BE3OMNACHOCTb ®APMAKOTEPAIMWU NPU COVID-19 / SAFETY OF COVID-19 PHARMACOTHERAPY

YIK 615.065:615.28:619.9 R) Check for updates
https://doi.org/10.30895/2312-7821-2022-10-1-19-33

0630pHas cTaTba | Review F@C BY 4.0

BEPMEKTUH: OLEHKA 3PPEKTUBHOCTU
n 6e3onacHocTM npu COVID-19

E.B. LLly6HukoBa ™, H.A. CycekoBa?, T.M. bykatuna?, M.C. Fanenko'?, A.A. lpy>kuHuHa!

! MepepanbHOE rocyapCTBEHHOE GHOAXETHOE YUpPEXAEHUE
«HayuHbIl LeHTP 3KCNepTU3bl CPEACTB MEAULMHCKOTO NPUMEHEHUSY
MuHUcTepcTBa 34paBooxpaHeHuns Poccuitckoit Mepepaumy,
MeTtpoBckuit 6-p, 4. 8, cTp. 2, Mockea, 127051, Poccuiickas Menepaums

2 MepepanbHOE rocyapCcTBEHHOE aBTOHOMHOE 06pa3oBaTefibHOE yupexaeHue Bbicero 06pa3oBaHus
«[MepBblit MOCKOBCKMIM roCyAapCTBEHHbIN MeAUUMHCKUIA yHUBepcuTeT uM. .M. CeueHoBa»
MuHucTepcTBa 3apaBooxpaHeHuns Poccuickot Mepepaumm (CeyeHoBCKMI YHUBEPCUTET),

Tpy6eukas yn., 4. 8, cTp. 2, MockBa, 119991, Poccuiickas Pepepauus

< KoHTakTHOE nnuo: Ly6HukoBa EneHa BnapgumuposHa shubnikovaev@expmed.ru

PE3IOME

Mouck apdekTMBHOM M 6e3onacHoi Tepanum COVID-19 npoBoaMTCS B TOM uynciie MyTeM M3yyeHUs IPdeKTUB-
HOCTW NpenapaToB, YXXe UCNOb3yeMbIX A9 NeYeHUs pasnnyHbix 3abonesaHnin u obnafatoWwmx noTeHUManbHoMI
NPOTMBOBUPYCHOM aKTUBHOCTbIO B OTHOweHUM SARS-CoV-2. AKTyanbHOCTb NMpenCTaBAEHHOrO UCC/efoBaHMUS
onpepenseTcs HEOAHO3HAYHbIMU AAHHBIMU O HE PEraMeHTUPOBAHHOM MHCTPYKLIMEA NPUMEHEHUM NPOTMBONapa-
3UTapHOro npenapata MBEpMeKTUH ANs neveHuns nauneHTos ¢ COVID-19. Lenb paboTbl — aHanun3 apGekTUBHOCTH
n 6€30MacHOCTM NpUMeHeHns nBepmekTuHa npu neyeHmnn COVID-19 no gaHHbIM Hay4HOW nuTepaTypsbl. MiBepmek-
TUH — NPOTMBOMAPA3MTaPHbIA Npenapar 13 rpynmnbl MaKpOLMKANYECKUX NAKTOHOB, NPOAYUMpPYEMbIX Streptomyces
avermitilis, ycunuBaeT BbIpaboTKy TOPMO3HOr0 HelipoMeanaTopa raMMa-aMMHOMACSIHOW KMCNOTbI, YTO MPUBOAUT
K HapyLUeHMI0 Mepefayn HePBHbIX UMMYbCOB, Mapaanyy u rubenv napasuToB. Pe3ynbTaTbl AOKIMHUYECKMX UCCTIe-
[LOBaHWI CBMAETENbCTBYIOT 00 MHIMOMPYIOLWE aKTUBHOCTU MBEPMEKTUHA B OTHOWeHUK paga PHK- u OHK-supy-
coB, BKto4Yas SARS-CoV-2. Pe3ynbraTbl KNIMHUYECKMX UCCNEA0BAHNI HEOLHO3HAYHbI: B pSAE MCCNef0BaHMI NokKa-
3aHO NONOXMTENbHOE BIMSIHWE UBEPMEKTMHA Ha cocTosiHME nauneHToB ¢ COVID-19, TeM He MeHee ybenuTenbHble
foKasatenbcTBa 060CHOBAHHOCTM M 3D HEKTUBHOCTU NPUMEHEHUS UBEPMEKTUHA ANS MPODUNAKTUKM U NTeYeHns
naumenToB ¢ COVID-19 B HacToswee BpeMs oTCyTCTBYHOT. [Ipodumnb 6e30nacHOCTU MBEPMEKTUHA OTHOCUTENBHO
6naronpusaTHbli. HeobxoAanMbI KpynHble paHLOMU3MPOBAHHbIE KOHTPOAMPYEMbIE UCCNeA0BaHNS, PE3YNbTaTbl KO-
TOpbIX NO3BONAT B NOJIHOM Mepe OLEHUTD LiesiecoobpasHoCTb NpuMeHeHus nsepmekTuHa npu COVID-19.

KntoueBbie cnoBa: nsepmekTuH; SARS-CoV-2; COVID-19; kopoHaBupycHas nHdekuus; 3pdeKTUBHOCTb; be3onac-
HOCTb; HeXxenaTebHble peakumu; neyeHne COVID-19
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ABSTRACT

The search for an effective and safe COVID-19 therapy involves, among other things, assessment of efficacy of
medicines already used for the treatment of other diseases, and having potential antiviral activity against SARS-
CoV-2. The relevance of the presented study stems from ambiguous data on the off-label use of the antiparasitic
medicine ivermectin for the treatment of COVID-19 patients. The aim of the study was to analyse ivermectin
efficacy and safety for COVID-19 treatment, as reflected in the scientific literature. lvermectin, an antiparasitic
medicine from the group of macrocyclic lactones produced by Streptomyces avermitilis, stimulates release of the
inhibitory neurotransmitter gamma-aminobutyric acid, which leads to impaired transmission of nerve impulses,
paralysis and death of parasites. The results of preclinical studies show ivermectin’s inhibitory activity against a
number of RNA and DNA viruses, including SARS-CoV-2. The results of ivermectin clinical studies are ambiguous:
a number of studies demonstrated a positive effect on the condition of COVID-19 patients, however, there is
currently no convincing evidence of the validity and efficacy of ivermectin use for the prevention and treatment
of COVID-19 patients. The safety profile of ivermectin is relatively favourable. Large randomised controlled trials
are needed to fully assess the feasibility of using ivermectin in COVID-19.

Key words: ivermectin; SARS-CoV-2; COVID-19; coronavirus infection; efficacy; safety; adverse drug reactions;
COVID-19 treatment
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BeBepeHue

MaHoemus KOpOHaBMPYCHOM nHdeKLMn
COVID-19 (Coronavirus disease 2019) ctana ce-
pbe3HbIM WCMbITAHWMEM AN CUCTEM 3[4paBOOXpa-
HeHus Bcex cTpaH. o cocTosHuio Ha 14 despans
2022 r. (paHHble YHuBepcuTeTa [oHca XONKUHCA),
YUCNO 3aperucTpupoBaHHbBIX C/IyYaeB 3apakeHus
SARS-CoV-2 B Mupe coctasuno 412 056 317, netano-
HbIX UcxonoB — 5 817 341 ins neuenns COVID-19
MCNONb3YIOT JleKapCTBEHHble MpenapaTtbl pasfinu-
HbIX apMakonorMyeckmx rpynmn, Ho, Kak Npasuno,
Tepanus HOCUT NOAAEPXMBAOWMIA U CUMITOMATH-
Yyeckui xapakTep, a Nouck 3 deKTUBHbLIX U Be3onac-
HbIX cpencTB npotnB SARS-CoV-2 npoponxaetcs?,

! https://coronavirus.jhu.edu/

B cnoxuBluencs cuTyauum akTUBHbIM NMOUCK NPOBO-
[AMTCS B TOM uMciie Cpeam AaBHO M3YYeHHbIX npena-
paToB, pa3peLleHHbIX K NPUMEHEHUIO ANS NeYeHUS
Apyrux 3abonesaHui [1].

M3BecTHO, YTO NPOTMBOMANSpUIiHbIE Npenaparhl
W, B YaCTHOCTU, XJIOPOXUH U TMAPOKCUXSTIOPOXUH UH-
rmbupytoT pH-3aBUCHMbIE CTaAMM penanKaumm paaa
BMpYCOB, 0OKa3blBasi, B TOM 4MUCNe, CUAbHOE BAUS-
Hue Ha SARS-CoV-2, noatomy B 2020 r. 3T npena-
paTtbl OblAK BKJIKOYEHBI B PS4, NPOTOKOJIOB NEYeHUS
COVID-19 BKuTae, Utanuu,a3atem 1 B 60NbLIMHCTBE
cTpaH Mupa. OgHako ux 3ddeKTUBHOCTb B KIMHU-
YEeCKMX YC/IOBUAX OKa3anacb 3HAYUTENIbHO HMXKe
pe3ynbTaToB, MOMYYeHHbIX B 3KcnepumeHTe® [2].

2 MpocunakTuka, [MarHocTMKa U neYeHne HoBoM KOpoHaBupycHoi uHdekumm (COVID-19). BpeMeHHble METOAMYECKUE pEKOMEHAALMM.
Bepcus 14 (27.12.2021). MuHuctepcTo 3npaBooxpaHenus Poccuiickoit @epepaumu; 2021,
> Vademecum per la cura delle persone con malattia da COVID-19 — versione 2.0 2020. SIMIT Societa Italiana di Malattie Infettive e

Tropicali Sezione regione Lombardia; 2020.
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Kpome TOro, onbiT MCNONb30BaHUS XJIOPOXM-
Ha W TUMOPOKCUXJIOPOXMHA B peanbHOM 3nupe-
MMONOrMYECKOW CUTyauMu BbISIBU PUCK pa3Bu-
TUS Cepbe3HbIX HexenaTenbHbix peakuun (HP),
M OT MpUMeHeHus 3Tux npenapatos npu COVID-19
npuWAoch oTkaszatbes* [3, 4].

B pe3ynbrate nocnenyowmx CKPUHUHIOBBIX UC-
CNef0BaHUI B LLeHTpe BHMMaHWUS OKasancs Apyron
npoTMBONAapa3uTapHbid  NpenapaT, WBEPMEKTUH,
MUMeKLWnin NoTeHUMan ANS UCNONb30BaHNUS B Kaye-
CTBE NPOTUBOBMPYCHOro cpeactea [5-9]. B 1997 r.
3TOoT npenapat 6bin1  opobpeH YnpasneHuem
MO KOHTPOJII0 33 Ka4yecTBOM MNPOAYKTOB MUTAHUS
n nekapcteeHHbix cpeacTts CLWIA (Food and Drug
Administration, FDA) gns neyeHus oHxouepkosa
W CTPOHTUIONL03a Y YenoBeka’®. B HeKoTopbIX CTpa-
Hax OblN0 NpeasoXeHO WCNoAb30BaTb MBEpPMEK-
TMH He no HasHadeHuw (off-label) — ana npodu-
NaKTUKU U NeyveHusa NaumeHToB C nerkon dopmon
UK Ha paHHux cTagusax COVID-19 — 6e3 ybeau-
TeNbHbIX A0KA3aTeNbCTB ero Moj0XUTEeNbHOIo 30-
tekTa® [10, 11].

B 2021 r. BcemupHas opraHusauusa 34paBo-
oxpaHeHus (BO3), FDA®, EBponeickoe areHT-
CTBO MO fekapCTBeHHbIM cpeacTtBam (European
Medicines Agency, EMA)°, ®paHuy3ckoe areHTCTBO
no nekapcTBeHHbIM cpeacTeaM (Agence Nationale
de Sécurité du Médicament et des Produits de Santé,
ANSM)!% AreHTCTBO NO KOHTpOA 3a 6e3onacHo-
CTb0 NNEKAPCTBEHHbIX CPEACTB U MEAULMHCKUX U3-
penunt Hoeon 3enanamm (New Zealand Medicines
and Medical Devices Safety Authority, Medsafe)'!
M MuHuCTepcTBO 34paBooxpaHeHus  KaHapgbl
(Health Canada)'? pekoMeHZOBanM He MCMNOMb30-
BaTb MBEPMEKTUH AN NPOPUNAKTUKM UK IeYEHUS

naumeHToB ¢ COVID-19 BHe KNMHMYECKMX uccChe-
[LOBaHUM, TaK KaK HEJOCTAaTOYHO AAHHbIX, Xapak-
TepusyLwmx ero 3phekTUBHOCTb M Be30MacHOCTb
npu 3TOM 3a60neBaHuUuU.

B ceHTa6pe 2021 r. AMepuKaHCKas MeaAnLMHCKas
accoumauma (American Medical Association, AMA),
AMepukaHckagsaccoumnaumns dapmauesTos(American
Pharmacists Association, APhA) u AmepukaHckoe
obuLecTBo GapmMaLEeBTOB CUCTEM 34,PAaBOOXPAHEHUS
(American Society of Health-System Pharmacists,
ASHP) ony6nukoBanu 3asBneHue, B KOTOPOM Bbl-
pa3uinM 0becnoKOeHHOCTb yBe/lMveHWeM B 5 pas
KOnu4yecTBa obpaLLeHnii B TOKCMKONOTUYECKME LLeH-
TPpbl M3-32 MpUMEMA MBEPMEKTMHA MO CPABHEHWIO
C UCXOAHBIM YpOBHEM L0 naHaemuun®® [11]. LleHTpebl
Mo KOHTPONK M npodunakTuke 3abonesaHun
(Centers for Disease Control and Prevention, CDC)
pPEKOMEHA0BANN MEeAULMHCKMM paboTHWKAM He MUC-
Nnonb30BaTb MBEPMEKTUH AN NIEYEHUS MALMEHTOB
¢ COVID-19, nopuepkmBas B becefax C naumeHTa-
MW TOKCMYeckue 3ddekTbl npenapaTa: TOLWHOTY,
pBOTY, AMapeto, Npu nepeno3vpoBKE — pa3BUTUE
apTepuanbHOM  TUMNOTEH3WM,  HEBPOJOTUYECKMX
pacCTPOMCTB, TaKMX KaK HapyLleHWe CO3HaHuS, ran-
JIOUMHALMK, CYLOPOTrH, KOM3, A TAKXKE BO3IMOXHOCTb
neTanbHoro ucxopatt.

