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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.




REQUIREMENTS

Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:
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8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.




O3BMAHMS LodIMORRIS(MR!

Mgsd3osdo LHsGool Fomdmeagbolols bako®ms ©sgoigemn dgdwogyo Fabgdo:

L bAo@os 9bps Fo@dmawyobmm 2 3o@ms@, Gyl ob 0byaoliy® 9bgdbg,odgdooao
LAobos@Bgmo gyamol 1 a390©0bg, 3 13 Logsbol dodibgbs ggenols o LE®0Jmbgdls
doeol L5 06@g@gomols @og0m. 30dmygbgdyemo 3md30y@gageo dBogdo dgbyen ©s oby-
@oliy®gbmgob Gg9dbEgddo - Times New Roman (Kupuumna),boaoem Jodmgagbmgeb @gJl@do
Lako®ms godmgoygbmo AcadNusx. IHogBol bmds — 12. LEsGool msob gbps sbanwgls CD
LEs@oom.

2. LASA00L JMEPEPMds 5O Yoo Fgoygbgl 10 y39MDbY bogergdls ws 20 ag9Mbg dgBb

0@ gO5@@olL ool s Ggboydggools (0byeoliy®, dyligan ©s Jo@myen gbgdbyg) homganom.
3. LAs@0sdo Loko®ms godydogl: bogombol sd@uommds; 3genggol dobsbo; bisggenggo

doboans o 253mygbgdygero Igmnmegdo; Jowgdymmo g gagoo s domo goblbyxs. 9Jldg@modgb-
Ayo babosmol bEs@ogdols Fo@dmoagbolisl s3@m®gdds gbos dogmommb Lsgdldg@modgb@m
3bmggegdols Lobgmds s GomEgbmds; oY@ 0g3oMgdols s wodobgbol Jgmmwagdo (3§ 3539
3950l 30MmMbdgddo).

4. LGOSl mob Pbs osbergl Mgboydg obyeoliy®@, Hylyge s Jodmyga 969Dy
sMobogegd bobggo®o gg9@w@ols JmEgmmdols (bosmsyg®ol, sg@mmdgdols, ©sfglgoyengdols
domomgbom ©s gbs dgoogrgl dgdmgy 3obymuomgdgdl: dobobo, dsbsms ws dgmmegdo,
Ygga9d0 s ©obliggbgdo; BgJb@usm o bsfomo s@ ¢bws ogmlb 15 LE®oJmbbyg bsjengdo)
> boggobdm Lo@dyggdol hodmbomgsgro (key words).

5. gb®oggdo Loko®ms [o@mdmowaobmon bsdgdwo Lobom. yggans 0x3@dyano, dgdo-
X03909@0 s> 30M396G Y0 Inbo3gdgdo ¥bs dgglodsdgomegl BgJl@do dmygeboanl.

6. BOGHOLYOsMgdo 9bes ogml 3mbE@sbEymo; Ly®dsmgdo, bobsbgdo, wosg®sdgdo
- obomoy@gdymo, obmdMomo s Lomobo@m seaomsl holidymo. @gbBagbma®sdgdols
BOAMsbangdo Fo@Imoaobgm 3mbo@oygdo yodmbobymmgdom tiff gm®ds@do. dogHmagm@m-
byg@omgdols Fo@fgdgddo Lododms dogmommm mggms@ol ob mdogd@ogol Lodygsmgdom
35000950L ba@olibo, sbomsagdols dgmgdgols ob 033G 9abs300L dgmmo s s@bodbmm Liy-
om0l bgs s Jggos bofoagdo.

7. Lododgeom 5gBmagdols 2300900 LEsE05T0 s@0obodbgds 0boiosmgbols msbps®mgom,
93beg@ols — giEbomy@o GESbLIM0 3E00m.

8. LASHOSL Mob yYbws shanwgl sgBMMols Jogd asdmygbgdyero Lsdsdyerm s yiEbm-
9@0 dOMIgdol dodenoma®sgoygmo bos (dmam 5-8 Faol Low®dom). sbdsby®o Fymdom
Fomdmpagboan  bodgoma®sgoyge Losdo dogmomgmn xg® Lodsdygarm, dgdwgy gibmgero
530™@950 (23500, 06005 gbo, LEASG00L Lomsy®o, gy@bsgol slbsbgagds, aodmzgdols
s 00, (gao, g9@bsgnol Ne, 30039em0 05 dmgrm a39M©gb0). Jmbma@sgools dgdmbgggsdo
dogmomgmn  2sdmigdol [gmo, saomo o 2390©gd0l Loghmm @omwgbmds. &9JL@Edo
33o005H e ghboggddo 9bos Joymommm s53@mEA0L dglodsdolo N @o@g@s@yg@ol bools
dobggom. dobsbdgfmbogoos, M3 3000 0o Tyodmgdols 9dg@gbo bsfogro ogml 5-6
Jeool Low®dol.

9. LAGOSL Mmob Ybs Sbargl: o) sglgoymgdol ob LodgiEbogdm bgarddwgsby-
ol (odwyobgds, ©sdm{dgoygmo byandm(g@oms ©s dgkoom; &) odgol b3gEzos@mol@ol
sdm{dgogmo Mg3gbbos, MMIgendoz Jomomgdyao 0dbgds Lsgombols @ gogmds, dsbsgols
Lo 3domds, 3g0meEols Lobpmmds, dgogagdols bodgiEbogdm-3@sd@oggeo 360dgbganmds.

10. LEs@ool dmeml bako®ms gggems sgBm@ols bgandm§gds, @mdgamms Homegbmds
o 9bws s@gdo@gdmogls 5-L.

1. @gesdios 0@mggol ggwgdsl dgobfmaml LEs@os. Bgdbdby Igdomds s dg-
X9M90> begds Losgdm@am m@ogobsaols dobgwgom.

12. ogdg9dgmos Mgosdosdo olgmo LEs@ool [omoagbs, Gmdgamoi obsdgkoae
Jodagboano ogm bbgs GgosdiEosdo b a0dmdggybgdgao ogm bbgs aodmzgdgddo.

