte oT 25 go 40 net (Bcero 41 YenoBek) ObiM pasfeneHbl Ha OCHOBHYHO rpyrny (20 YenoBek) 1 rpynny cpasHeHus (21 Yenosek). Y Bcex
YHaCTHMKOB MCCNEQAOoBaHNA OMPEemensm nokasatens BbIPaKEHHOCTU MOCTOSIHHbIX OONEBbIX OLLYLLEHWA 1 AecHeBoro mHaekca Gl. B nepBoe nocelleHvie
rokasaresin BbIPaXKeHHOCTW BONeBbIX OLLLLEeHN B rpynne cpasHeHus (5,81 + 0,65) n ocHoBHow rpynne (5,75 + 0,92) cunbHO He padnnyanuncb. K Tpetbemy
NMOCELLEHMIO Y MaLWEHTOB OCHOBHOW rpynnbl 60b Mo4Ty oTcyTcTBoBana (1,05 + 0,34), a B rpynne cpaBHeHWs nokasatenn obiim Bollwe (4,10 + 0,7). Pedynbratsl
KNMHWUYECKNX NCCNEO0BaHNI YKa3bIBalOT Ha MONOXUTENBHOE BAUSIHNE MMPYyA0TEPanin B COCTaBE KOMIMIEKCHOMO NIeHeHNS.

KniouyeBble cnoBa: rmpynorepanis, XpOHI/I‘-leCKI/II;I annkanbHbIN NepuogoHTUT, BOCMNaseHne, 6onb
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The prevalence of chronic apical periodontitis (CAP) in dentistry
patients over 18 years of age is 95-100% [1]. Unstable outcomes
of current treatments against CAP dictate the need for novel
therapeutic techniques and medications. Hirudotherapy, i.e.
application of medicinal leeches Hirudo medicinalis, dates back
centuries [2]. It has proved to be effective in treating a number
of conditions, including battle wounds [3]. Among absolute
contraindications for hirudotherapy are malignancies, blood
clotting disorders, thrombocytopenia, and intolerance of leech
saliva components [4, 5]. At present, leeches are used to relieve
pain and treat asthma, high blood pressure, migraine, phlebitis,
varicose veins, and dental diseases [2, 6-7]. In most cases,
leech therapy has positive outcomes; however, adverse events
are possible. When the leech bites, it injects into the wound a
complex mixture of bioactive ingredients, including hirudin [8].
Hirudin is a polypeptide that irreversibly binds to thrombin; the
resulting complex blocks conversion of fibrinogen into fibrin
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[9-10]. This improves microcirculation in tissues, produces
anti-inflammatory and analgesic effects, and stimulates tissue
regeneration [11]. Leech therapy has been approved by the
Russian Ministry of Healthcare; there is a pharmacopeial
monograph (PM-42-702-97) containing a list of quality control
guidelines for this treatment type. The literature on the efficacy
of hirodutherapy in periodontitis is scarce, and the question
remains whether it is feasible for treating CAP [12].

The aim of this study was to investigate the effect of
hirudotherapy on the pace of clinical improvement in patients
receiving a combination therapy for CAP.

METHODS
The study was carried out in 41 patients with exacerbated CAP

undergoing treatment at the facilities of Voyno-Yasenetsky
Research and Practical Center for Specialized Medical Care
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Table 1. Demographics of the participants

Main group (n = 20)

Control group (n = 21)

Sex, m/f

8/12 9/12

Mean age (years), M + m

31.4+04

30.2+0.3

for Children in January through March 2020. Of all study
participants, 17 were men and 24 were women aged 25 to
40 years. The mean age of the participants was 29.1 + 1.7
years in the female group and 34.6 + 1.4 year in the male
group, respectively. The study included patients with CAP who
required endodontic retreatment, had no dental fistulas and
were 25 to 40 years old. The following exclusion criteria were
applied: decompensated comorbidities, a flare-up of a chronic
comorbidity, inflammatory periodontal disease, pregnancy, HIV,
blood clotting disorders, cancer, refusal to participate. Chronic
apical periodontitis (ICD code: K04.5) was diagnosed based on
CT findings (GENORAY; South Korea).

The patients were divided into 2 groups. The main group
consisted of 20 patients who received standard treatment for
CAP complemented by hirudotherapy. The mean age in the
main group was 30.0 + 1.0 years for women and 33.5 = 1.3
years for men. The control group included 21 patients who
received only standard treatment. The mean age in this group
was 31.5 + 1.2 years for women and 28.4 + 1.4 years for men
(Table 1). The groups did not differ in terms of age and sex.