Lenb pabotbl — aHanu3 ahPeKTUBHOCTU U Be3-
ONacHOCTU MPUMEHEHUS MBEPMEKTUHA MpuU neve-
Hun COVID-19 no gaHHbIM Hay4YHOM NUTepaTypsl.

MNpoBeneH MNOUCK MHGOPMAUMM B HAYYHbIX
nybnmMKaumax, MHAEKCUpyeMblX B Haszax AaHHbIX
eLIBRARY.RU, PubMed®, Cochrane Library, Google
Scholar,0cHOBaHHbIM Ha CnefyoWUX TEPMUHAX U UX
KoMbUHaumax: «ivermectiny, «efficacy», «safety»,
«adverse drug reaction», «SARS-CoV-2 infection»,

* FDA cautions against use of hydroxychloroquine or chloroquine for COVID-19 outside of the hospital setting or a clinical trial
due to risk of heart rhythm problems. FDA; 2020. https://www.fda.gov/drugs/drug-safety-and-availability/fda-cautions-against-use-

hydroxychloroguine-or-chloroguine-covid-19-outside-hospital-setting-or

> https://www.merck.com/product/usa/pi_circulars/s/stromectol/stromectol pi.pdf

6 FLCCC Alliance response to all national and international health agency recommendations against ivermectin in COVID-19.
https://covid19criticalcare.com/wp-content/uploads/2021/05/FLCCC-Alliance-Response-to-Leading-National-Health-Agencies.pdf

RM_270-2020-MINSA.Republica del Peru ministerio de salud. May 8,2020. https://cdn.www.gob.pe/uploads/document/file/694719/

RM_270-2020-MINSA.PDF

Ministerial Resolution No. 259 from the Gobierno del Estate Plurinacional de Bolivia Misterio de Salud. May 20, 2020.
https://www.minsalud.gob.bo/component/jdownloads/download/27-comunicado-oficial/425-resolucion-ministerial-n-0259

7 https://www.who.int/ru/news-room/feature-stories/detail/who-advises-that-ivermectin-only-be-used-to-treat-covid-19-within-

clinical-trials

& https://www.fda.gov/consumers/consumer-updates/why-you-should-not-use-ivermectin-treat-or-prevent-covid-19

° https://www.ema.europa.eu/en/news/ema-advises-against-use-ivermectin-prevention-treatment-covid-19-outside-randomised-

clinical-trials

10 https://ansm.sante.fr/actualites/lansm-publie-sa-decision-sur-la-demande-de-rtu-pour-livermectine-dans-la-prise-en-charge-de-

la-maladie-covid-19

1 http://www.medsafe.govt.nz/safety/Alerts/ivermectin-covid19.htm

2 https://healthycanadians.gc.ca/recall-alert-rappel-avis/hc-sc/2021/76365a-eng.php

3 https://pharmacist.com/APhA-Press-Releases/ama-apha-ashp-call-for-immediate-end-to-prescribing-dispensing-and-use-of-

ivermectin-to-prevent-or-treat-covid-19-outside-clinical-trials
1 https://emergency.cdc.gov/han/2021/han00449.asp
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«treatment COVID-19» (6e3 orpaHuyeHus no pare
u Tuny nyénukauuun). MNonHOTEKCTOBble BepCUM
CTaTel OLEHMBANM KayeCTBEHHO, MHDOPMaLMUIO
CyMMMpOBanu onucaTenbHo. [poBefdeHbl Takxe
NMOUCK PaHAOMM3UPOBAHHbBIX KIMHUYECKUX Mccne-
posaHun (PKWN) B peructpe KAMHUYECKMX MUccne-
posanuit clinicaltrials.gov®®, nouck uHbopmaumu
B MHCTPYKUMAX MO MEAMULMHCKOMY NPUMEHEHMUIO
NeKapCcTBEeHHbIX NpenapaTos.

O6Lasa xapaKTepUCTUKa MBEPMEKTUHA

MBepMeKTUH Obll pa3paboTaH B MHCTUTYTE
Kutacato (finoHns) B 1967 r. npu KynbTUBUPO-
BaHUM aKTUHOMUUeTa Streptomyces avermitilis.
B 1987 r. npenapat ofobpeH NS NIeYeHUS OHXO-
Lepko3a (peyHon cnenoTbl), Bbi3biBaeMoro ¢wung-
puew Onchocerca volvulus w nepepnaBaemMoro ye-
NoBeEKY Npu yKyce MHOULMPOBAHHBIX MOLIEK poaa
Simulium [12-14].

MBepMEKTUH — MaKpOUMKIMYECKUA NaKTOH,
npeactasnsgeTr coboi KOMMNIeKC M3 aBepMeKTu-
Ha Bla (=80 %) n aBepmekTuHa Blb (=20 %), no-
NYCUHTETUYECKUX  MPOM3BOAHBIX  NPUPOLHBIX
aBepMeKTMHOB, obnagaeT HEeMaTOUMAHbIMMU, WH-
CEKTULUMAHBIMM M aKapauuAHbIMU CBOMCTBAMM.
JddekTUBEH NpU OHXOLEPKO3e, CTPOHIMIOMA03e,
ackapupose, dunapmnosHbix nHdekumax. Mpenapar
TaKXe WCNOoMb3yT AN JIeYeHUs Manspuu, Tpu-
NMaHOCOMO3a, FOJIOBHbIX BLUEH, 4YEeCOTKM MU neu-
wMaHuo3a. [lepopanbHas ¢opMa uMBepMeKTMHA
paspelleHa K npuMeHeHuto Bo PpaHuuu, AnoHum,
Huaepnanpax, CILUA n Asctpanuu [5]. B Poccumn
B utoHe 2016 r. 6bin 3apernctpupoBaH 1% kpem
MBEPMEKTMHA ANS NeyeHus posauea’s. MNpenapat
LWMPOKO NpUMeHseTcs B BeTepuHapuun®’ [13, 14].

MexaHu3M gencrTeud nBepMeKTUHa

MNBEepMEKTUH — CENEeKTUBHbIN MONOXUTENbHbIV
annoctepuyecknin mopynsatop [AMK-3aBucuMbIx
W rNyTaMaT-3aBUCUMbIX XJIOPULHBIX KaHANoB, pac-
MONIOXEHHbIX B K/IETKaX HEPBHOM M MbIWEYHOM
cucTeM y HeMaTton M HacekoMmbix. [pu Bo3Byxae-
HWUM peLenTopoB, YYBCTBUTENbHbIX K raMMa-amu-
HoMacngHon kucnote (TAMK), B cuHanTuueckyto
wenb BbICBOOOXAAETCS MenMaTop TOPMOXEHUS
FAMK, KoTopbit CBS3bIBAeTCS C KOMMIEKCOM pe-
uentopa AMK-xnopHoro kaHana A-tuna v npwu-
BOAWT K TMOBbIWEHUIO NPOHMLAEMOCTH MeMObpaH
0N WOHOB XNIopa C nocnenywouwen runepnons-
pusaumen u 6nokagon nepepayun Bo3byxXaeHMs

Mex Ay MeMBpaHaMu KNeTOK HEPBHOM U MblLLIEYHOM
TKaHeW. 3TO NPUBOAMT K PA3BUTUIO aTOHUYECKOro
mapanuMya coMaTUYecKMX Mblll, 0COBeHHO rno-
TOYHOrO Hacoca, u rnbenu napasutos [12, 15-17].

Y HacekoMbix 1 HemaTop peuentopbl FTAMK sB-
NATCS OCHOBHBIM BUAOM TOPMO3HbIX PELEeNTOPOB,
pPacnonoXeHHbIX B nepudepnyeckon HepBHOM CU-
cteMe. MIMeHHO noaToMy uBepMeKTUH obnapaet
BbIpaXXEHHOM MHCEKTOAKapULMOHOM U HEMATOUMA-
HOM aKTUBHOCTbI, HO HE3(DPEKTUBEH B OTHOLIEHMM
uecton u Tpemartog, y kotopbix TAMK He aBngetcs
HepomeauatopoM [12].

Ewe opHOM MuWlEHbIO OEWCTBUS WMBEPMEKTU-
Ha SBNAKTCA MNMUUMHAKTUBMPYEMbIE peLEenTopbl
ueHTpanbHon HepsHoM cuctembl (LHC). 3ddekT
MBEPMEKTMHA HA [IMLUMHOBbIE W TNyTaMaTHble
peuenTopbl aHANOMMYeH ero B3aMMOAENUCTBUIO
¢ TopMo3HbIMK TAMK-peuentopamu [15-17]. TAMK-
YyBCTBUTE/NbHbIE HEWPOHbI MEKOMUTAKLWMX pac-
nonoxeHol B8 LUHC » 3awmiieHbl rematosHueda-
nmyeckuMm bapbepoM (I'3B), no3ToMy MBEPMEKTUH
Ha HMX He BamseT [12, 17].

B psame wuccnepoBaHuii  6bI10  nokasado,
4TO MBEPMEKTUH 0bnafaeT NpOTUBOBUPYCHOM ak-
TUBHOCTbIO B OTHOWEHWKU pas3nnyHbix PHK- n JHK-
BMPYCOB in vitro v in vivo [8, 9]. U3HayanbHO 6bina
onpepenieHa cnocobHOCTb MBEPMEKTUHA UHIUMOU-
poBaTb B3aMMOAENCTBME MeXAY MWHTEerpasHbiM
6enkom u retepognumepom umnopTuHa (IMP) a/pl,
OTBETCTBEHHbIM 33 S4EPHbIA MMNOPT WMHTErpas-
Horo 6enka v penauMKauu BUPYCOB TUXOPALKM
Lenre n BUY-1, a B HacToswee BpeMs OLEHMBA-
etcs ero 3QPeKTUBHOCTb B OTHOLEHMU BUPYCa
SARS-CoV-2 [6-9, 18, 19].

MBepMeKTHH, KpOMe Toro, MoXeT 6J10KMPOBaThb
peniMKaumio WMpPOKOro cnekTpa BUPYCOB nocpen-
CTBOM MHrMbuposaHua o/pfl-onocpenoBaHHOro
MMMNOPTMHOM I 4€PHOM0 MMMNOPTa BUPYCHbIX BEKOB.
CornacHo onybAMKOBaHHbIM pe3ynbTaTaM uccne-
LOBaHMWI, UBEPMEKTUH MOXET BbI3blBaTb AUCCOLMA-
UM npenBaputenbHoO ChOPMUPOBAHHOIMO reTepo-
ammepa IMP a/Bl, oTBETCTBEHHOrO 3a TpaHCNopT
BMPYCHbIX 6e/KOBbIX YacTuL, a Takxe npenoTspa-
WwaTb ero obpasoBaHMe NOCPEACTBOM CBSA3bIBAHUS
¢ pjoMeHoM nosTopa IMPa apmagunna (ARM), Baunss
Ha TepMoCTabWNbHOCTb M a-cnMpanbHOCTb IMPa.
lokasaHo, YTO MBEpPMEKTUH MHrMbupyeT B3auMMo-
nencreune BupycHoro 6enka NS5 c IMPa. SanepHbii
TPaHCMOPT BUPYCHbIX BENKOB MMeeT BaKHOe 3Ha-
YyeHue ONS UMKNA penaukauum u MHrmbupoBaHus

15 Database of privately and publicly funded clinical studies conducted around the world. https://clinicaltrials.gov/

1 https://grls.rosminzdrav.ru/Grls_View_v2.aspx?routingGuid=9dc6cb2c-797a-4a39-bcca-11blcdcb8b53 &t=
7 Tablets Stromectol® (lvermectin). https://www.merck.com/product/usa/pi_circulars/s/stromectol/stromectol_pi.pdf

https://www.drugs.com/ivermectin.html
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NPOTMBOBUPYCHOM peakumMu XO039MHa, M03TOMY
BO34eMCTBME HA 3TOT npouecc MoxeT bbiTb addek-
TMBHbLIM TepaneBTMYeCKUM nogxonom npotus PHK-
BMpYyCOB [6, 9, 18-20].

Mockonbky SARS-CoV-2 asnsetca PHK-Bupycowm,
TO, BeposiTHO, npenapaT OyaeT oOkasbiBaTb BAUS-
HME Ha BO3OyaMTeNns Yepes Te Xe MexaHW3Mbl,
ytTo W npu B3aumogencTsmum ¢ ppyrumm  PHK-
Bupycamu [19, 20]. L. Caly u coasr. B 2020 r. coobuu-
M 0 NPOTMBOBUPYCHOW aKTUBHOCTU MBEPMEKTUHA
npotuB SARS-CoV-2. MccneposaHue 6bino npose-
LEHO in vitro NnocpeacTBOM UHOULMPOBAHUA Kie-
Tok Vero/hSLAM wusonatom SARS-CoV-2 Australia/
VIC01/2020 ¢ MHOXeCTBEHHOCTbI0 MHOULMPOBAHUS
(MOI) 0,1 B TeueHue 2 4 c nocneapyowmm gobasne-
HMEM 5 MMonb MBEpPMeKTMHA. AHanNu3, NpoBefeH-
HbIM C MOMOLLbBIO NOSIMMEpPa3HON LenHOM peakuuu
¢ obpartHoi TpaHckpunumnent (OT-MLP) Ha pennwuka-
umto PHK SARS-CoV-2, nokasan, 4To oAHOKpaTHOe
BBEEHME MBEPMEKTUHA B [03€ 5 MMO/b CHWXaeT
pennaukaumio supycHon PHK B 5000 pa3s B knet-
Kax Nnoykun adpuKaHCKOM 3eneHon MapThbilwku Vero/
hSLAM uepe3 48 u [19]. ABTOpbl NpeanonoXuau,
YTO MBEPMEKTUH MOXET CHUXATb BUPYCHYIO Harpys-
KY Y MHOULMPOBAHHBIX MALMEHTOB, BAMSAS HA NpoO-
rpeccMpoBaHue 3ab6oneBaHus, 0LHAKO MeXaHU3Mbl
Takoro gewcTeusa He Bbinm npuseneHsl [19].