SMDO 0 0 SMQ oL o S dO LBLEOOHO 0O o SD0OLO O.
@bodbygao Fgbgool o@rgggol dgdmbgggodo bpspogdo oG yobobogngd




GEORGIAN MEDICAL NEWS
No 2 (359) 2025

Coodeporcanue:

Gavrilova Uliana V, Alieva Samaya A, Gerasimenko Aleksandra A, Mikhaleva Ekaterina A, Solovieva Ekaterina V, Vedzizheva Khava Kh,
Sadykov Magomed L, Belousova Anastasia A, Ladaev Abubakar Kh, Aupov Ibragim A, Maasheva Elita A, Makhamaev Ilias B, Yanarkaev
Ibragim R.

NEXT-GENERATION ANTIOXIDANTS: SHOULD WE TARGET PEROXIREDOXINS (PRX)?........cutuiiiiiieiieiereneseseseeesieee e ee . 0-14

Marina Endeladze, Maia Zhamutashvili, Tinatin Gognadze, Elene Meskhi, Natia Jojua, M. Akhvlediani.
CASE REPORT OF CAT SCRATCH DISEASE (BARTONELLA).....cuiiiiitiiiti et eeeeeeeeeesies e s e et e e e eeeneenennennennennenenn 19217

Karapetyan A.G, Santini C, Pellei M, Caviglia M, Dallakyan A.M, Petrosyan Zh.H, Danielyan M.H, Nebogova K.A, Grigoryan V.S.
MANIFESTATION OF RADIOPROTECTIVE PROPERTIES IN COPPER COMPLEXES [CU(L?),] AND [CU(ADM)(PPH,),]PF.,......18-22

Nato Nakudashvili, Levan Ratiani, Tamar Megrelishvili, Elene Saribekovi, Marine Tsabadze, Nina Kipiani, Nino Intskirveli, Magda Tortladze,
Tea Gabunia, Shorena Tsiklauri, Zaza Nakudashvili, George Ormotsadzr, Tamar Sanikidze.
FEATURES OF VASOMOTOR RHINITIS (VMR) IN PATIENTS WITH A HISTORY OF COVID-19 INFECTION.......cccccovvviinnnnnn. 23-31

Warda Mohamed, Rashid Eltayeb, Hussam Ali Osman, Mosab Omer, Elryah. I. Ali, Ammar Abdelmola, Tagwa Yousif, Mohamed Belhocine,
Safa Taha, Elyasa Elfaki, Wael Alzahrani, Asaad Babker, Abdelgadir Elamin Eltom, Marwan Ismail, Ayman Alfeel.

BIOCHEMICAL INSIGHTS AND HORMONAL MARKERS OF POLYCYSTIC OVARY SYNDROME IN SUDANESE WOMEN:
EXPLORING INFERTILITY AND RISK FACTORS IN RED SEA STATE . ..ot eeeteeeee e e e e e e e e 22232239

Kolupayev S.M, Goloborodko M.M, Bytiak S.Yu, Lavrinenko A.S, Lupyr M, Lantukh 1.V, Lytvynova I.L, Gulbs O.A, Dikhtyarenko S.Yu,
Kobets O.V.
PSYCHOLOGICAL FEATURES OF THE REHABILITATION OF PERSONS WITH UROLITHIASIS.......ccccooviiiieeeeeieeeierene e ... 40-44

Wang-Yong Li, Xiao-Yan Yang, Zhun Cai, Guo-Fu Chen.
A CASE OF CECAL CANCER WITH RETROPERITONEAL ABSCESS. .. .ottt e 45-48

Tamriko Dzotsenidze, Arsen Gvenetadze, Giorgi Burkadze, Ekaterine Isakidi, Mariam Shulaia.
GENETIC ALTERATIONS IN TUBO-OVARIAN EPITHELIUM DURING OVARIAN NEOPLASIA.........oiiiiieeeeceeeeeeeeee ... . 49-54

Ali M. Muhammed Ali, Omar M. Yahya, Ehsan HT. AlDabbagh.
IN SILICO DOCKING OF SILYMARIN ACTIVE CONSTITUENTS WITH INSULIN RECEPTORS: A STEP TOWARD DIABETES

Armenuhi Avagyan, Taline K. Ashekian, Armenuhi Snkhchyan, Hasmik Mkrtchyan, Tigran Petrosyan.
BARRIERS AND SOLUTIONS IN THE USE OF ALTERNATIVE AND AUGMENTATIVE COMMUNICATION: A PILOT DESCRIPTIVE

STUDY PRESENTING INSIGHTS FROM ARMENIAN PROFESSIONALS........ oot e 63-71
Xin-Juan Wang, Lian-Ping He.

STATISTICAL TEACHING ON BUILDING STROKE PREDICTION MODELS.........cioiiiiiitiieiinncineeienee e eeeieeeeenenenn 2 12575
Kosherova Bakhyt Nurgaliyevna, Abbozova Shakhnosa Maratovna, Smagul Manar Asyrovna, Zhumagaliyeva Galina Dautovna, Sagyndykova
Togzhan Baibolsynovna.

MEASLES IN PREGNANCY IN THE REPUBLIC OF KAZAKHSTAN: CLINICAL AND LABORATORY MANIFESTATIONS AND

Warda Mohamed, Rashid Eltayeb, Hussam Ali Osman, Mosab Omer, Elryah. I. Ali, Ammar Abdelmola, Tagwa Yousif, Mohamed Belhocine,
Safa Taha, Elyasa Elfaki, Wael Alzahrani, Ayman Alfeel, Asaad Babker, Abdelgadir Elamin Eltom, Marwan Ismail.
FOLLICLE-STIMULATING HORMONE RECEPTOR MUTATIONS IN SUDANESE WOMEN: A STUDY ON POLYCYSTIC OVARY

Saidulaev M.A, Osipova N.I, Gurtskaya A.D, Semov N.D, Khusainov R.R, Khabarov E.A, Lech D.S, Stotland P.A, Eloeva V.V,
Syromyatnikova A.V.
PIRACETAM HELPS RESTORE VISION AFTER CRANIOCEREBRAL TRAUMAL . .......c.oiiiieeiiieeeeeeeee e e e eeeeeeeene ... 87-88

Ming Li, Wen-Wen Hao, Li-Juan Ru.
THE ASSOCIATION BETWEEN AQUEOUS HUMOR MICROENVIRONMENT IN DIABETIC CATARACT PATIENTS AND
POSTOPERATIVE MACULAR EDEMA AND VISUAL ACUITY CHANGES.........cuiieeeeeeeeeeeeeeeeeecre et ereeveeveenenesnenne e e e e 020 .89-90

Voloshyn-Haponov [.K, Lantukh 1.V, Gulbs O.A, Dikhtyarenko S.Yu, Kobets O.V, Pustova N.O, Popova N.G, Gridneva O.V, Ostapenko V.M,
Mikhanovska N.G, Torianyk LI.