Endodontic treatment was carried out following the
guidelines proposed by the European Society of Endodontology
in 1994 (tooth preparation; rubber dam isolation; access cavity
preparation; determination of the working length; cleaning,
shaping and filling of the root canal system). Dental materials
and medications were the same for all study participants. In
the main group, endodontic procedures were followed by
leech therapy. Briefly, a medicinal leech was applied to the
alveolar mucosa over the apical aspect of the causative root
using an aspiration technique; the leech was allowed to feed
for 20-30 min until it detached. The leeches used in the study
were purchased at the HirudoCenter (Russia; Certificate of
Conformity ROSS RU.AD77.H00310, valid from January 29,
2018 through January 28, 2021). The main group received
3 courses of leech therapy: on days 1, 4 and 7 of treatment, as
recommended by the hirudotherapy guidelines [13].

The efficacy of the applied treatment was assessed based
on the level of pain and the gingival index (Gl) developed by Loe
n Silness (1963); patient dynamics were compared between
the groups [8]. Pain was measured on a visual analog scale
(VAS): 0 — no pain; 1-3 — mild pain; 4 — moderate pain;
5-6 — severe pain; 7-9 — very severe pain; 10 — unbearable
pain. Gl is traditionally used to evaluate the periodontium for the
clinical signs of gingival inflammation, which include redness,
edema and bleeding on probing (in our case, at the site of
the examined tooth). Gl scores were interpreted as follows:
0 — no signs of inflammation; 1 — a slight change in color,
mild edema, no bleeding on probing (mild inflammation); 2 —

redness, edema, bleeding on probing (moderate inflammation);
3 — marked redness, edema, ulceration, a tendency to
spontaneous bleeding (severe inflammation) [8].

Statistical analysis was done in SPSS 21 (IBM SPSS
Statistics; USA). Differences were considered significant at
p < 0.05 (95%).

RESULTS

On day 1, pain scores did not differ significantly between the
groups. In the main group, pain was less pronounced during
the second visit and almost unnoticeable during the third
visit; the main group patients reported the analgesic effect of
hirudotherapy (Table 2). On day 4 of treatment (the second
visit), pain scores in the control group were also lower than
at the onset of treatment; during the third visit, however, pain
scores in the control group were much higher than in the main
group. An increase in pain scores observed in the control group
on day 7 was linked to the normal body reaction to a medical
intervention.

In both groups, Gl scores were decreasing steadily over the
entire course of treatment. However, on days 4 and 7 Gl was
lower in the main group than in the control group. Hirodutherapy
reduced edema and redness and had an analgesic effect.

Thus, the analysis of clinical symptoms suggests a positive
effect of leech therapy on the outcome of combination therapy
in patients with CAP.

DISCUSSION

This study demonstrates a positive effect of hirudotherapy used
in combination with standard treatment regimens in patients
with CAP and confirms its analgesic and anti-inflammatory
effects previously reported by Russian researchers. Another
study consistent with our findings has shown that hirudotherapy
reduces endogenous toxic effects in the affected dentoalveolar
region in patients with periodontal tissue destruction [14]. Our
study suggests that hirudotherapy is also effective in reducing
periodontal inflammation. During the third visit, no hyperemia
was observed in the main group, whereas in the control group its
level remained almost unchanged throughout the entire course
of treatment. A dissertation written in 2003 is also consistent
with our findings and points to the fact that hirudotherapy used
in combination with standard treatment regimens can relieve
pain, reduce edema, inflammation and the duration of therapy
[15]. In our experiment, additional parameters were used,
including pain scores on the 10-point scale and the gingival
index.

Table 2. Dynamics of the gingival index (Gl) and pain scores in patients with CAP in the main and control groups

Day 1 Day 4 Day 7
Parameters Main group Control group Main group Control group Main group Control group
F(’,f‘/;”; ’,’;;'”ts 5.75+ 0.92 5.81+0.65 2.5+ 0.54 3.29+0.68 1.05 + 0.34* 411075
g,'l”f"r’;' index Gl, points | 4 g5, 0.06 1.92 £ 0.05 143+ 0.10 1.45 £ 0.13 0.38 + 0.06* 113+ 0.06

Note: * — p < 0.05; comparison with the control group

BECTHVIK PIMY | 3, 2020 | VESTNIKRGMU.RU



ORIGINAL RESEARCH | DENTISTRY

Based on the pain, edema and hyperemia scores on days

1, 4, and 7 of treatment, we conclude that these parameters
were lower in the patients who received hirudotherapy. In the
main group, leech secretions expediated the resolution of
inflammation and had a pronounced decongestive and pain-
relieving effect, resulting in clinical improvement. No adverse
effects of hirudotherapy were observed.
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