MpoTMBOBMpPYCHAs aKTMBHOCTb MpenapaTa
MOXeT OblTb CBS3aHa U C APYrMMM MeEXaHWU3Ma-
MW, ONS BbIACHEHUS KOTOPbIX Bblna u3yyeHa BO3-
MOXHOCTb MOJIEKY/IIPHOMO LOKMHIA MUBEPMEKTUHA
¢ panom muweHei SARS-CoV-2 [21-23]. Tak, aHa-
13 faHHbIX in silico, nposepeHHbin A. Choudhury
M COaBT., NPOAEMOHCTPUPOBAJ, YTO peanusauus
NPOTUBOBUPYCHOW aKTUBHOCTM MBEPMEKTUHA MO-
XeT MpouCXoAuTb MyTeM CBSA3bIBaHMS €ro C Ta-
KUMU MOJEKYNaMU-MULLEHSIMU, KAK CNank-6enok
(S), ocHoBHas npoTeasa, penauvkasa u peuenTo-
pbl CepuMHOBOM npoTeasbl (transmembrane pro-
tease, serine 2, TMPRSS2) yenoseka [21]. B opy-
romMm uccneposaHun, npoeeseHHom AF. Eweas
W COaBT., UBEPMEKTUH MOKa3an BbICOKYL apduH-
HOCTb CBSI3bIBAHMS C Pa3AU4YHbIMU Benkamu-mu-
weHamMn  SARS-CoV-2, Bkatouyas cnavk-6enok
(S) n membpaHHbin (M) 6enok, AHK-3aBucumyto
PHK-nonumepasy, HykneonpoTewHbl, BUPYCHblE
npoTeasbl u nspl4 (HeCTPYKTYpHbIM 6enok ¢ amu-
HOKOHLEBbIM OOMEHOM, Kogupylwmi 3k3opubo-
Hyknea3sy ExoN, koTopas HeobxoauMa gnsa pennum-
Kauuu C BbICOKOM TOYHOCTbIO) [22].

B uccnepnosanumn S. Lehrer u coasT. 6612 onu-
CaHa BO3MOXHas MoAefb NPAMOro MNpoTUBOBU-
pyCHOro AeWCTBMS npenapata NocpeacTBOM ero
CTbIKOBKM B 06nactu nerumHa 91 cnavik-b6enka

SARS-CoV-2 u ructuguHa 378 peuentopa ACE-
2 KNeTKM-X035MHa C nocaepytowen 61o0kagoi npo-
HUKHOBEHMS BMpYyCa B KNeTky [23].

[poTuBOBOCNANUTENBHOE AEUCTBUE WMBEPMEK-
TUHA 6bINI0 NMOKa3aHO Ha MOAEeNU annepruyeckon
ACTMbl Y XXMBOTHbIX. IBEPMEKTUH B KOHLLEHTpaLMK
2 MI/Kr BbI3blBaJl 3HAYUTENbHOE CHUXEHME peKpy-
TUHFA MMMYHHbIX KNETOK, NPOAYKLUMM LUTOKMHOB
B XXWMAKOCTM OpOHX0anbBEONSIPHOrO NaBaxa, ce-
Kpeumun ummyHornobynuHos IgE u IgGl B cbiBO-
poTKe, CeKkpeuuu cau3n 60KanoBUAHLIMU KieT-
KaMu abixaTesnbHbiX NyTen [24]. B uccneposaHum
X. Zhang v coaBT. 6bI10 NOKa3aHo, YTO UBEPMEKTUH
NoAaBAAN NPOAYKUMIO MHTepnenkuHa IL-6 un dak-
Topa Hekposa onyxonu a (Tumor necrosis factor
a, TNFa), ABYX OCHOBHbIX KOMMOHEHTOB «LMTO-
KMHOBOrO LUTOPMa», BbI3BaHHOro SARS-CoV-2,
pe3ko CHuxkan cooTHoweHue IL-6/IL-10, LPS-
MHOYLMPOBAHHYIO TPaHC/IOKAUMIO TPaHCKpUMLM-
oHHoro ¢aktopa NF-kB, cTpecc-akTMBupyeMmbix
knHa3z MAP JNK 1 p38, a Take y4yacTBOBan B UHMU-
6upoBaHuun nepenaum curHanos TLR4, moaynupys
ncxop nHdekunm [25-28].

MonaralT, 4YTO  WMBEPMEKTUH  BbICTynaeT
KaKk annocTepuyeckuin MoaynsaTop peuentopa
P2X,. CemeictBo peuentopoB P2X — 370 KaHa-
Nbl, U3bUpaTenbHble NO OTHOWEHUID K KaTMOHAM,
ynpaBnseMble BHekneToYHbIM AT® u onocpeny-
oWMne HeCKoNbko (YHKUMK. M3 cemun cybbeau-
HuL peuenTopoB P2X Hanbonee 4yyBCTBUTENbHbLIM
K uBepMeKkTuHy asnsetca P2X,. MonoxuresnbHas
annocrepuyeckas Moaynsaumsa P2X, uBEpMEKTUHOM
ycunueaeT AT®-onocpeloBaHHYO CEKpeuuto npo-
BocnanutenbHoro xemoknHa CXCL5 (C-X-C Motif
Chemokine Ligand 5). CXCL5 npeacTtasnget cobom
XeMOaTTPaKTaHTHY MOJEKyNy, 3KCMpeccupyto-
LLYIOCS BOCMANUTENbHBIMU KNETKAMU B PA3INYHbIX
TKaHAX U MOAY/NMPYIOLWY XeMOTAaKCUC HENTpodu-
NOB U yaaneHne xeMoknHos [29, 30].

KpomMe TOro, He WCKMOYEHO, YTO MBEPMEKTUH
obnapaet csoicTeamu noHodopa. MoHodbopbl — 370
MONEKyAbl, KOTOPble WUMET rMAPOdUNIbHBIA Kap-
MaH, NpeacTaBnsaoWwmin cobon cneundburyeckunin cant
CBS3bIBaHWSA A9 OAHOIO WM HECKOSIbKUX MOHOB
(06bI4HO KAaTMOHOB), B TO BpeMS Kak ero BHeLIHAS
MOBEPXHOCTb fBNsSeTcs rmapodobHOi, 4TO No3BO-
nset obpa3oBaHHOMY TakuM 06pa3oM KoMMeKcy
nepecekaTb KJeTOYHble MeMbpaHbl, BAMSS Ha rna-
pO3/1eKTPONUTHbIN HGanaHc. BeposaTHo, aBe Moneky-
Nbl UBEPMEKTWHA, pearnpys Apyr ¢ 4pYyroM no tuny
«ro/I0Ba—XBOCT», MOTYT CO343BaTb KOMIMIEKC, KO-
TOPbIN BbI3bIBA€T MOHHbLIA AMCOANaHC, U3MeHas no-
TeHuMan MeMbpaHbl BUpYCa, Hapylwas ee QyHKUMO-
HMPOBaHME M LEeNoCTHOCTb. MloHodOopbl No3BONSIOT
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Puc. 1. Bo3MOXHble MEXaHU3Mbl AEWCTBUS MBEPMEKTUHA

Fig. 1. Possible mechanisms of ivermectin action

HeMWTPanM30BaTb BUPYC Ha paHHeMN CcTaguun mHdek-
LMK Npexae, YeM OH CMOXET MPUKPENUTLCS K KneT-
KaM-x03seBaM, NPOHUKHYTb B HUX WM HayaTb NPOU3-
BOJACTBO ApYrMX BUPYCHbIX YacTuu, [31-33].

Bo3MoXHble MexaHW3Mbl AeACTBUS UBEPMEKTU-
Ha obbeauHeHbl Ha pucyHke 1. Tem He MeHee nps-
MbIX A0OKa3aTeNbCTB B NOJb3y Kakoro-nmbo u3 me-
XaHW3MOB OENCTBMS MBEPMEKTMHA B OTHOLEHWUU
SARS-CoV-2 B HacTosLee BpeEMS HET.

HecMoTps Ha To uTo nonyyeHHblie L. Caly u co-
aBT. A@HHblE O HAa/NMYMKU NPOTUBOBUPYCHOM aAKTUB-
HOCTU MBepMeKTHHa in vitro [19] obHagexmBalorT,
AN [OCTUXEHUS 3PEDEKTUBHOM B OTHOLUEHWUM
SARS-CoV-2 KOHUEHTpauuu MBEPMEKTMHA in Vivo
B NJia3Me KPOBM YeNoBeKa MOXeT NnoTpeboBaThbCs
ucnonb3oBaHMe npenapaTta B A03aX, NpeBblWato-
wmux B 50-100 pa3 paspeweHHble FDA pgns neve-
HMS NapasuTapHbix 3aboneBaHuii y yenoseka [34].
besonacHoM pa3peleHHOW AN NPUMEHEHUS Y Ye-
noseka cuutaetca gosa <200 MKr/kr, a B 6onee Bbl-
COKMX [033aX UBEPMEKTUH MOXET NPUBOAUTL K pas-
BUTUIO cepbe3Hbix HP [11, 34, 35].

BaxHo oTMeTUTb, YTO Npenapat 6bin1 NpoTecTu-
pOBaH TOMbKO in Vitro ¢ UCNONAb30BaHUEM KNETOK
NOYKM aPPMUKAHCKOM 3eNeHOM MapTbILWKKU U He Npo-
Wwen NpoBepKy Ha KakWX-TMbo NUHUAX U3 nerou-
HbIX KNIeTOK, KOTOpble MMEIOT peluatolee 3Ha4YeHne
ang nopaxenus supycom SARS-CoV-2 y niogen.

Bbonee TOro, He YyCTaHOBNEHO, [AEWCTBUTENBHO
M CHWXeHue KoHueHTpaumn PHK SARS-CoV-2 no-
Cne BO3OENCTBMS MBEPMEKTMHA NpUBEAET K CHU-
XXEHWI0 TUTPOB BUpyca [36, 37].

Mpexne 4eM paccMaTpuBaTbh MBEPMEKTWH
Kak npenapaT A1 WKWPOKOrO MCNOJSIb30BaHUA B Ka-
yecTBe MPOTMBOBUPYCHOrO areHTa, HeobxoAwMmo
npoBecTM noApobHble ucCciefoBaHUS ero Aew-
CTBUS in VIVO W in Vitro Ha Pa3nnYHbIX XMUBOTHbIX
MOLENSAX U CUCTEMAX KNETOYHbIX KYIbTYp.

APPeKTUBHOCTb NPUMEHEHUS
meepMeKTuHa npmu COVID-19

B HacToswee BpemMsa Ha calTe KpynHewwen
MeXAyHapoAHoM 6a3bl AaHHbIX KAMHUYECKUX MUC-
cnepoBanuit clinicaltrials.gov 3aperncTtpupoBaHo
84 KNUHMYECKUX WCCNef0BaHMS, HanpaBieHHbIX
Ha u3ydyeHue 3ddekTUBHOCTM M Be3onacHoCTH
MBEPMEKTUHA NPU NeveHnn u/mnum npodunaktmke
COVID-19, n3 Hux no cocTosHuio Ha 14 despans
2022 r. 3aBepuweHo 30,

B peTpocnekTMBHOM KOrOpTHOM MCC/ieAo0Ba-
Hum J.C. Rajter M coaBT. NpoOAEMOHCTPUPOBANM
CHWXeHWe neTanbHOCTU B rpynne nauueHToB, no-
NYYaBLUMX UBEPMEKTUH, MO CPABHEHUIO C FPYyNmMoM
MauWeHTOB, MpPU JIEYEHUM KOTOPbIX MBEPMEKTWH
He npumeHsncs (15,0 npotus 25,2%; oTHOWeEHHUE
puckos (OP) 0,52, 95% pnoBepuTenbHblit MHTEpPBaAN

18 Database of privately and publicly funded clinical studies conducted around the world. https://clinicaltrials.gov/
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(an) 0,29-0,96, ypoBeHb CTAaTUCTUYECKOM 3HAYK-
moctn p=0,03), 0cobeHHO y NaLUMEHTOB C TSXeNOM
¢dopmon COVID-19 (38,8 npotus 80,7%; OP 0,15,
95% [ 0,05-0,47, p = 0,001), Ho 6e3 cywecTBeH-
HbIX pa3nMymni B YacToTe 3KCTybauum (36,1 npoTtms
15,4%; OP 3,11, 95% AW 0,88-11,00, p = 0,07) [38].