PSYCHOLOGICAL FEATURES OF THE SUBJECTIVE PERCEPTION OF THE QUALITY OF LIFE OF PATIENTS WITH
HEPATOCEREBRALDY ST ROPH Y ...ttt e e e e e e e ettt e e et e eneas 91-95

Bangqiang Hou, Wei Liu, Ke Pan, Yiya Wang, Yaomin Luo, Yutong Han, Jingjing Liu, Qing Wu, Yinxu Wang.
BRAIN NETWORK FUNCTIONAL CONNECTIVITY AND CORTICAL ACTIVATION FEATURES DURING THE SWALLOWING
TASK FOR THE PATIENTS OF POST STROKE DYSPHAGIA: A MULTI- CHANNEL FNIRS STUDY ...t 96-107

Assel Ibrayeva, Dinara Ospanova, Korlan Saduakasova, Anar Akshalova, Anar Muratbayeva, Shynar Tanabayeva, [1dar Fakhradiyev.
PREVALENCE AND SOCIO-DEMOGRAPHIC RISK FACTORS OF EMOTIONAL BURNOUT AMONG PSYCHIATRISTS AND
NURSING STAFF IN PSYCHIATRIC SERVICES IN KAZAKHSTAN. ... .ottt sttt ettt ebea e e e 108-115



Violeta Grajgevei Uka, Art Uka, Lirim Isufi.
THE SOCIODEMOGRAPHICAL AND MORPHOLOGICAL CHARACTERISTICS OF PRESCHOOL CHILDREN WITH SIDEROPENIC
ANEMIA IN THEKOSOVO SAMPLE . ... ottt ettt e e eteetsessens e esnessssssesesseasee s e s neennenenennn 116-119

Li-Bo Wang, Chun-Miao Xu.
ENHANCING OPHTHALMIC NURSING EDUCATION: A COMPREHENSIVE APPROACH TO CLINICAL TEACHING AND

Maia Zhamutashvili, Tinatin Gognadze, Natia Jojua, Elene Meskhi, Ketevan Meskhi, Ekaterine Dolmazashvili.
CO-OCCURRENCE OF HANTAVIRUS PULMONARY SYNDROME AND HEMORRHAGIC FEVER WITH RENAL SYNDROME.......123-125

Abdukalikova D.B, Auezova A.M, Baymuratova M.A, Yessembayeva S.S, Yermukhanova G.T, Yerkibayeva ZH.U.
WORKSHOP AS A PRACTICE-ORIENTED METHOD OF TEACHING DENTISTS: INTRODUCTION TO EDUCATIONAL PROGRAMS
FOR WORKING WITH CHILDREN WITH AUTISM SPECTRUM DISORDERS (ASD)....cuiitiiiiiiiie e 126-132

Li-Juan Ru, Qian-Qian Yao, Ming Li.
RISK PREDICTION MODEL FOR ACUTE KIDNEY INJURY IN PATIENTS WITH SEVERE ACUTE PANCREATITIS................133-135

Sawer S. Ahmed, Abdulazeez M. Brifkani, Haval J. Ali, Nasir A. Al Allawi.
FACTORS AFFECTING HEALTH RELATED QUALITY OF LIFE IN ADULT PATIENTS WITH BETA-THALASSEMIA

Liu-Xia Shi, Xiao-Ya Peng, Xiao-Xu Ruan, Rui Li, Wen-Jie Wen, Chao Deng.
WHOLE TRANSCRIPTOME SEQUENCING AND CIRC_HSA 0001847 ON PROLIFERATION AND INVASION OF ORAL SQUAMOUS

Takuma Hayashi, Krishna Prasad Acharya, Sarita Phuyal, Ikuo Konishi.
THE ROLE OF LIVE BIRD MARKETS SHOULD BE EMPHASIZED IN PREVENTING THE SPREAD OF HIGHLY PATHOGENIC
AVIANINFLUENZAINFECTIONS. ...ttt e ettt ettt esaebes et saebeststene e e et en e neenenennenennenennen. [ 90-158

Karapetyan A.G, Grigoryan V.S, Santini C, Pellei M, Del Gobbo J, Dallakyan A.M, Petrosyan Zh.H, Fanarjyan S.A, Danielyan M.H, Nebogova
K.A.
BLOOD AND CYTOGENETIC MARKERS IN EXPERIMENTAL BURNS AND THEIR TREATMENT WITH [CU(LCF‘) ] AND [CU(ADM)

Sharofova M.U, Khalimova F.T, Habasi Maidina, Jiangyu Zhao, Haji Akber Aisa.
ANTIMICROBIAL AND ANTI-INFLAMMATORY ACTIVITY OF PLANT EXTRACTS: PROSPECTS FOR THE DEVELOPMENT OF
COMBINED THERAPEUTIC AGENTS ... ettt ettt ettt sttt sttt se st senesesaeneneesnsesnnn e e e e e e e nenennenne | 04=168



GEORGIAN MEDICAL NEWS
No 2 (359) 2025

FEATURES OF VASOMOTOR RHINITIS (VMR) IN PATIENTS WITH A HISTORY OF
COVID-19 INFECTION

Nato Nakudashvili'?, Levan Ratiani', Tamar Megrelishvili', Elene Saribekovi', Marine Tsabadze', Nina Kipiani', Nino
Intskirveli', Magda Tortladze’, Tea Gabunia*, Shorena Tsiklauri*, Zaza Nakudashvili', George Ormotsadzr’, Tamar
Sanikidze'.

IThilisi State Medical University, Georgia.

National Center of Otorhinolaryngology, Georgia.

$Caucasus International University, Georgia.

*Europian University, Georgia.

’Beritashvili Center of Experimental Biomedicine, Georgia.

Abstract.

Objective: To determine some aspects of the pathogenesis of
VMR in patients with a history of COVID-19 infection and to
evaluate the therapeutic efficacy of a local antihistamine drug.

Design: Data was collected from patients diagnosed with
Vasomotor rhinitis (VMR) (who had COVID-19 more than
6 months ago, group I) and those without COVID-19 (group
II). These patients were filtered to seasonal allergens, a
history of bronchial asthma and/or bronchial hypersensitivity,
chronic rhinosinusitis, nasal polyposis or sensitivity to aspirin,
pregnancy, acute phase of COVID-19 infection, and use of anti-
inflammatory drugs within the last 6 weeks.

Setting: First University Clinics of Tbilisi State Medical
University and the National Centre of Otorhinolaryngology
(Thilisi, Georgia).

Participants: Patients diagnosed with VMR for 6 weeks or
more were selected.

Methods: All patients underwent the instrumental (anterior
and posterior rhinoscopy, endoscopy, rhinomanometry)
examination, the cytological (eosinophils, neutrophils, and
leukocytes count), and biochemical investigations of nasal
smear (the content of nitric oxide (NO)) and blood serum
total antioxidant activity. Patients were treated with intranasal
antihistamine spray - 2 sprays 2 times a day for 10 days. All
studies were performed on patients before and after treatment.

Results: No statistically reliable difference in the initial
insights of the objective and subjective indicators for groups
I and II were detected; the cytological examination of nasal
smears showed that in patients from group I eosinophils,
lymphocytes, an increased number of neutrophils and low-level
of NO were revealed compared to corresponding indicators in
patients from group II. The level of TAA in the blood serum
of patients with VMR was lower than in healthy volunteers
(especially in patients of group I).

Conclusions: In patients with VMR previously exposed
to COVID-19 infection, the intensity of the oxidative stress
and depletion of nasal NO were especially high, causing
the abolishment of protective ability, chronic eosinophilic
inflammation, and airway hyperresponsiveness. Antihistamine
spray is effective for VMR treatment in groups I and II; in
patients with VMR who previously had a COVID-19 infection,
it is necessary to increase the treatment course duration.

Key words. Vasomotor rhinitis, COVID-19 infection,
oxidative stress, Nitric oxide, eosinophilia.

© GMN

Introduction.

Coronavirus disease 2019 is a systemic condition with a wide
range of symptoms related to airways (e.g., cough, dyspnea, and
sputum production) and other systems (diarrhea, abnormal heart
rhythm, and headache) [1]. As of August 8, 2022, more than 581
million positive cases have been reported in the world, whereas
the number of related deaths is over 6.4 million [2]. In Georgia,
approximately 1,7 million people have been diagnosed with
COVID-19, and 16,869 have died from the disorder. Meanwhile,
approximately 12 billion vaccine doses have been administered
worldwide. long-lasting symptoms suffered by 12.8-27.8% of
patients recovering from SARS-CoV-2. It was shown that the
prevalence of post-COVID-19 conditions 28 days to 12 months
after COVID-19 infection was 54% in hospitalized individuals
and 34% in non-hospitalized individuals [3]. A growing body
of literature has shown that symptoms persist for at least
several months in a substantial proportion of people affected by
SARSCoV-2 [3,4]. Shortness of breath, fatigue, joint pain [5],
insomnia and ageusia [5], vasomotor rhinitis, and injuries in the
olfactory neuroepithelium [6] are the most commonly reported
symptoms; they are, therefore, associated with the post-COVID
syndrome (PCS). Given the high prevalence of the history of
COVID-19 in the general population, it is crucial to understand
better the long-term effects of this disease on health.

As practice has shown, rhinitis is common after the transfer
of SARS-CoV-2 [7], although studies in this direction cannot
be found in the literature. Rhinitis is defined as inflammation
of the nasal mucosa, which occurs annually in more than 200
million individuals worldwide [8-10], placing a heavy burden
on society and requiring huge costs for medical treatment.

As practice has shown, rhinitis is common after the transfer
of SARS-CoV-2 [7]. Rhinitis is defined as inflammation of the
nasal mucosa, which occurs annually in more than 200 million
individuals worldwide [8,9], placing a heavy burden on society
and requiring huge costs for medical treatment. Non-allergic
perennial rhinitis, i.e. VMR is a chronic form of non-infectious
rhinitis, clinical signs can last more than 9 months a year and
are characterized by signs and symptoms identical to those of
allergic rhinitis (rhinorrhea, nasal congestion, sneezing, and
post-nasal discharge) [8-10]. Unlike allergic rhinitis, the etiology
of "Nonallergic rhinopathy" (Vasomotor Rhinitis (VMR))
is unknown and is not related to IgE-mediated mechanisms,
infections, structural lesions, systemic diseases, drug use, or
eosinophilia. VMR was defined as "a chronic nasal condition
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with symptoms that may be perennial, persistent, intermittent
or seasonal and/or elicited by recognized triggers" [11]. The
manifestation of symptoms of VMR can be challenged by a
variety of non-specific causes, such as changes in temperature
and/or humidity, strong odors, respiratory irritants, spicy foods,
and alcoholic beverages. In addition, the symptoms of VMR
are characterized by the release of pro-inflammatory mediators
(cytokines, leukotrienes) and cell adhesion molecules (ICAM-
1), which play an important role in the processes of maturation,
migration, and activation of inflammatory cells (eosinophils and
mast cells). There is a correlation between inflammation, the
degree of hyperactivity of the nasal cavity, and the severity of
symptoms of VMR. Literature data indicate the impossibility
of identifying patients with VMR by classical inflammatory
markers [10] there are no special diagnostic tests for vasomotor
rhinitis. The diagnosis is usually based on excluding a causal
relationship with allergic irritants [12].

Despite many strategies for the treatment of VMR, to this
day there is no single treatment regimen; mainly intranasal
corticosteroids and antihistamines are used. The first one
is effective in various forms of eosinophilia and, as a rule, is
ineffective in treating symptoms [13].

Our study aimed to determine some aspects of the pathogenesis
of VMR in patients with a history of COVID-19 infection and to
evaluate the therapeutic efficacy of a local antihistamine drug.

Materials and Methods.

The study was conducted at the First University Clinic of
Thilisi State Medical University and the National Center of
Otorhinolaryngology in Tbilisi, Georgia, from 2020 to 2021.

The study's criteria for inclusion of patients are shortness of
breath through the nose, runny nose, and itching in the nasal
cavity for 6 weeks or more.

Exclusion criteria from the study: patients sensitized to seasonal
allergens, with a history of bronchial asthma and/or bronchial
hypersensitivity, chronic rhinosinusitis, nasal polyposis or
sensitivity to aspirin, pregnant women, patients in the acute
phase of COVID-19 infection, nicotine users, excessive alcohol
users and patients who took anti-inflammatory drugs (nasal
steroids or antihistamines within the last 6 weeks).