B apyroMm wuccnenoBaHuW,  BbIMOAHEHHOM
A. Elgazzar u coasrT. [39], npuHsanm yyactue 600 na-
LMEHTOB, PaHAOMM3MPOBAHHLIX B 4 rpynnbl eve-
Huga (no 100 naumeHTOB) M 2 rpynnbl NPOGUNAKTH-
kn (no 100 nuu, KOHTaKTHbIX C MHOULMPOBAHHBIMM
COVID-19). B rpynnbl 1 n 2 BXoAMAU NALMEHTBI C Ner-
KWUM UK CpefHUMTeveHneMm 3aboneBaHus. MNaumeHTol
rpynnbl 1 nonyyanu uepmektuH 0,4 Mr/Kr u CTaH-
BApTHOe nleyeHune, rpynmnbl 2 — rMAPOKCUXIOPOXMH
400 ™r 2 pasa/cyT B nepsble cyTku, 3atemM 200 mr
2 pasa/cyT B TeyeHue 5 cyT, M CTaHAapTHOE fieyeHue.
lpynnbl 3 1 4 BKAKOYANM TONLKO TSHXKeN0BONbHbIX Na-
LMeHTOoB. llauneHTbl rpynnbl 3 nofyyanu uBepmek-
T1H 0,4 Mr/Kr B COMETAHMM CO CTAHAAPTHbLIM NeYeHu-
€M, rpynnbl 4 — rMAPOKCUXIIOPOXMH U CTaHAAPTHOE
nedyenue. Mo pesynbtaTamM MCCNeAOBaHMA Y MNauu-
eHTOoB B rpynnax 1 1 3, npMHMMaBLIMUX UBEPMEKTHH,
Habnaanocb CTaTUCTUYECKU 3HAYMMOE CHUXKEHUe
CKOpOCTW nporpeccupoBaHus 3abonesanus (1 npo-
™B 22%, p < 0,001). Takxe B rpynnax 1 un 3 Ha-
61100210Cb 3HAYMTENIBHOE CHWXXEHWE NeTaNbHOCTH
(O n 2% cooTBETCTBEHHO) MO CPABHEHMIO C rpynnamm
2 n 4, roe NauMeHTbl NPUHUMANU TMAPOKCUXIOPOXMH
(4 v 20% cooTBeTCcTBEHHO). B rpynnax 3 u 4 Taxe-
No60NbHbIX MALMEHTOB PasnnyMs B UCXoAax Obiau
ewe 6onblue, c 6onee HU3KUMKU NOKa3aTeNs MU Npo-
rpeccupoBaHus 3abonesanus (4 npotmus 30%) v ne-
TanoHocTh (2 npotus 20%, p < 0,001). Kpome TOrO,
MBEPMEKTUH OKaszanca 3pdekTuBHbIM ang npodu-
naktukn 3apaxenunsa SARS-CoV-2: B rpynne 5, roe
YYACTHUKM UCCNeOOoBaHUS MPUMEHANM  CPeacTBa
WHOMBWUAYANbHOM 3aLUMTbl BMECTE C MBEPMEKTUHOM,
Habn[anocb 3HAYUTENIbHOE CHWXEHME YacToTbl
MHOULMPOBAHUS NPU MEAULMHCKMX UM BbITOBbIX
KOHTAKTax (2%) no cpaBHeHWIO C rpynnom 6, rae uc-
No/ib30BaNNCh TONMbKO CPeacTBa WHAMBWMAYAsbHOM
3awmTbl (10%) [39].

R. Mahmud u coaBT. B paHAOMWU3UPOBAHHOM
LBOMHOM cfienoM nnauebo-KoOHTpONMpyeMOM MC-
CnefoBaHMK BbiSBUAM Honee paHHee BbI3JOpOBe-
HWe y 363 NauMeHTOB C Nerkomn u cpeaHen Gopmon
COVID-19 Ha ¢poHe Tepanuu uBepMeKTUHOM 12 mr
B COYeTaHuu ¢ pgokcuumknmioM 100 mr 2 pasa/cyt
B TeyeHMe 5 CyT B [OMONHEHWe K CTaHAapTHO-
My JleYeHWo NO CPaBHEHW C rpynnoi nnauebo.
MaumneHTbl ¢ MHbekumen COVID-19 nerkon u cpen-
Hel cTeneHu TAXKEeCTW, NoayyasluMe MBEPMEKTMH
B COYETaHMMU C AOKCUMUMKIWHOM, Bbl3A0PaBIMBANM

Ha 2 CyT paHblue U UMEeNM MeHbLUY BEPOSTHOCTb
nporpeccupoBaHus 3aboneeBaHus no 6onee Tsaxe-
noix dopm. Cpepun 400 naumeHToB y 9 Habnoaa-
nocb passutue HP (2,5%), ns Hux y 7 passunacb
avcnencusa (1,75%), a y aByx Tepanus 6biia npe-
KpaleHa B CBA3M C pa3BMTMEM 3PO3MBHOMO 330-
daruTa. Tpu naumeHTa B rpynne naauedbo ymepnu
OT AblXaTeNIbHOM HeA0CTaTOYHOCTM U3-3a MHEBMO-
Hun, cega3aHHoM ¢ COVID-19, yepes 8, 22 n 28 cyt
nocne paHAOMU3aLMKU, OHKU UMenn Bonee BblICOKMI
CpenHui BO3PacT, YeM BbKMBLLIME (63 roga NpoTmB
39 ner) [40].

E. Lopez-Medina v coaBT. npoBenu ABOMHOE
cnenoe  paHAOMM3MPOBAHHOE  MCCNefoBaHue
C uenbto onpepenenns 3¢deKTUBHOCTM uUBep-
MeKTMHa npwu Tepanun nerkon dopmbel COVID-19
y 400 B3pocsbix NauMeHToB 060€ero nosna B BO3-
pacte oT 29 no 48 neT, pasaeneHHblX Ha ABe rpyn-
nol. [epBas rpynna naumenTos (n = 200) B TeyeHne
5 cyT npuHmumana neepmekTuH B fose 300 MKr/kr
Maccobl Tena, BTopas rpynna — nnauebo (n = 200).
NccnepoBaHue 3asepwmnn 398 nauneHTos (99,5%).
lokasaHo, 4TO cpefHee BpeMs WMCYE3HOBEHUA
cuMnToMoB y nauneHTos ¢ COVID-19 B obeunx rpyn-
Max CywWweCcTBEHHO He pa3nMyanocs 1 coctasuno 10
CyT (MeXKBapTUAbHbIM pa3Mmax IQR 9-13) B rpynne
MBEpPMEKTMHA No cpaBHeHuto ¢ 12 cyT (IQR 9-13)
B rpynne nnauebo (OP 1,07, 95% OMU, 0,87-1,32,
p = 0,53). K 21 cyT ucyesnm cumntombl y 82% na-
LMEHTOB B rpynne uBepmMekTMHa u'y 79% B rpynne
nnaue6o. Hanbonee yacton HP y naumeHToB 06€EMX
rpynn 6bina ronosHas 6onb — 104 naumnenTa (52%),
nonyyaswux neepmekTuH, n 111 (56%), nonyuas-
wux nnauebo. Hanbonee yacToi cepbesHon HP
6bl1a NONMOPraHHasN HeJoCTAaTOYHOCTb (4 mauuex-
Ta — N0 2 naumeHTa B Kaxaou rpynne) [41].

B nccnepoBanumn M.A. Rahman v coasT. 6bina
u3yyeHa >3PpGdeKTUBHOCTbL M Be3onacHoCTb npu-
MEHEeHMS MBEPMEKTMHA B KOMOWMHAUMM C AOKCU-
UMKJIMHOM B CPaBHEHWWU C TMAPOKCUXJOPOXMHOM
B KOMOWHauUMM ¢ asutpomuumnHom y 400 naumeHTOB
cnerkumn cpegHum teveHnem COVID-19. MaymeHTsl
u3 rpynnel 1 (n=200) nonyyanu neepmMekTuH (18 mr
B nepBble CYyTKM) n gokcuumnkamH (100 mr 2 pasa/cyT
B TeyeHue 5 cyT), Toraa Kak nauMeHTbl rpynnbl 2 (n =
200) nonyyanu rugpokcmuxnopoxmt (800 Mr B nep-
Bble cyTku, ganee 400 mr/cyT B TeyeHne 10 cyT)
n asutpomuumH (500 Mr B nepeble CyTKW, Aanee
250 mr/cyt B TeueHune 4 cyT). CornacHo nony4ex-
HbIM pe3ynbrataM, NeYyeHne UBEPMEKTUHOM B CO-
YyeTaHMM C LOKCMUMKNIMHOM cnocobcTBoBano 6o-
Nee paHHeMY BUPYCHOMY KJIMPEHCY Y MauMeHToB
¢ COVID-19 nerkom v cpeaHei CTeneHun TaxecTy (Ha
51 6 cyT BUPYCHbIN KNMpeHC cocTaBmn 66 n 83,5%
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COOTBETCTBEHHO), YEM MpPU NEYEHUU KOMOUHALMEN
TMAPOKCUXNOPOXMHA M asuTpoMuumHa (Ha 11 cyT
77% v Ha 12 cyT 81,5%). BupycCHbIit KnupeHc onpe-
nenanu metogoM OT-MLP Ma3ka u3 Hoca U rNOTKM.
B ob6eux rpynnax Habnwopanocb pasButme cnepyto-
wmnx HP: aHopekcunsa (23,5  31% cOOTBETCTBEHHO),
avapes (12 n 7%), peota (3,5 1 2%), KOXHas Cbinb
(10 n 1%). Hu B ogHoW 13 rpynn He Habnwaanoch
cepbe3Hbix HP [42].

B 10 xe Bpemsa M. Chowdhury u coasT. npose-
N CpaBHUTENbHOE UccnefoBaHne 3QPEeKTUBHOCTH
n 6e30MacHOCTM NPUMEHEHUS MBEPMEKTWMHA B CO-
YeTaHMMU C LOKCUMUMKIIMHOM U TMAPOKCUXI0POXMHA
B COYETAHMWU C A3UTPOMULMHOM MNPU NleYeHun na-
unenToB ¢ COVID-19 nerkor n yMepeHHoOM cTeneHu
TsxecTu. MNaumeHTbl 6binnM pasgeneHsl Ha 2 rpyn-
nbl, nepeag rpynna (n = 60) nonyyana uBepMeKTHH
(200 Mkr/kr ogHOKpaTHO) U AokcuumkamH (100 mr
2 pa3a/cyt B TedyeHne 10 cyT), a BTOpasg (n= 56)
nony4ana rugpokcmxnopoxuH (400 Mr B nepsble
cyTku, ganee 200 mr 2 pasa/cyT B AeHb B Te4yeHue
9 cyT) n asutpomuumH (500 Mr/cyT B TeueHue 5 cyT).
Mo pe3ynbTaTam UcCNefoBaHUS NeYeHne UBEpPMeK-
TMHOM B COYETaHUMU C AOKCULMKIMHOM NPeBOCXO-
AMNO NlevyeHne rmapoKCUXI0POXMHOM B COYETAHUU
C a3UTPOMWULMHOM NO BPEMEHM WCYE3HOBEHUS
CMMNTOMOB (CMMNTOMATMYECKOE BbI3J0POBEHUE)
M NO BPEMEHM [0 MNOAy4YeHWUs OTpuLaTENbHOro
pesynbTaTa aHanusa [IUP, ogHako 3Ta pasHuua
He 6blna CTaTUCTMYECKM 3HAaYMMOW. B nepsoii rpyn-
ne nauueHToB Habniopanuce cnepyowue HP: Ba-
noctb —y 14 (23,3%), TowHoTta — y 11 (18,3%) v ro-
nosokpyxenune —y 7 (11,66%). Bo sBTopow rpynne
y 13 nauneHToB (23,21%) pa3Bunocb NoOMyTHEHUE
3peHus U ronosHas 6onb, y 22 (39,2%) — BANOCTb
n ronoBokpyxenue, y 10 (17,85%) — 6pagmkapans
ny9(16,07%) — TowHoTa u peoTa [43].

[laHHble MeTaaHanu3a, MOCBALEHHOIO OLEH-
Ke 3(Q®dEeKTUBHOCTM NPUMEHEHUS WBEPMEKTUHA
npu nedveHnn COVID-19, ocHoBaHHOro Ha 19 PKU
C yyactuem 2768 nauMeHToB, NOKasanu, 4To BKJIIO-
YeHMe MBEPMEeKTMHA B CXeMy Tepanuu nauueH-
TOB MPUBOAMNO K CHWXKEHUIO TSXKECTU TeYeHUs
COVID-19 (OP 0,43, 95% AuM 0,23-0,81, p = 0,008),
CHuXeHuto netansHoctn (OP 0,31, 95% [OM 0,15-
0,62, p = 0,001), yBenuyeHuto 4acToTbl OTpULA-
TenbHbix pesynbtatos OT-MLUP Tecta (OP 1,23, 95%
ONn 1,01-1,51, p = 0,04), cokpaweHnio BpeMeHu
[0 oTpuuaTenbHbix pesynbtatoB OT-TMLUP TecTa
(cpepHss pasHuua MD -3,29,95% 1N -5,69, -0,89,
p = 0,007), k 6bonee BbICOKOW 4acToTe obnerye-
Hua cumntomos (OP 1,23, 95% AN 1,03-1,46, p =

¥ https://ivmmeta.com/

0,02), bonee KOPOTKOMY BpeMeHM A0 obneryeHus
cumntomos (MD -0,68, 95% AWN-1,07, -0,29, p =
0,0007) n cokpaleHno BpeMeHn rocnuTanmsaumum
(MD -2,66, 95% N -4,49, -0,82, p = 0,004) [44].