Inclusion and exclusion of patients in the study were performed
according to anamnesis data.

For the correct diagnosis and differentiation among types
of rhinitis, a thorough analysis of comprehensive history
(anamnesis) is usually used (symptoms (i.e., duration,
exposures, magnitude of reaction, patterns, and chronicity)
triggers, seasonal variation, environmental influences; allergies,
medical history (i.e., trauma, family, and treatment histories).

The patients with allergic rhinitis were excluded based on
the allergen-specific IgE test, percutaneous skin test [13,14],
and trigger identification [14]. Vasomotor rhinitis is diagnosed
through exclusion; patients should have normal serum IgE levels,
negative skin testing or RAST, and no inflammation on nasal
cytology. The other types of rhinitis were excluded according
to anamnesis data (acute viral rhinitis and rhinosinusitis,
hormonal (caused by pregnancy, oral contraceptive use, and
hypothyroidism), drug-induced rhinitis (angiotensin-converting
enzyme inhibitors, reserpine, guanethidine, phentolamine,
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topical nasal decongestants, aspirin, nonsteroidal anti-
inflammatory drugs, etc.), rhinitis medicaments (Repetitive
use of topical alpha-adrenergic decongestant sprays) [14].
The term vasomotor implies an increased blood supply to the
nasal mucosa, although this suggestion has not been proven.
Symptoms mainly consist of congestion; hypersecretion; and,
less commonly, pruritus and sneezing.

The diagnosis of non-allergic VMR was made based on
subjective (frequency of sneezing, degree of difficulty in nasal
breathing, nature, consistency, color of nasal discharge, as well
as the color of swelling of the nasal mucosa, and turbinate,
impaired olfactory function, general condition of the patient)
and objective (anterior and posterior rhinoscopy, endoscopy
(exclude patients with signs of purulent rhinitis or polyposis
from the study); rhinomanometry (to assess difficulty in
breathing and to exclude patients with concomitant diseases
(curvature, polyposis, nasal valve insufficiency, the degree of
nasal congestion)) studies [14].

The study design was approved by the Ethics Committee of
the National Center of Otorhinolaryngology. After informed
consent, patients were asked to complete the Nasal Obstruction
Symptom Evaluation (NOSE) questionnaire (a simple five-
question, validated survey that uses a 20-point scale to capture
breathing symptoms, with higher scores indicating more severe
symptoms than lower scores to assess the severity of nasal
obstruction) [15].

All patients were antigen-tested or had a negative PCR test for
COVID-19.

The study involved 140 volunteer market vendors (Tbilisi,
Georgia) aged 28 to 58 years, of which 60 (42.9%) were
women, and 80 (57.1%) were men. Patients were divided into
3 groups: Group I - patients with VMR presenting more than
6 months after infection with SARS-CoV-2 (post-COVID-19
complication) (n=58 (30 women, 28 men), 41.5%); Group II
- patients with VMR without COVID-19 (n=52 (32 women,
20 men), 37.1%); in the group III were included healthy
volunteers (n=30 (18 women, 12 men), 21,4%) who more
than 6 months didn’t contract COVID-19. The Group who had
contracted COVID-19 had expressed symptoms of the infection
such as high temperature, cough, runny nose, and sore throat
(mild severity of COVID-19); patients in this group were not
hospitalized.

In all groups 28-35-year-old patients had no comorbidity
and specific medication prescriptions. As for 35-40-year-old
patients’ hyperthyroidism, autoimmune hypothyroidism and
prediabetes were marked. In the same age range third group
patients had no demonstrated comorbidities. In the 40-58 -year-
old patients of all groups (I, II, III) diabetes mellitus, high blood
pressure, autoimmune hypothyroidism, arthritis, and arthrosis
were presented (Table 1).

Persons of groups I and II underwent the instrumental
examination, the cytological (eosinophils, neutrophils, and
leukocytes count) and biochemical investigations of nasal
smear (the content of nitric oxide (NO)) and blood serum total
antioxidant activity. All studies were performed on patients
before and after treatment; on 3-d and 5-th days after the
beginning of treatment, the patient was scheduled to consult an



Table 1. Demographical characteristics of the studied patients (age, gender) and comorbidities.

Gender Comorbidities
male female 28-35 years 35-40 years 40-58 years-
Group I - patients with - ' Diabetes mellitus - 6 patients (4 men, 2
. Hyperthyroidism — 5 patients |'women);
VMR presenting more than . .
) . (2 men, 3 women); High blood pressure - 2patients (2 women);
6 months after infection . o . - .
. 28 30 No Autoimmune hypothyroidism - Autoimmune hypothyroidism - 1 patient (1
with SARS-CoV-2 (post- .
COVID-19 complication) 3 patients (1 man, 2 women); woman);
(n=58) P Prediabetes - 0 Arthritis - lwoman
Arthrosis-0
Hyperthyroidism Diabetes mellitus — 3 patients (1 man, 2
. . 3 patients (1 man, 2 women); women);
Group H. - patients with Autoimmune hypothyroidism - |High blood pressure- 4 patients (3 women, 1 man);
VMR without COVID-19 20 32 No . . .
_ 5 patients (2 men, and 3 Autoimmune hypothyroidism - 2 women;
(n=52) .
women), Arthritis — 0;
Prediabetes - 2 patients (2 men) Arthrosis — 0
Diabetes mellitus - 5 patients (2 women, 3 men);
High blood pressure - 0;
Group IIT - healthy 12 18 No No Autoimmune hypothyroidism — 2 patients (2

volunteers (n=30)

otolaryngologist to assess the general condition and/or identify
possible side effects.

Patients of groups I and II were treated for VMR with intranasal
antihistamine spray- 2 sprays 2 times a day for 10 days. The
healthy volunteers of group III were treated with physiological
solute 2 sprays 2 times a day for 10 days. The drug's mechanism
of action is based on olopatadine's ability to cause inhibition
of the release of biologically active substances - inflammatory
mediators (bradykinin, serotonin, histamine, leukotrienes).

The effectiveness of treatment was assessed according to the
subjective complaints of patients and according to objective
indicators of instrumental examination. For the assessment of
the effectiveness of treatment, we used a simple 3-point system
introduced and successfully tested by local clinical practice
in the National Centre of Otorhinolaryngology (0 score -
asymptomatic patient, 1 score - minor complaints, 2 scores -
moderate complaints, 3 scores - strong, pronounced complaints
(sneezing was assessed by intensity and duration)).

Nasal smears cytological examination.

All participants collected nasal smears by scraping the mucous
membrane of the medial surface of both inferior turbinates with
a sterile cotton swab soaked in saline. The secretions were then
spread thinly onto two glass slides (one for each side) and air-
dried. The slides were numbered and sent to the pathologist for
examination. The smears were stained with the May-Griinwald-
Giemsa stain and the eosinophil, neutrophil, and leucocyte
count was recorded in terms of the number of eosinophils per
high power field (HPF).

As the cells were unevenly distributed in smears, the
eosinophils, neutrophils, and leucocytes were counted in at
least 50 HPFs, and the average count was recorded. This was
done for smears from both the left and right nostrils; finally, an
average of the two counts was calculated.

To prevent subjective judgment by the investigator examining
the smears, all the smears from patients and controls were coded
before they were sent to the pathologist. The same observer
examined all the smears.
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women); Arthritis — 0;
arthrosis — 0.

Measurement of nitric oxide metabolites (nitrite and nitrate)
level (total NOx) in nasal smears.

The samples were collected from all patients from the mucous
membrane of the medial surface of both inferior turbinates with
insertion for 30 seconds of absorbent paper strips, which were
placed in separate tubes. Before measurement of the metabolites
(nitrite and nitrate) level, the paper strips were placed into
physiological saline for 3 minutes.

The level of NOx in the saline samples was determined by a
modified method by Miranda et al. using Griess Reagent. The
absorbance was measured at 540 nm with a microplate reader
(Multiscan GO, Thermo Fischer Scientific, Finland). The standard
curve for NaNO2 was used to calculate the metabolites (nitrite and
nitrate) (total NOx) concentration in the samples [16].

Measurement of total antioxidant activity (TAA) of blood
serum.

TAA was determined in deproteinized blood serum by using
the 2.2-diphenyl-1-picryl-hydrazine (DPPH)-scavenging assay
[17]. Serum samples (I ml) were deproteinized by adding
3ml of acetonitrile and centrifuging them for 10min (4°C,
9500g). A supernatant was immediately collected, and 1 ml was
transferred to a tube, subsequently, 3ml of DPPH was added,
and the resultant solution's absorbance was read at 515nm. A
calibration curve was built with the use of Gallic acid, wherein
the absorbance values were interpolated, and the results were
expressed as equivalents of Gallic acid (%).

Statistical analysis.

To compare the rank alterations, reflected in scores, of the
subjective and objective characteristics of patients in groups
I and II before and after treatment, the nonparametric Mann-
Whitney U test was used. A P value of less than 0.05 indicated
a statistically significant difference.

Statistical significance of differences between nasal smear
cytologic markers (eosinophil, neutrophil, lymphocyte counts,
NO content), and blood plasma TAA levels was assessed using
ANOVA (p< 0.05).



Results.

Results of patients' subjective and objective (instrumental)
examination:

In Tables 2 and 3, subjective and objective indicators of
patients with VMR in groups I and II are presented before, on
the 3rd and 5Sth days after the initiation of treatment, as well
as at the end of the treatment. The study results indicate no
statistically reliable difference in the insights of the objective
and subjective indicators for groups I and II before the treatment
(Table 2, 3, 4). At the same time, the positive results of treatment
appear faster in patients of group II with VMR who have not
undergone COVID-19; these patients showed an improvement
in subjective and objective indicators already on the 5th day of
treatment. On the 5th day of the treatment, subjective indicators
of disease state sharply decreased (Table 2) and the dynamics of
objective indicators were positive in 64% of patients with VMR

from group II (Table 3); on the 10th day of treatment, positive
dynamics were revealed in 78% of patients of group II.

In group I patients with VMR who underwent COVID-19
more than 6 months ago, on the 5th day of treatment the positive
dynamic was detected in 52% of patients, and on the 10th
day - in 62% of patients. An important improvement in the I
group patients’ state was recorded only by the end of treatment.
These data allow us to conclude that in patients with VMR on
the phone of previous COVID-19 infection, it is necessary to
increase the duration of the course of treatment.

Results of nasal smears cytological examination.

In Figure 1 results of the cytological examination of nasal
smears of healthy volunteers, and patients of groups I and II
with VMR before the beginning and after the treatment.

The average number of eosinophils in nasal smears of healthy
volunteers was 0+0,2, neutrophils - 1.5+0.5 and lymphocytes -

Table 2. Average number of subjective indicators in patients with VMR of groups I and II (0 score - asymptomatic patient, 1 score - minor
complaints, 2 scores - moderate complaints, 3 scores - strong, pronounced complaints (sneezing was assessed by intensity and duration)).

Before the beginning of 3 days after the beginning of

5 days after the beginning at the end of the

treatment the treatment of the treatment treatment

Groups 1 group II group I group II group I group II group I group II group
Sneezing 2,9+0,4 2.6+0,3 2,7+0,3 2,6+0,3 2,1£0,4 l*l +0,2* 0,8+0,3* 0,2+0,1* **
Discharge from 25403 2,2+0,4 2,040,4 22403 2,0+0,4 0,5+0,3* 1,9+0,4 0,140, 1% **
the nose =
Obstruction .of 0.6£0.1*
nasal breathing 2,9+0,4 2,5+0,4 2,4+0,4 2,3+0,4 2,4+0,5 O 1,0+0,3* 0,3+0,1%* **
(nasal congestion)

2,2+0,2*
Total score 8,3+0,4 7,3+0,4 7,3+0,4 7,1+0,3 6,5+0,4* 3,7+0,4* 0,6+0,1%* **

ek

*P<0.05 — the difference between the studied parameters and the initial state.

**p<0.05 — the difference in studied parameters between the groups.

Table 3. Objective indicators of patients with VMR in groups I and II.

Before the beginning of 3 days after the beginning 5 days after the beginning at the end of the treatment
treatment of the treatment of the treatment
Groups I group II group I group II group I group II group I group II group
Endoscopy 2,9+0,3 2,8+0,3 2,6+0,3 2,1+0,2%* 2,4+0,5 0,3+0,1* ** 12,0+0,5% 0,240,1* **
Rhinomanometry 23402 2,240,2 2,8+0,3 2,8+0,4 2,1+0,6 0,6£0,2% ** |1,6+0,4* 0,3+0,1* **
Narrowing of 2,803 2,703 2,803 2,403 2,0£0,5  0,7£0,2% %% 1,1£04%  0,4+0,2% **
the nasal passage
Total score 8,0+0,3 7,7+0,3 8,2+0,3 7,3+0,3* 6,5+0,5* 1,6+0,2% ** 14,7+0,4* 0,9+0,1* **

*P<0.05 — the difference between the studied parameters and the initial state.