MeTaaHanu3 24 PKW, kacawowmxca apdekTuns-
HOCTU NPUMEHEHWUs MBEPMEeKTWHA AAS npodunak-
TMkn n nevennsa COVID-19, c yuyactuem 3406 na-
LMEHTOB BbISIBUN CHUXEHWE NEeTaNbHOCTU Ha 62%
(cpegHuin koadbduumeHt pucka aRR 0,38, 95%
O 0,19-0,73) n cHWXKeHuMe pucKa 3apaxkeHus
COVID-19 Ha 86% (95% OW 79-91%). NpumeHeHune
MBEpMeKTMHa Ans neyeHuns naumerHtos ¢ COVID-19
He NpUBENO K yBENMYEHUI0 YaCTOTbl Pa3BUTUS TS-
xenbix HP (@RR 1,65, 95% AN 0,44-6,09; cTatu-
CTUYeckas HeogHopoAHoCTb 12 = 0%, HM3KMI4 no-
KasaTesb JOCTOBEPHOCTH). B rpynne neepmekTuHa
661110 3aperncTpupoBaHbl 7 ciiydaeB Taxkenbix HP:
33odarmut (2 cnyyas), runoHatpuemusa (1), bpea,
BO36yXAeHWe, arpeccMBHOE OTHOWEHWE U U3Me-
HEHHOE COCTOSIHME CO3HaHMA (2) M NonMopraHHas
HefOoCTaTOYHOCTb (2), @ B KOHTPONIbHOM rpynne —
NOAMOPraHHasg HeAoCTaTOYHOCTb (2) [45].

B 10 e BpeMs no pe3synbraTaM MeTaaHanM3a
14 PKU v 3 HabnwopaTenbHbIX MCCNefoBaHUI 3bh-
($eKkTMBHOCTM M H6e30MacHOCTU MPUMEHEHUS UBEP-
MeKTUHa y 2724 B3pocnbix naumeHtos ¢ COVID-19
NeyeHue 3TUM MpenapaToM He MPUBENO K 3HaYu-
TENIbHOMY CHWXKEHUIO NeTasbHOCTH, HE COKpaLLano
BpPEMS BMPYCHOTO KJAMPEHCA, MPOAOJIKUTENIbHOCTD
rocnuTanMsaumm, 4acToTy NPUMEHEHWs Y MNauueH-
TOB MCKYCCTBEHHOW BeHTUNAUMKU nerkux (MBJ1) [46].
OueHka npodung 6e30nacHOCTU MBEPMEKTMHA MNO-
Kasana, 4To ero nNpuUMeHeHue ANS NeYeHns naumeH-
ToB ¢ COVID-19 He NnpMBOAUT K YBEIMYEHUIO HACTOTbI
pa3BuTua cepbesHbix HP: 8 10 PKW ¢ yuacTtnem 1767
nauneHtos ¢ COVID-19 vactoTa passutna HP cocTa-
guna (OP 1,05, 95% [N 0,62-1,80) npun oTCyTCTBUM
CTaTUCTMYECKOW HeogHopoaHocTH (I2= 0%, ypoBeHb
3HaummocTn P B Cochran’s Q Test = 0,62), B 8 PKU
¢ yyactnem 1254 naumeHToB C HeTsxkenon dop-
mMon COVID-19 yactoTa cepbesHbiX HexenaTesbHbIX
asneHun coctasuna (OP 1,10, 95% AW 0,85-1,44)
npy OTCYTCTBUM CTAaTUCTUHECKOW HEOLHOPOAHOCTM
(7= 0%, P B Cochran’s Q Test = 1,00) [46].

B HayuyHoW nuTepaType MMeTCA AaHHble
06 MCNoNb30BaHMM UBEPMEKTMHA B KayecTBe
npodunakTnyeckoro cpeacresa npotus COVID-19.
lpoBeaeHHbIV NO cOCTOSHMIO Ha 29 pekabpsa 2021 .
MeTaaHanus 14 uccneposanunin (4 PKU u 10 obcep-
BALMOHHbIX) MOKA3a/ CHUXXEHUE PUCKA 3apaXEHUS
Ha 85% B BbIbopke 8789 maumeHTOB (OTHOCUTENb-
HbIi puck RR 0,15 (0,09-0,25), p < 0,0001)%.
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Kpome TOro nokasaHo, 4to B cTpaHax Adpukuy,
rae perynsipHo Ha3HayalTcs npenapatbl, B TOM YUC-
Ne UBEPMEKTUH, ANg NPODUNAKTUKM NAapa3UTapHbIX
uHbekumin (bunapuatos, oHxouepkos), 3abonesa-
emocTb COVID-19 MeHble, yeM B CTpaHax, rae Ta-
Kyt NpodunakTuKy He npoBoasT. Tak, pe3ynsTathl
nccneposanmna M.D. Hellwig u coaBT. cBupetens-
CTBYIOT 0 Bosnee HM3KOW yacToTe 3aboneBaeMocT
COVID-19 y naumeHTOB, NOAYYaBLUMX UBEPMEKTUH
B fo3ax 150-200 mkr/kr (p < 0,05) [47].

TakuM 06pa3om, cpesim CNeunanmncToB OTCYTCTBY-
eT elMHOe MHEeHWe No MoBoAy LenecoobpasHocTH
MCNONb30BaHUS MBEPMEKTWMHA ANS NIeYeHUs nauu-
eHToB ¢ COVID-19. HecMoTpa Ha TO 4TO pe3ynbra-
Tbl HEKOTOPbIX PaHAOMMU3MPOBAHHbLIX KJAMHUYECKUX
1 06CcepBaLMOHHBIX UCCNE0BaHMI, a TaKxe uccne-
[OBaHMI TUNA KC/TY4aM—KOHTPONb» NOATBEPXKAAIT
CHUXEHWe nokasaTtenein neTanbHOCTU U Npeanona-
ratoT NoTeHuManbHy 3QPeKTUBHOCTb MBEPMEKTH-
Ha npu neveHnn COVID-19, TpebyeTca npoBeaeHne
KpynHbix PKW, pe3ynbTaTbl KOTOPbIX MOrAu Bbl CO-
OTBETCTBYOLWMM 06pa3oM 060CHOBATL NPUMEHEHME
neepmekTuHa npu COVID-19.

be3onacHocTb npuMeHeHuns
nBepMeKTUHa

B adpukaHCKMX CTpaHax MBEepMeKTWH npume-
HAeTCS C MOMeHTa ero peructpaumm B 1980-x ro-
[ax nop TOProBbiM HauMeHOBaHWeM Mectizan®,
Mpenapat 6e3B03Me34HO NpefoCTaBAsgeTcs KoMMa-
Huen Merck & Co. Inc. B pamMKax nporpamMm AnMKBU-
Aaunn oHxouepkosa n anmdbaTtuyeckoro dunspmo-
33 B KayecTBe cCpeacTBa Ang nNpodunakTMyeckon
XMMMoTepanuu (pa3osas 4033 AN NepopasnbHOro
npuema 150-200 MKr/Kr) u pacnpocTpaHseTcs cpe-
LM HaceneHus OfMH UNK iBa pasa B roa’.

MBepMeKTMH XapakTepusyeTcsi [AOCTAaTOYHO
6naronpuaTHeiM npodunem 6e30MacHOCTM NpU UC-
NOMb30BaHWM NO YTBEPXKAEHHbIM MOKA3aHUAM
B CTaHAapTHbIX fo3ax (150-200 mr/kr). Hanbonee
pacnpocTpaHeHHbiMu HP npu ero npumeHeHuu
aBnsaTCca cnabocTb, Auapes, TOWHOTA, PBOTA,
KOXHas CbiNb, ronoBokpyxeHue? [40-43, 45].
bonbwuHcTBo HP — nerkue, nmeoT npexoasaiumi
XapakTep, U UX BO3HWKHOBEHWeE, KaK NpaBuio, CBS-
3aHO ¢ rnbenblo NapasuTa, a He C AeNACTBMEM Mpe-
napata. Tak, y nvL, C BbICOKOM NJIOTHOCTbI MUKPO-
dunapun Onchocerca volvulus B KOXe unnM KpoBwu
noj, AeiCTBMEM MBEPMEKTMHA MOTYT pa3BMBaTbCS
BOCMANMTENbHbIE pEeaKLUWM, Ha3blBaeMble peakLu-
MM MauLoTTH, KOTOpble CBSI3aHbl C pa3pyLieHu-
eM MUKpODUASPUIA U NPOABAAIOTCA 3YA0M, CbiMbio,

NIMXOpaKoN, HepoMOraHueMm, nuMmdageHonaTuen,
apTpanruen, Taxukapauvew, rmnNoTeH3nen, O0TEKOM
n 6onblo B xmBOTe [48, 49].

B Hauvane 1990-x romoB CTano W3BECTHO,
4YTO MpPUMEHEHME WBEPMEKTMHA B CTaHAAPTHOM
poze 150 Mr/Kr OAHOKPATHO ANS NleYeHus nuu,
60NbHbIX OHXOLEPKO30M, OCNOXHEHHBIM CONyT-
cTBytolwen nHdekumen Loa loa (noaos, saHgeEMUYEH
B LleHTpanbHoi AdpuKe), MOXeT Bbi3blBaTb pPa3Bu-
TWe NOTEHUMANBHO CMepTenbHbIX 3HUedanonaTuii.
Y vy, vHbMuMpoBaHHbIX Loa loa, MBEpMEKTUH,
BEPOSATHO, BbI3blBAaeT Mapanny Mukpodunsapun,
KOTOpble 3aTeM MacCMBHO MOCTYMNaKT B KPOBOTOK,
4TO MOXeT NpMBECTM K 3MBONM3aLMM KanuNnspos
rONI0OBHOrO MO3ra, BOCMA/NUTENIbHbIM  peaKUMsaM
n aHuedanonatuu [50].

[o3pgHee 6bl10 NMpPOBEAEHO HECKOJIbKO MCCe-
[LOBaHWI AN U3YYeHUs 3NUAEMMONOTUM, YaCTOTbI
M BO3MOXHbIX MEXAHM3MOB, JIeXalnUX B OCHOBE
nosiBNeHUs cepbesHbiXx HP co CTOpOHbI HEpBHOM
cuctembl. B 2018 r. R.E. Chandler onucan 28 cny-
4aeB TSXKENbIX HEBPONOrMYECKMX peakumi, KoTo-
pble pa3BMBaNUChL NOCAE NeYeHUs] UBEPMEKTUHOM
TakuMx 3aboneeaHui, kak 4vecoTka (10 cnyuvaes),
akapogepmaTut (8), ctpoHrmnonaos (3), numdartm-
yeckui dunapuos (5), Mmos (1) n Tenunos (1) [51].

B 2021 r. J.T. Campillo u coaBT. npoBenu aHanms
nHdopmauumn 6asbl gaHHbix VigiBase 3a nepwuop
2003-2020 rr. u BbigsBuAKn 667 HP nocne npumeHe-
HUsa uBepMekTuHa. M3 Hux 208 HP 6biin 3aperu-
CTpupoBaHbl B Adpuke n 459 B apyrux pernoHax.
Bbino obHapyxeHo, YTO KOMYECTBO COOBLLEHM
0 ToKCcMaepmuax, 3HuedanonaTusx M CNyTaHHO-
CTU CO3HAHMS NoC/ie MPUMEHEHUS UBEPMEKTMHA
ObII0 3HAYMTENBHO Bbllle, YEM KOMYECTBO CO06-
weHuin 06 aHanornyHbix HP Ha doHe npumeHeHus
QHTUreNIbMUHTHBIX NpenapaToB — MNPOU3BOAHbIX
6eH3numMmnpasona. BoiseneHo 23 cayyas 3Hueda-
NonaTui Npu NevyeHun UBEPMEKTUHOM YecoTKM (8),
akapogepmaTuTa (4), CTpoHrMnonaosa (4), posauea
(1), oHxouepko3sa (1) n No HeM3BeCTHbIM MOKa3aHK-
am (5) 3a npepenamum Adpuku, a Takxke 32 cnydyas
3HuedanonatMim B a@pmMKaAHCKMX CTpaHax npu ne-
yeHun onxouepkosa (30), HeyTOHYeHHOro dung-
puaTo3a (1) u Nnpy NpUMEHEHUU NO HEU3BECTHBLIM
nokasaHuam (1). Takxe 6b110 BbIABAEHO 32 cayyas
TokcMaepmuii M 42 cnydvas peakumm MauuoTtTu.
Kpome TOro, B xome uccnenoBaHus 6bl10 Bbl-
asneHo 9 cnyyaes pas3sutma DRESS-cuHppoMa
(nekapcTBeHHasa peakuma € 303uMHOGUNMEN U CU-
CTEMHbBIMM CUMMTOMAaMM) U 2 clly4as oCTpOro reHe-
pPann30BaHHOrO 3K3aHTEMATO3HOro nyctynesa [52],

20 Qver 30 Years: The Mectizan® Donation Program. https://www.merck.com/stories/mectizan/

2L lvermectin side effects. https://www.drugs.com/sfx/ivermectin-side-effects.html
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nHdopMaLma 0 BO3MOXHOCTU PasBUTUS KOTOPbIX
OTCYTCTBYET B MHCTPYKUMAX MO MeAULMHCKOMY
NPUMEHEHUI0 MBEPMEKTUHAZZ,

Cnyyau pa3suTtus 3HuedanonaTum BCTpeyanuch
He TONbKO B cTpaHax Adpuku, HO U B ApYrux o6-
NacTax (CKOppeKTUPOBAHHOE OTHOLIEHME LWAHCOB
oTyeTHocTn aROR 6,30, 95% OU 2,68-14,8), u atoT
dakT noavepkuBaet, 4TO 3HUedanonaTuu, pas-
BMBAlOLLMECH MOCAE MPUMEHEHUS MBEPMEKTMHA,
BCTpeYalTCs 3a npefenamMu SHAEMUYHBIX MO noa-
03y pernmoHos [52].