**p<0.05 — the difference in studied parameters between the groups.

Table 4. Statistical significance of the differences between the parameters of subjective and objective characteristics of I and Il groups of patients
before the beginning and after the end of treatment (Wilcoxon matched-pairs signed-rank test).

N Characteristics 7

1 Sneezing 1.388

2 Discharge from the nose 0.431
Obstruction of Nasal Breathing

3 . 1.388
(nasal congestion)

4 Endoscopy 1.277

5 Rhinomanometry 0.188

6 Narrowing of the nasal passage 1.136

Before the beginning of treatment
0.1650
0.666
0.165

0.201
0.850
0.255

At the end of the treatment

p-value Z p-value
4.106 <0.001
4.372 <0.001
3912 <0.001
4372 <0.001
4.372 <0.001
4.197 <0.001
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Figure 1. An average number of the eosinophils (a), neutrophils (b), and leucocytes (c) in the nasal smears (1/50 HP) of patients of groups I and Il
with VMR before and after the treatment.
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Figure 2. Total NOx level in the nasal smears of healthy volunteers, and patients of groups I and II with VMR before the beginning (1) and after
the treatment (2).
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Figure 3. TAA level of blood serum of healthy volunteers, and patients of groups I and 1l with VMR before the beginning (1) and after the treatment
(2) (calibration curve was built with the use of Gallic acid, wherein the absorbance values were interpolated, and the results were expressed as

equivalents of Gallic acid (%)).

0+0,3; these data matched the normative values of inflammatory
cells in the nasal smears of adults detected by Zhang Y. et al
(2014) [18]. In nasal smears of patients with VMR of the group
I mean eosinophils, lymphocytes, and neutrophils counts before
the treatment were importantly higher than the respective
insights in patients of the control group; in the II group mean
eosinophil and lymphocytes counts were not different and
neutrophils number was 4.4 times more than the respective
insights in healthy volunteers.

After treatment, the values of the studied indicators decreased
significantly, however, in the patients of the first group, they still
significantly exceeded the control level, while in the patients of
the second group, they approached the control.

Results of the Measurement of Total NOx Level.

Figure 2 shows the results of the measurement of total NOx
level in the nasal smears of healthy volunteers, and patients of
groups I and II with VMR before the beginning and after the
treatment.

As seen in Figure 2, the level of NO in nasal smears of patients
with VMR developed after more than 6 months of COVID-19
infection (group I) was 69%, and in patients with VMR who did
not undergo COVID-19 (group II) - 189% of the level in healthy
volunteers.

After the treatment, the level of NO in both studied groups
was changed towards the control insights (group 1: F = 1.35; p
=0.258; group 2: F =12.01; p=0.001).

Results of measurement of total antioxidant activity (TAA)
of blood serum.

Figure 3 shows the results of the measurement of TAA of
blood serum of healthy volunteers, and patients of groups I and
II with VMR before the beginning and after the treatment.
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As seen in Figure 3, the level of TAA in the blood serum of
patients with VMR (groups I, and II) was lower than the level of
TAA in the blood serum of healthy volunteers (by 66% and 31%,
respectively). After the treatment level of TAA in both studied
groups was increased (group 1: F = 2.43; p = 0.135; group 2: F
= 1.15; p = 0.297), but in patients with VMR developed after
more than 6 months of COVID-19 infection (group 1), its level
was statistically significantly lower than in control (F = 8,6; p
=0.001).

Discussion.

It has been reported that about 80% of hospitalized patients
with COVID-19 for several months after discharge had long-
term health complications, manifested by at least one symptom,
particularly fatigue and dyspnea, disorders in the respiratory
tract [3-6]. Despite numerous studies of patients with post-
COVID complications, this clinical condition is not yet well
understood and its biomarkers and their close association
with various residual symptoms after recovery have not been
established. The pathophysiology, risk factors, and management
of post-COVID-19 are currently poorly understood.

We studied indicators of inflammation and oxidative stress in
the patients with VMR, who had COVID-19 more than 6 months
ago (group I) and did not have COVID-19 (group II). Our study
results show that no statistically significant differences have
been found between subjective characteristics and the values of
objective indicators of instrumental examination in patients of
groups I and II.

Results of cytological examination show, that in the nasal
smears of patients with VMR who had COVID-19 more than
6 months before (group I), eosinophils, lymphocytes, and
neutrophils counts were importantly higher, and the level



of NO in nasal smears of these patients was 64% lower than
the respective insights in healthy volunteers. In nasal smears
of patients without COVID-19 infection (group II) neutrophil
number was 4.4 times higher, the level of NO was 31% lower,
and mean eosinophil and lymphocyte counts were not different
from the respective insights in healthy volunteers.

Vasomotor rhinitis is a term often used to describe rhinitis
symptoms associated with nonallergic, non-infectious triggers
with no clear etiology after the conclusion of an exhaustive
search for a diagnosis. The pathophysiology of nonallergic
rhinitis is complex, with still much to be discovered. The disease
is characterized by heterogeneity in the clinical phenotypes
and inflammatory profile [19]. VMR diagnosis is often made
by exclusion according to any features of allergy in the nasal
cytology (eosinophils) and the nasal allergen provocation test
[20,21]. Hence, more studies and reliable biomarkers are needed
to identify the VMR endotype accurately.

As follows from the results of the cytological examination
of nasal smears of patients with VMR who had COVID-19
more than 6 months before, eosinophils, lymphocytes, and
an increased number of neutrophils were revealed compared
to corresponding indicators in patients with VMR without
COVID-19. These data suggest that the pathogenesis of the
VMR developed after COVID-19 infection likely includes
the nonspecific release of histamine and chronic eosinophilic
inflammation [22].

Sustained inflammation contributes to the systemic
hyperinflammatory state and hyper-coagulopathy which are
cardinal pathological mechanisms of severe stages of viral
infection and in the development and progression of further
complications by disrupting tissue (via autoantibodies), blood
flow (e.g. immune thrombosis) and neurotransmitter metabolism
(e.g. excitotoxicity) [23].

Investigations have shown that in the pathogenesis of
COVID-19 infection, oxidative stress (an imbalance between
the production and accumulation of cellular reactive oxygen
species (ROS) and antioxidant defense) plays a significant role,
that may lead to DNA mutations, injury to the mitochondrial
respiratory chain, modifications of membrane permeability,
and inactivation of the antioxidant defense systems [24,25].
After a viral infection, the body may experience prolonged
inflammation, reduced antioxidant defense, and increased
oxidative stress. This can trigger long-lasting anti-inflammatory
processes, reducing the inflammatory state, restoring immune and
oxidative balance, and preventing multiple organ dysfunction.
If this compensatory reaction is insufficient, oxidative stress
and inflammation usually reinforce each other, contributing to
the systemic hyperinflammatory state, which has a wide variety
of organ involvement and causes many symptoms, known
as post-COVID-19 symptoms. Although studies examining
the pathophysiology of the post-COVID-19 syndrome are
still relatively few, there is growing evidence that this is a
complex and multifactorial syndrome involving virus-specific
pathophysiological variations that include many mechanisms,
specifically oxidative stress, immune dysfunction, and persistent
inflammation [23-25]. In this regard, it is important to assess the
contribution of inflammatory and oxidative processes to cellular
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and tissue damage mechanisms during various post-COVID-19
complications.

According to the results of our studies. level of TAA in the
blood serum of patients with VMR (groups I, II) was lower than
the blood serum TAA level in healthy volunteers, this decrease
was especially significant in patients with VMR developed
about 6 months after COVID-19 infection (66% compared to
control); these data indicate that oxidative stress in patients with
VMR earlier exposed to COVID-19 infection is especially high
and its important role in the pathogenesis of post-COVID-19
VMR. The intensive release of oxygen free radicals can
cause epithelial damage and induce both the lower and nasal
airway hyperresponsiveness [26], contributing to the release of
histamine and the development of eosinophilic inflammation in
patients earlier exposed to COVID-19 infection.

At the same time, the level of NO in nasal smears of patients
with VMR developed after more than 6 months of COVID-19
infection (group I) decreased (was 69% of the level in healthy
volunteers) and in patients with VMR, who did not undergo
COVID-19 (group II) importantly increased (was 189% of
the level in healthy volunteers) in comparison to control level.
Nitric oxide (NO) is an important mediator of the various
biological processes, which participate in managing the body's
immune and inflammatory responses [27-29]. All three isoforms
of NO-synthase (NOS) (constitutive - endothelial (eNOS) and
neuronal (nNOS), and inducible (iNOS)) are presented in the
human nasal mucosa [30]. The majority of NOS in the human
nasal airway is associated with the nasal epithelium. Nitric
oxide can act as a scavenger of oxygen-free radicals, including
superoxide [30]. Therefore, the production of basal levels of
NO, by the epithelium, could represent a defensive mechanism
and decrease the susceptibility of the epithelium to oxidative
damage, resulting in hyperresponsiveness [30].

In a hyper-inflammation state, oxidative stress conditions
increase iNOS expression and a rise in NO production is
possible. Excess NO readily reacts with the superoxide anion
to form cytotoxic peroxynitrite; this induces epithelial cell
damage, and nasal airway hyperresponsiveness and increases
the severity of VMR. The clinical studies confirm that the NO
content in the upper and lower respiratory tract is a validated
marker of airway inflammation [26].

Therefore, a basal level of NO production may be protective
against airway hyperresponsiveness, excessive NO release,
possibly mediated by an upregulation of iNOS during
chronic inflammation, may be destructive and cause airway
hyperresponsiveness. It is established that the nasal NO level is
significantly higher in patients with allergic rhinitis compared
to healthy people, while in patients with nonallergic VMR, it
was significantly lower (especially in patients with VMR who
showed eosinophilia in nasal swabs) [29]. Nasal NO can be
identified as a diagnostic marker of patients previously exposed
to COVID-19 infection and without it.

Based on the results of the study, we can conclude that
the pathogenesis of VMR of a patient previously exposed
to COVID-19 infection is characterized by especially high
oxidative stress intensity, inducing depletion of TAA in the
body, oxidative degradation of NO, lowering of nasal NO



content, causing the abolishment of its protective ability against
airway hyperresponsiveness and development the chronic
eosinophilic inflammation.

For VMR treatment, we used local intranasal antihistamine
spray, reducing the effects of the inflammatory mediators
(bradykinin, serotonin, histamine, leukotrienes) in the body.

The results of our study indicate a positive effect of the
treatment with intranasal antihistamine spray in patients with
VMR (groups I and II). At the same time, it should be noted
that positive treatment results are detected faster in patients
with VMR who have not undergone COVID-19 infection
(group II). These patients showed an improvement in subjective
and objective parameters already on the 5th day of treatment
- subjective indicators sharply decreased in 64% of patients,
the dynamics of objective indicators were positive and on day
10 of the treatment, their normalization was observed in 78%
of patients. In patients with VMR who had COVID-19 at least
6 months ago (group I) on the 5th day of treatment, positive
dynamics were detected in 52%, and on day 10 - in 62% of
patients.

After the treatment in patients of both studied groups, TAA
increased (especially in group I), and the level of NO changed
towards the control insights (that indicates the decrease of
oxidative degradation of nitric oxide and restoring its protective
effect against airway hyperresponsiveness}. Accordingly,
at the end of the treatment mean eosinophils, lymphocytes,
and neutrophils counts in nasal smears of patients with VMR
decreased significantly and in group II approached the control
level, however, in patients with VMR previously exposed to
COVID-19 infection (group I) still importantly exceeded the
control level.

Based on the results of our studies, the proposed treatment
regimen with the local intranasal antihistamine spray can be
recommended for patients with vasomotor rhinitis, both with
and without COVID-19 infection. The study results indicate
that patients with VMR who had previous COVID-19 infection
may require an extended treatment course.

Conclusion.

In patients previously exposed to COVID-19, VMR infection
intensity of the oxidative stress and depletion of nasal NO
were especially high, causing the abolishment of protective
ability, chronic eosinophilic inflammation, and airway
hyperresponsiveness. intranasal antihistamine spray is effective
for VMR treatment in groups I and II. In patients with VMR
who previously had COVID-19 infection, it is necessary to
increase the treatment course duration.
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