CyMTaloT, YTO OOHMM M3 BO3MOXHbBIX MEXaHM3-
MOB pPa3BUTUA TAXKENbIX HEBPONOrMYeCcKUX peak-
UM y YenloBeKa Noc/ie NpUMeHeHUs MBEPMEKTMHA
MOXeT 6bITb Hannyme nonumopdur3amMa reHa MHoxe-
CTBEHHOW NeKkapCTBEHHOM ycTonumBocTu (multiple
drug resistence 1, MDR-1), kotopas no3sonset
neepMmekTMHy nonactb B LHC [53]. VBepmekTuH
nmeeT cpoacteo K MAMK-3aBUCUMBIM XNOPUAHBIM
KaHanaM, KoTopble Y MJIEKOMUTAILWMX IKCNpeccu-
pytotca Tonbko B LLHC v 3awmweHsl b 6naropa-
pa P-rnukonpoTtenHy, npoaykTy reHa MDR-1 [12-17,
53]. P-rnukonpotenH 1 (P-gp), raukonpoTtenH npo-
HULLAEMOCTH, TaKXe M3BEeCTHbIA Kak 6enok MDRI,
unmn uneH 1 noacemenictea ATM-cBs3bIBaKOLLEN Kac-
cetol B (ABCB1), nnu knactep amdpdepeHUMpOBKU
243 (CD243), npefctaensaet coboi 6eoK KNeTo4YHOM
MeMbpaHbl, HaXOASAWMICS B 3HAOTENUU KanuAns-
pOB rofoBHOro Mo3ra. P-gp y4yacTByeT B yAaneHuu
BELLECTB MJIM TOKCUHOB, 0BHaPYXXEeHHbIX Ha nia3ma-
TUYeCKMX MeMBpaHax, 40 TOro, Kak OHU NMPOHUKHYT
B Knetky [53, 54]. OgHako uccnenoBaHMs Ha XUBOT-
HbIX MOKa3anu, YTO KOHLEHTpauus MBEPMEKTMHA
B FO/IOBHOM MO3re MbliWwen ¢ HoKayToM reHa MDR-1,
koaupytowero P-gp, B 90 pa3s Bbile, 4eM y Mbillen
C HOpPMasnbHOM 3Kcnpeccuen reHa [55].

B HayyHOM nuTepaType 6bln onucaH cayyan
pasBuTMS  nporpeccupylowen  3sHuedanonaTmm
y 13-neTHero Manbymka nocne ofHOKPATHOro npu-
emMa uBepMekTMHa B fo3e 230 Mkr/kr. MpuHaTas
MM [o3a npenapata Oblna HEMHOrO Bbille, YEM
[l03bl, MCMNOAb3yemble AN JNe4YeHUs OHXOLEepKo-
32 (150 w™kr/kr), numdatuyeckoro dunapuaTo-
3a (200 wmkr/kr) wam neamkynesa (200 mkr/kr).
YcTaHOBNEHO, YTO MAUMEHT SBASNCSA HOCUTENEM
HOHCEHC-MyTauuMM B TeHe, Kogupytowem P-gp,
4TO CTano NPUYMHON HapyLIEeHUs BbiBEAEHUS UBEP-
MEKTMHA M3 roNIoBHOro Mo3ra [56].

Mo paHHbIM 0630pa N. Navarro u coasT., B KO-
TOpPOM npoBeAeH MeTaaHanuns gaHHbix 5 PKU, npo-
dunb 6€30MacHOCTU UBEPMEKTMHA MPU NPUMEHEe-
HUM B BbICOKMX n03ax (6onee 400 MKr/Kr) 6bin

conocTaBum ¢ npoduneM 6e30nacHOCTU MpU ero

NMPUMEHEHUN B CTaHAAPTHbIX A03ax (80 400 mMKr/kr)

(OP = 1,16, 95% OW 0,89-1,52). CTeneHb TAXeCTH

HP B obeux rpynnax fo3uMpoBaHus Oblna nerkow

unu ymepenHon [57]. Tonbko B 0AHOM wuccnepo-

BaHMW, BK/OYEHHOM B MeTaaHanus3, cooblanoch

0 Ppa3BUTUM Yy MaLMeEHTa TAKeNnoi aHadunakTuye-

CKOW peakuuu nocsie NpuMeHeHWs MBEPMEKTUHA

B CTaHAapTHOM fo3e M 00 yANMHEeHWM MHTepBana

QTc (ckoppekTMpoBaHHOro WHTepsana QT) no-

Ccne NnpUMeHeHusa npenapaTta B Bbicokon pose [58].

Kpome Toro, B 04HOM UCCNELOBAHWUM NPU NIEYUEHUM

OHXOLLepKo3a 6bIf0 BbISBNEHO YBENMUYEHWE 4aCTO-

Tbl pa3BuTMs HP cOo CTOpOHbLI OpraHoB 3peHus (npe-

Xopsliee HeuyeTkoe 3peHue, 3ya, 6onb B rnasax,

ancxpomaToncus) (Koa@duumeHT 3abonesaeMocTm

IR 2,797,95% OW 1,226-6,377) [59].

PesynbraThl, nonyyeHHole N. Navarro u coaBT.
[57], cornacytoTcs ¢ AaHHbIMK 0 HP B coobleHmnsax
apyrux uccneposatenei [60, 61]. OgHako nony-
YeHHbIX [AaHHbIX HEeAOCTaTOYHO ANS TOro, 4Tobbl
MOXHO OblI0 peKoMeH[0BaTb NpPUMEHeHWe npe-
napata B [03aX, MpPEeBbIWAKLWMX YTBEPXKAEHHbIE
B MHCTPYKLMSAX NO MEAULIMHCKOMY NPUMEHEHMIO Ne-
KapCTBeHHbIX NpenapatoB. besonacHoit ans neep-
MeKTUHa cumTaeTca po3a <200 MKr/kr, a B bonee
BbICOKMX [03ax npenapaTt MOXeT NpeoaoneBaTb
6 u Banatb Ha [AMK-3apruuyeckyr nepepauy,
NpUBOAS K pa3BuTUIO cepbe3Hbix HP co cTopoHbl
HEepBHOWM CUCTEMBI, TAKUX KaK aTakcus, Ncuxos, ge-
npeccus, ranfiouMHaLmu, cyaoporu, CnyTaHHOCTb
CO3HaHus, 3HUedanonaTus, koma?® [11, 34, 35].

bonee Toro, ana naumentos ¢ COVID-19 cywe-

CTBYET MOBbIWEHHbIA PUCK Pa3BUTUS Cepbe3HbIX

HP co cTopoHbl HepBHOWM cuCTeMbl BC/ieAcTBUE

yBeIMYEHUS KOHLEHTPaLUM UBEPMEKTUHA B KPOBM

no cnepyowmnm npuumHam [34, 52, 62, 63]:

e Hanuuue y nauneHtos ¢ COVID-19 nposocnanu-
Te/bHbIX COCTOSIHWI, KOTOpble BeAYT K NOBbILe-
HUWI0O NPOHMLAEMOCTM 3HAO0Tenusa B 36, B TOM
yucne oNns MBEpMEKTUHa;

e BO3MOXHOCTb Pa3BUTUS MeX/eKapCTBEHHbIX
B3aUMOAENCTBUI C MHIMOMTOpPaMM LUTOXPO-
Ma P, 3A4 (aHTMpeTpoBMPYCHble MpenapaTbl),
C MHrnbutopamu P-gp (kopTuKoCTEpOUAbI).
KpoMme Toro, npu HasHa4yeHnn MBepMeKTUHa Heob-

XOAMMO YUYUTbIBATb OTCYTCTBUE UM HELOCTATOUHOCTb

YHKLMOHANBbHOM aKTUBHOCTU P-ramvkonpoTeunHa (no-

numopdusmbl reHa MDR-1) y naumeHToB.

CBogHaa uHdopmauma o HP, passuBatowmxcs
npu NpUMeHeHWM MBEPMEKTUHA, NpuBeaeHa B Tab-
nmue 1.

22 Stromectol® (lvermectin). https://www.merck.com/product/usa/pi_circulars/s/stromectol/stromectol_pi.pdf

3 https://emergency.cdc.gov/han/2021/han00449.asp
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Ta6nuua 1. HexxenatenbHble peakumu, CBS3aHHbIe C NPUMEHEHUEM MBEPMEKTUHA [40-43, 45, 48, 52]

Table 1. Adverse reactions associated with the use of ivermectin? [40-43, 45, 48, 52]

CucTeMHO-OpraHHbIi Knacc (o Knaccupukaumum
MeAMLMHCKOrOo C/I0Baps ANS PerynsTopHoM
AeatenbHoctn, MedDRA)
System-organ class (according to the classification
of the Medical Dictionary for Regulatory Activities,
MedDRA)

HexenatenbHble peakunu
Adverse drug reactions

Obuwme pacCcTpOMCTBA M HapyLLeHUs
B MeCTe BBELEHMUS
General disorders and administration site conditions

AcTeHus, ycTanocTb, IMxopagKa, ronosHas 6onb, 601b B XMBOTE, CUH-
LpOM MOIMOPraHHOM HEeA0CTAaTOYHOCTH

Asthenia, fatigue, fever, headache, abdominal pain, syndrome of multiple
organ failure

HapyleHus co cTOpoHbl KOXM 1M MOJAKOXHbIX
TKaHewn
Skin and subcutaneous tissue disorders

3y4, NATHUCTO-Nanyne3sHas Cbifb, OTEK/KPANMUBHULLA, TOKCUYECKMIA 3MU-
fepManbHbii Hekponus, DRESS-cunapom, cunapom CtuBeHca—-[XOHCOHa,
OCTpbIii FeHepanM30BaHHbI 3K3aHTEMATO3HbIN MyCcTynes

Itching, maculopapular rash, oedema/urticaria, toxic epidermal necrolysis,
DRESS-syndrome, Stevens-Johnson syndrome, acute generalised exanthem-
atous pustulosis

HapyleHus co CTOpOHbI XeNyL0YHO-KULIEYHOTO
TpakTa
Gastrointestinal disorders

AHopekcus, 3anop, AMapes, TOWHOTA, B3AYTUE XUBOTA, PBOTa, 330(arut
Anorexia, constipation, diarrhea, nausea, bloating, vomiting, esophagitis

HapyLweHuns co CTOPOHbI LLeHTPaNbHOM HEPBHOW
cUCTEMBI
Nervous system disorders

[0n0BOKpPYXeHWe, COMHONEHLMS, TpEMOP, 3HUedanonaTusa, 6pen, Bo3byx-
[leH1e, arpeccMBHOE OTHOLEHUE U U3MEHEHHOE COCTOSIHUE CO3HaHUS
Dizziness, somnolence, tremor, encephalopathy, delirium, excitation, aggress-
ive attitude and altered state of consciousness

HapyLweHus co cTOpoHbI opraHa 3peHus
Eye disorders

OTek BeK, NepeaHuit yBEUT, HEYETKOCTb 3PEHUS, KOHBIOHKTUBUT, TUMOUT,
TOYEeYHOe NOMYTHEHUE, KEPATUT, HEHOPMAJIbHOE OLLYLLEHWE B rnasax

M XOPUOPETUHUT/XOPUOUIUT

Blepharoedema, anterior uveitis, blurred vision, conjunctivitis, limbitis,
punctate turbidity, keratitis, abnormal sensation in the eyes, and chorioreti-
nitis/choroiditis

HapyleHns co cTopoHbl MOYEK M MOYEBLIBOASLLMX
nyTen
Renal and urinary disorders

Pepnkas npexoasiwas npoTenHypus
Rare transient proteinuria

HapyLlueHus co CTOpOHbI CKeNeTHO-MbILLEYHOM
N COeANHUTENbHOM TKaHU
Musculoskeletal and connective tissue disorders

ApTpanrus, Mmanrus
Arthralgia, myalgia

HapylweHus co cTopoHbl OpraHoB AbIXaHWs
Respiratory disorders

BpoHxunanbHas actMa, oTek ropTaHu, OAbILKa
Bronchial asthma, laryngeal oedema, shortness of breath

HapylueHus co cTopoHbl CepAeYHO-COCYAUCTOM
CUCTEMbI
Cardiovascular disorders

Taxukapams, opTocTaTUyeckas runoTeH3uns, U3MEHeHUs Ha 31eKTpoKap-
AMorpaMMme, BKNtOYas yanIuMHeHue uitepsana PR, crnaxeHHbie 3y6ubl T
U NMUKoBble 3y6Libl

Tachycardia, orthostatic hypotension, ECG changes, including PR interval
prolongation, flattened T waves and peak waves

Peakuunsa TMna MauuoTTi (MHTEHCMBHAS BOCNanu-
TeNbHas peakLuus Ha MePTBY0 MUKPODUAAPUIO)
Mazzotti-type reaction (intense inflammatory re-
sponse to dead microfilariae)

ApTpanrus, CUHOBUT, yBeNUYeHWe M 60Ne3HEHHOCTb TMMPaTUYECKUX
Y3108, 3y, NOPaXKeHWe KOXMK (BKNOYAs OTeK, NanynesHyto, mycTynesHyto
MNIN SIBHYIO KPanWBHULY) M NMXOpajKa B TeyeHue nepBbix 4 cyT nocne
NeyYeHns OHXOoLLepKo3a

Arthralgia, synovitis, swollen and tender lymph nodes, itching, skin lesions
(including oedema, papular and pustular or urticarial rash) and fever during
the first 4 days after treatment for onchocerciasis

BnusHue Ha nabopaTopHble nokasatenu
Impact on laboratory results

YBenuyeHme npoTpoMBUHOBOro BpeMeHu, 303MHODUANS, MOBbILEHME
YPOBHS anaHMHaMUHOTpaHChepasbl (OT NErkoro 40 yMEepeHHOro), NoBbI-
LeHMe YpPOBHS reMornobuHa, NoBbieHUE YPOBHA BUAMPYOUHA, CHUXe-
HWe YpOBHS NeiKoLMTOB

Increased prothrombin time, eosinophilia, mild to moderate increase in
alanine aminotransferase level, increased haemoglobin, increased bilirubin,
reduced white blood cell count

2 Stromectol® (lvermectin). https://www.merck.com/product/usa/pi_circulars/s/stromectol/stromectol_pi.pdf

lvermectin side effects. https://www.drugs.com/sfx/ivermectin-side-effects.html#refs
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3akrovyeHue

AHanus faHHbIX PAAA AOKJIMHUYECKMX UCCNeno-
BaHMI MOKa3an, YTo MBEPMEKTUH obnafaeT npoTu-
BOBMPYCHOWM aKTMBHOCTbIO, B TOM YUC/Ie B OTHOLIE-
Hun Bupyca SARS-CoV-2. Pe3ynbTatbl KNIMHUYECKUX
nccnenoBaHnin  3HEKTUBHOCTM  NPUMEHEHMUS
MBEPMEKTUHA 415 NeyvyeHus u/mnu npodunakTm-
kn COVID-19 HeogHO3HaA4Hbl, HO, TEM HE MeHee,
B HEKOTOPbIX M3 HUX MOKA3aHO MONOXUTESbHOE
BNMSHME npenapaTta Ha COCTOSHME NaLMEHTOB:
CHUXEHME YPOBHS NETaNbHOCTU, TAXKECTU UHDEK-
ummn, 6onee paHHWUIA BUPYCHBIA KAUPEHC U CHUXe-
HWEe pWCKa 3apaXkeHust npu NPodUIaKTUYECKOM
npuMeHeHuun. Ha ceroaHaWHUIA LeHb HU B OLHOM
M3 MNPOBEAEHHbIX KIAMHUYECKUX UCCNeLOBaHUN
He Mosy4yeHO A0CTAaTOYHO AAHHbIX, MO3BOASIOWMNX
noaTeepautTb 3GdEKTUBHOCTb MPUMEHEHUS UBEP-
MekTMHa npu COVID-19.

MBepMeKTMH WMeeT OTHOCUTeNbHO 6naronpw-
ATHBIM nNpodunb 6e30nacHoOCTU NpU  NPUMEHEHUM
Mo YTBEPXAEHHbIM MOKA3aHWAM B CTaHAAPTHbIX 403aX.
OpHako ypoBeHb MBEPMEKTMHA, 001a4atoWmin UHMM-
Bupytowen akTMBHOCTbIO NpoTue SARS-CoV-2, MoxeT
ObITb LOCTUTHYT NPU 3HAYUTENBHOM YBEUYEHWUU €ro
[,03bl, YTO, B CBOK 04Yepefb, MOXET MPUBECTU K NOBbI-
LWEeHWI0 pUCKa pasBuTUs cepbesHbix HP. Umelowmecs
[aHHble nMo 6e30MacHOCTM Mpu NPUMEHEHUM Mpe-
napata B 6onee BbICOKMX [03aX, YeM YKa3aHHble
B MHCTPYKLMM NO MEAULMHCKOMY NPUMEHEHUIO, @ TaK-
Xe npu ero ucnonb3osaHun ang neyenns COVID-19,
HeLOCTaTOYHbI.

Heobxoamumo npoeeneHune kpynHbix PKWU, pe-
3yNnbTaTbl KOTOPbIX MO3BONAT C Gonbluei [OCTO-
BEPHOCTbIO OMpefenuTb LenecoobpasHoCcTb Mpu-
MEHEeHWS MBEPMEKTUHA AN NpodUNaKTUKKN U/MNu
nevexuns naumentos ¢ COVID-19.

NuTtepatypa / References

1. Novac N. Challenges and opportunities of drug re-
positioning. Trends Pharmacol Sci. 2013;34(5):267-72.
https://doi.org/10.1016/j.tips.2013.03.004

2. Expert consensus on chloroquine phosphate for the
treatment of novel coronavirus pneumonia. Zhong-
hua Jie He He Hu Xi Za Zhi. 2020;43(3):185-8. https:/
doi.org/10.3760/cma.j.issn.1001-0939.2020.03.009

3. Touret F, de Lamballerie X. Of chloroquine
and COVID-19. Antiviral Res. 2020;177:104762.
https://doi.org/10.1016/j.antiviral.2020.104762

4. Cortegiani A, Ingoglia G, Ippolito M, Giar-
ratano A, Einav S. A systematic review on the
efficacy and safety of chloroquine for the treat-
ment of COVID-19. J Crit Care. 2020;57:279-83.
https://doi.org/10.1016/j.jcrc.2020.03.005

5. Gonzalez Canga A, Sahagun Prieto AM, Diez

Liébana MJ, Fernandez Martinez N, Sierra
Vega M, Garcia Vieitez JJ. The pharmacoki-
netics and interactions of ivermectin in hu-

mans — a mini-review. AAPS J. 2008;10(1):42-6.
https://doi.org/10.1208/s12248-007-9000-9

6. Gotz V, Magar L, Dornfeld D, Giese S, Pohl-
mann A, Hoper D, et al. Influenza A viruses es-
cape from MxA restriction at the expense of effi-
cient nuclear vVRNP import. Sci Rep. 2016;6:23138.
https://doi.org/10.1038/srep23138

7. LundbergL, Pinkham C, Baer A, Amaya M, Narayanan A,
Wagstaff KM, et al. Nuclear import and export inhib-
itors alter capsid protein distribution in mammalian
cells and reduce Venezuelan Equine Encephalitis
Virus replication. Antiviral Res. 2013;100(3):662-72.
https://doi.org/10.1016/j.antiviral.2013.10.004

8. Tay MY, Fraser JE, Chan WK, Moreland NJ, Rathore AP,
Wang C, et al. Nuclear localization of dengue vi-
rus (DENV) 1-4 non-structural protein 5; protec-
tion against all 4 DENV serotypes by the inhibi-

tor lvermectin. Antiviral Res. 2013;99(3):301-6.
https://doi.org/10.1016/j.antiviral.2013.06.002

9. Wagstaff KM, Sivakumaran H, Heaton SM, Har-
rich D, Jans DA. lvermectin is a specific in-
hibitor of importin  o/p-mediated nuclear
import able to inhibit replication of HIV-1
and dengue virus. Biochem J. 2012;443(3):851-6.
https://doi.org/10.1042/bj20120150

10. Mega ER. Latin America’s embrace of an
unproven  COVID  treatment is  hindering
drug trials. Nature. 2020;586(7830):481-2.

https://doi.org/10.1038/d41586-020-02958-2

11. Temple C, Hoang R, Hendrickson RG. Toxic effects from
Ivermectin use associated with prevention and treat-
ment of Covid-19. N Engl J Med. 2021;385(23):2197-8.
https://doi.org/10.1056/nejmc2114907

12. Omura S, Crump A. The life and times of ivermectin —
a success story. Nat Rev Microbiol. 2004;2(12):984-9.
https://doi.org/10.1038/nrmicro1048

13.Juarez M, Schcolnik-Cabrera A, Duenas-Gonza-
lez A. The multitargeted drug ivermectin: from
an antiparasitic agent to a repositioned cancer
drug. Am J Cancer Res. 2018;8(2):317-31. PMID:
29511601

14. Crump A, Omura S. Ivermectin, “wonder drug’
from Japan: the human use perspective. Proc
Jpn Acad Ser B Phys Biol Sci. 2011;87(2):13-28.
https://doi.org/10.2183/pjab.87.13

15. Omura S. Chapter 13 — Mode of action of Avermec-
tin. In:Omura S, ed. Macrolide Antibiotics. 2nd ed. San
Diego: Academic Press; 2003. P. 571-6.

16. Shiomi K. Antiparasitic  antibiotics  from
Japan. Parasitol Int. 2021;82:102298.
https://doi.org/10.1016/j.parint.2021.102298

17. Martin RJ, Robertson AP, Choudhary S. lver-
mectin: an anthelmintic, an insecticide, and

30 Be3sonacHocTb 1 puck dpapmarkoTepanmm. 2022. T.10, N2 1


https://doi.org/10.3760/cma.j.issn.1001-0939.2020.03.009
https://doi.org/10.3760/cma.j.issn.1001-0939.2020.03.009
https://doi.org/10.1016/j.jcrc.2020.03.005
https://doi.org/10.1042/bj20120150
https://doi.org/10.1038/d41586-020-02958-2
https://doi.org/10.1056/nejmc2114907
https://doi.org/10.1016/j.parint.2021.102298

Shubnikova E.V,, Susekova N.A., Bukatina T.M., Galenko M.S., Druzhinina A.A.
Ivermectin: Evaluation of Efficacy and Safety in COVID-19

18.

19.

20.

21.

22.

23,

24.

25.

26.

27.

28.

29.

much more. Trends Parasitol. 2021;37(1):48-64.
https://doi.org/10.1016/j.pt.2020.10.005

Yang SNY, Atkinson SC, Wang C, Lee A, Bogoyevitch MA,
Borg NA, Jans DA. The broad spectrum antiviral iver-
mectin targets the host nuclear transport importin
a/Pl heterodimer. Antiviral Res. 2020;177:104760.
https://doi.org/10.1016/j.antiviral.2020.104760

Caly L, Druce ID, Catton MG, Jans DA, Wag-

staff KM. The FDA-approved drug iver-
mectin inhibits the replication of SARS-
CoV-2 in vitro. Antiviral Res. 2020;178:104787.

https://doi.org/10.1016/j.antiviral.2020.104787
Heidary F, Gharebaghi R. lvermectin: a systematic re-
view from antiviral effects to COVID-19 complemen-
tary regimen. J Antibiot (Tokyo). 2020;73(9):593-602.
https://doi.org/10.1038/541429-020-0336-z
Choudhury A, Das NC, Patra R, Bhattacharya M,
Ghosh P, Patra BC, Mukherjee S. Exploring the bind-
ing efficacy of ivermectin against the key proteins of
SARS-CoV-2 pathogenesis: an in silico approach. Fu-
ture Virol. 2021. https://doi.org/10.2217/fv1-2020-0342
Eweas AF, Alhossary AA, Abdel-Moneim AS. Mo-
lecular docking reveals lvermectin and Remde-
sivir as potential repurposed drugs against
SARS-CoV-2. Front Microbiol. 2021;11:592908.
https://doi.org/10.3389/fmicb.2020.592908

Lehrer S, Rheinstein PH. lvermectin docks to
the SARS-CoV-2 spike receptor-binding domain
attached to ACE2. In Vivo. 2020;34(5):3023-6.
https://doi.org/10.21873/invivo.1213%4

Yan S, Ci X, Chen N, Li X, Chu X, Li J, Deng X. Anti-in-
flammatory effects of ivermectin in mouse model of
allergic asthma. Inflamm Res. 2011;60(6):589-596.
https://doi.org/10.1007/s00011-011-0307-8

Zhang X, Song Y, Ci X, An N, Ju Y, Li X, et al. Iver-
mectin inhibits LPS-induced production of in-
flammatory cytokines and improves LPS-induced
survival in mice. Inflamm Res. 2008;57(11):524-9.
https://doi.org/10.1007/s00011-008-8007-8

de Melo G, Lazarini F, Larrous F, Feige L, Korno-
bis E, Levallois S, et al. Attenuation of clinical and
immunological outcomes during SARS-CoV-2 infec-
tion by ivermectin. EMBO Mol Med. 2021;13:e14122.
https://doi.org/10.15252/emmm.202114122

Xydakis MS, Dehgani-Mobaraki P, Holbrook EH,
Geisthoff UW, Bauer C, Hautefort C, et al.
Smell and taste dysfunction in patients with
COVID-19. Lancet Infect Dis. 2020;20(9):1015-6.
https://doi.org/10.1016/s1473-3099(20)30293-0

Ci X, Li H, Yu Q, Zhang X, Yu L, Chen N, et al. Aver-
mectin exerts anti-inflammatory effect by down-
regulating the nuclear transcription factor kappa-B
and mitogen-activated protein kinase activation
pathway. Fundam Clin Pharmacol. 2009;23(4):449-55.
https://doi.org/10.1111/j.1472-8206.2009.00684.x
Stokes L, Layhadi JA, Bibic L, Dhuna K, Foun-

tain SJ. P2X4 receptor function in the ner-
vous system and current breakthroughs in
pharmacology. Front  Pharmacol.  2017;8:291.

https://doi.org/10.3389/fphar.2017.00291

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Layhadi JA, Turner J, Crossman D, Fountain SJ. ATP
evokes Ca? responses and CXCL5 secretion via
P2X, receptor activation in human monocyte-de-
rived macrophages. J Immunol. 2018;200(3):1159-68.
https://doi.org/10.4049/jimmunol.1700965

Rizzo E. lvermectin, antiviral properties and COVID-19:
a possible new mechanism of action. Naunyn
Schmiedebergs Arch Pharmacol. 2020;393(7):1153-6.
https://doi.org/10.1007/s00210-020-01902-5
Sandler ZJ, Firpo MR, Omoba OS, Vu MN, Menachery VD,
Mounce BC. Novel ionophores active against La Crosse
virus identified through rapid antiviral screening. An-
timicrob Agents Chemother. 2020;64(6):e00086-20.
https://doi.org/10.1128/aac.00086-20

Freedman JC. Chapter 4 — lonophores in planar lipid
bilayers. In: Sperelakis N, ed. Cell Physiology Source
Book. 4th ed. San Diego; Academic Press: 2012. P. 61-6.
Chaccour C, Hammann F, Ramén-Garcia S, Rabino-
vich NR. Ivermectin and COVID-19: keeping rigor in
times of urgency. AmJ Trop Med Hyg. 2020;102(6):1156 -
7. https://doi.org/10.4269/ajtmh.20-0271

Hossen MS, Barek MA, Jahan N, Safiqul Is-
lam M. A review on current repurposing drugs
for the treatment of COVID-19: reality and chal-
lenges. SN Compr Clin Med. 2020;2(10):1777-89.
https://doi.org/10.1007/542399-020-00485-9

Gritti G, Raimondi F, Ripamonti D, Riva |, Landi F, Al-
borghetti L, et al. IL-6 signalling pathway inactiva-
tion with siltuximab in patients with COVID-19 respi-
ratory failure:an observational cohort study. medRxiv.
https://doi.org/10.1101/2020.04.01.20048561
Zhang H, Zhou P, Wei Y, Yue H, Wang Y, Hu M,
et al. Histopathologic changes and SARS-
CoV-2 immunostaining in the lung of a patient
with COVID-19. Ann Intern Med. 2020:M20-0533.
https://doi.org/10.7326/M20-0533

Rajter JC, Sherman MS, Fatteh N, Vogel F, Sacks J,
Rajter JJ. Use of ivermectin is associated with
lower mortality in hospitalized patients with
Coronavirus disease 2019: the ivermectin in
COVID nineteen study. Chest. 2021;159(1):85-92.
https://doi.org/10.1016/j.chest.2020.10.009
Elgazzar A, Basma H, Abo Youssef S, Hafez M,
Moussa H, Eltaweel A, et al. Efficacy and safety
of ivermectin for treatment and prophylaxis of
COVID-19 pandemic. Preprint (Version 2), 2020.
https://doi.org/10.21203/rs.3.rs-100956/v2

MahmudR,Rahman MM, Alam [,AhmedK, Kabir A, Say-
eed S, et al. lvermectin in combination with doxycy-
cline for treating COVID-19 symptoms: a randomized
trial. J Int Med Res. 2021;49(5):3000605211013550.
https://doi.org/10.1177/03000605211013550
Lopez-Medina E, Lépez P, Hurtado IC, Dava-
los DM, Ramirez O, Martinez E, et al. Effect of
ivermectin on time to resolution of symptoms
among adults with mild COVID-19: a random-
ized clinical trial. JAMA. 2021;325(14):1426-35.
https://doi.org/10.1001/jama.2021.3071

Rahman MA, Igbal SA, Islam MA, Niaz MK, Hus-
sain T, Siddiquee TH. Comparison of viral clearance

Safety and Risk of Pharmacotherapy. 2022. Vol. 10, No. 1

31


https://doi.org/10.1016/j.pt.2020.10.005
https://doi.org/10.3389/fmicb.2020.592908
https://doi.org/10.1016/s1473-3099(20)30293-0

LLly6HMKoBa E.B., CycekoBa H.A., BykatuHa T.M., laneHko M.C., py>XUHUHa A.A.

MBepMeKTUH: oLeHKa 3bdDEeKTUBHOCTU 1 Be3onacHocTM npu COVID-19

43,

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

between ivermectin with doxycycline and hydroxy-
chloroquine with azithromycin in COVID-19 pa-
tients. J Bangladesh Coll Physicians Surg. 2020;38:5-9.
https://doi.org/10.3329/jbcps.v38i0.47514
Mohiuddin Chowdhury ATM, Shahbaz M, Karim R,
Islam J. A comparative study on ivermectin-doxy-
cycline and  hydroxychloroquine-azithromycin
therapy on COVID-19 patients. Preprint, 2020.
https://doi.org/10.13140/RG.2.2.22193.81767/3
Hariyanto TI, Halim, DA, Rosalind J, Gunawan C, Kur-
niawan A. lvermectin and outcomes from Covid-19
pneumonia: a systematic review and meta-analysis
of randomized clinical trial studies. Rev Med Virol.
€2265. https://doi.org/10.1002/rmv.2265

Bryant A, Lawrie TA, Dowswell T, Fordham EJ, Mit-
chell S, HilL SR, Tham TC. lvermectin for prevention and
treatment of COVID-19 infection: a systematic review,
meta-analysis, and trial sequential analysis to inform
clinical guidelines. Am J Ther. 2021;28(4):e434-e460.
https://doi.org/10.1097/mjt.0000000000001402
Deng J, Zhou F, Ali S, Heybati K, Hou W, Huang E,
Wong CY. Efficacy and safety of ivermectin for
the treatment of COVID-19: a systematic review
and meta-analysis. Q/M. 2021;114(10):721-32.
https://doi.org/10.1093/gjmed/hcab247

Hellwig MD, Maia A. A COVID-19 prophylaxis? Lower in-
cidence associated with prophylactic administration of
ivermectin. Int J Antimicrob Agents. 2021;57(1):106248.
https://doi.org/10.1016/j.ijantimicag.2020.106248
Ackerman SJ, Kephart GM, Francis H, Awadzi K, Gle-
ich GJ, Ottesen EA. Eosinophil degranulation. An im-
munologic determinant in the pathogenesis of the
Mazzotti reaction in human onchocerciasis. J Immu-
nol. 1990;144(10):3961-9. PMID: 2332637
Boussinesq M, Gardon J, Gardon-Wendel N, Chip-
paux JP. Clinical picture, epidemiology and out-
come of Loa-associated serious adverse events
related to mass ivermectin treatment of oncho-
cerciasis in Cameroon. Filaria J. 2003;2(Suppl 1):S4.
https://doi.org/10.1186/1475-2883-2-s1-54

Gardon J, Gardon-Wendel N, Demanga-Ngangue,
Kamgno J, Chippaux JP, Boussinesq M. Serious
reactions after mass treatment of onchocercia-
sis with ivermectin in an area endemic for Loa
loa infection. Lancet. 1997;350(9070):18-22.
https://doi.org/10.1016/s0140-6736(96)11094-1
Chandler RE. Serious neurological adverse events af-
ter ivermectin — do they occur beyond the indication
of onchocerciasis? AmJ Trop Med Hyg. 2018;98(2):382-
8. https://doi.org/10.4269/ajtmh.17-0042

Campillo JT, Boussinesq M, Bertout S, Faillie JL,
Chesnais CB. Serious adverse reactions associated
with ivermectin: a systematic pharmacovigilance
study in sub-Saharan Africa and in the rest of the
world. PLoS Negl Trop Dis. 2021;15(4):e0009354.
https://doi.org/10.1371/journal.pntd.0009354
Garrigues A, Nugier J, Orlowski S, Ezan E. A
high-throughput  screening  microplate  test

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

for the interaction of drugs with P-glyco-
protein.  Anal  Biochem.  2002;305(1):106-14.
https://doi.org/10.1006/abio.2002.5650
Cordon-Cardo C, O’Brien JP, Casals D, Ritt-
man-Grauer L, Biedler JL, Melamed MR, Bertino JR.
Multidrug-resistance gene (P-glycoprotein) is ex-
pressed by endothelial cells at blood-brain barrier
sites. Proc Natl Acad Sci USA. 1989;86(2):695-8.
https://doi.org/10.1073/pnas.86.2.695

Schinkel AH, Mayer U, Wagenaar E, Mol CA,
van Deemter L, Smit JJ, et al. Normal viabil-
ity and altered pharmacokinetics in mice lack-
ing mdrl-type (drug-transporting) P-glycopro-
teins. Proc Natl Acad Sci USA. 1997;94(8):4028-33.
https://doi.org/10.1073/pnas.94.8.4028

Baudou E, Lespine A, Durrieu G, André F, Gan-
dia P, Durand C, Cunat S. Serious ivermec-
tin toxicity and human ABCB1 nonsense mu-
tations. N Engl J Med. 2020;383(8):787-9.
https://doi.org/10.1056/nejmc1917344

Navarro M, Camprubi D, Requena-Méndez A, Buon-
frate D, Giorli G, Kamgno J, et al. Safety of high-dose
ivermectin: a systematic review and meta-anal-
ysis. J Antimicrob Chemother. 2020;75(4):827-34.
https://doi.org/10.1093/jac/dkz524

Smit MR, Ochomo EO, Aljayyoussi G, Kwambai TK,
Abong’o BO, Chen T, et al. Safety and mosquito-
cidal efficacy of high-dose ivermectin when co-ad-
ministered with dihydroartemisinin-piperaquine in
Kenyan adults with uncomplicated malaria (IVER-
MAL): a randomised, double-blind, placebo-con-
trolled trial. Lancet Infect Dis. 2018;18(6):615-26.
https://doi.org/10.1016/51473-3099(18)30163-4
Kamgno J, Gardon J, Gardon-Wendel N, Deman-
ga-Ngangue, Duke BO, Boussinesq M. Adverse
systemic reactions to treatment of onchocerciasis
with ivermectin at normal and high doses given
annually or three-monthly. Trans R Soc Trop Med
Hyg. 2004;98(8):496-504. https://doi.org/10.1016/j.
trstmh.2003.10.018

Guzzo CA, Furtek Cl, Porras AG, Chen C, Tip-
ping R, Clineschmidt CM, et al. Safety, tol-
erability, and pharmacokinetics of escalat-
ing high doses of ivermectin in healthy adult
subjects. J Clin Pharmacol. 2002;42(10):1122-33.
https://doi.org/10.1177/009127002401382731
Awadzi K, Opoku NO, Addy ET, Quartey BT. The che-
motherapy of onchocerciasis. XIX: The clinical and
laboratory tolerance of high dose ivermectin. Trop
Med Parasitol. 1995;46(2):131-7. PMID: 8525285
Drewe J, Gutmann H, Fricker G, Torok M, Beglinger C,
Huwyler J. HIV protease inhibitor ritonavir: a more
potent inhibitor of P-glycoprotein than the cyclo-
sporine analog SDZ PSC 833. Biochem Pharmacol.
1999;57(10):1147-52.

Edwards G. lvermectin: does P-glycoprotein play a
role in neurotoxicity? Filaria J. 2003;2(Suppl 1):S8.
https://doi.org/10.1186/1475-2883-2-S1-S8

32

Be3sonacHocTb 1 puck dpapmarkoTepanmm. 2022. T.10, N2 1


https://doi.org/10.1016/j.ijantimicag.2020.106248
https://doi.org/10.1016/s0140-6736(96)11094-1
https://doi.org/10.1056/nejmc1917344
https://doi.org/10.1016/s1473-3099(18)30163-4
https://doi.org/10.1016/j.trstmh.2003.10.018
https://doi.org/10.1016/j.trstmh.2003.10.018

Shubnikova E.V,, Susekova N.A., Bukatina T.M., Galenko M.S., Druzhinina A.A.

Ivermectin: Evaluation of Efficacy and Safety in COVID-19

Bknap aBtopos. E.B. LLly6HMKOBa — uaes, KoHUenuus
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anamu.

BbnaropapHocTn. PaboTa BbiNOSIHEHA B paMkax rocy-
[apcTBeHHOro 3agaHus ®rbY «HUICMM» Munsppasa
Poccum N2 056-00001-22-00 Ha npoBefeHue NpuKnaa-
HbIX HAay4HbIX UCCNefO0BaHUI (HOMep rocyaapCTBEHHO-
ro yyeta HMP 121021800098-4).

KoHdAuUKT uHTepecoB. ABTOpPbI 3aBASAOT 06 OTCYTCTBUM
KOH(MNMKTA UHTepecoB, Tpebylolero packpbiTMs B AaH-
HOM cTaTbe.

Authors’ contributions. Elena V. Shubnikova—elabora-
tion of the study concept and design, collection, ana-
lysis, and systematisation of scientific literature, in-
terpretation of the results, writing and editing of the
text; Natalia A. Susekova—Lliterature review; Tatyana M.
Bukatina—Lliterature review, writing of individual parts
of the paper; Marta S. Galenko—Lliterature review, writ-
ing of individual parts of the paper; Anna A. Druzhi-
nina—collection of literature data, preparation of the
illustrations.

Acknowledgements. The study reported in this publica-
tion was carried out as part of a publicly funded research
project No. 056-00001-22-00 and was supported by the
Scientific Centre for Expert Evaluation of Medicinal
Products (R&D public accounting 121021800098-4).

Conflict of interest. The authors declare no conflict of
interest requiring disclosure in this article.

06 aBTopax / Authors

Lly6HukoBa EneHa BnapMMnpoBHa, KaHA. Med. Hayk.
ORCID: https://orcid.org/0000-0002-2888-5993
shubnikovaev@expmed.ru

CycekoBa Hatanbs AHppeesHa.

ORCID: https://orcid.org/0000-0002-4094-8918
susekova@expmed.ru

BykaTtuHa TaTbsiHa MuxainoBHa, KaH4. MeA. HayK.
ORCID: https://orcid.org/0000-0002-7597-2926
bukatina@expmed.ru

FaneHko Mapta CepreeBHa.

ORCID: https://orcid.org/0000-0002-9050-5947
marta.galenko@mail.ru

[pyxunHuHa AHHa AnekcaHapoBHa.

ORCID: https://orcid.org/0000-0001-6091-6449
druzhininaaa@expmed.ru

Cmames nocmynuna 20.01.2022
Mocne dopabomku 15.02.2022
lpuHama k nesamu 11.03.2022

Elena V. Shubnikova, Cand. Sci. (Med.).

ORCID: https://orcid.org/0000-0002-2888-5993
shubnikovaev@expmed.ru

Natalia A. Susekova.

ORCID: https://orcid.org/0000-0002-4094-8918
susekova@expmed.ru

Tatyana M. Bukatina, Cand. Sci (Med.).

ORCID: https://orcid.org/0000-0002-7597-2926

bukatina@expmed.ru

Marta S. Galenko.

ORCID: https://orcid.org/0000-0002-9050-5947
marta.galenko@mail.ru

Anna A. Druzhinina.

ORCID: https://orcid.org/0000-0001-6091-6449
druzhininaaa@expmed.ru

Article was received 20 January 2022
Revised 15 February 2022
Accepted for publication 11 March 2022

Safety and Risk of Pharmacotherapy. 2022. Vol. 10, No. 1 33



