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Ha 6a3e Llentpa ruruens n snugemuonoruu (LII'D) B Pecnybmuke Kapenms (r. Iletpo3aBoack)
B 2019 u 2021 romax MpOBOIMIN MCCIECIOBAHHS 10 M3YYEHUIO BHIOBOTO COCTaBa KIEIIEH, MOCTy-
NMUBLIMX OT HaceleHHs. B pe3ymbrare paboThl OMpPEAeneHO OKOJO 2.5 ThIC. 0c00ei, OTHOCIIINX-
cs1 K mectu Bujam cemeiictsa Ixodidae: Ixodes persulcatus Schulze, 1930, I. ricinus (Linnaeus,
1758), Dermacentor marginatus (Sulzer, 1776), D. reticulatus Fabricius, 1794, Hyalomma mar-
ginatum Koch, 1844 u Rhipicephalus sanguineus (Latreille, 1806). YUacte knemeii (2%), B T.4.
n Bce He obmratomue B Kapemnu Buzbl, moctymmia B L[I'D u3 npyrux permonos. M3 Kapemun
ObUTH ompesesieHbl aBa BUnA: I. persulcatus (oxomo 95% ot obmiero umcia kiemeid) u 1. ricinus.
Ormnpenenenue Bo30yauTeneii MHOEKIMH MPOBOAMINA METOAOM IMOJTHMMEPAa3HOW HEMHOW peakuuu
¢ THOpUAN3alMOHHO-(QIyOpPECLeHTHON neTeknueil Habopom peareHToB «AMmanCenc® TBEV,
B. burgdorferi sl, A. phagocytophilum, E. chaffeensis/E. muris — FL». Bcrpeuaemocts Bupyca Kie-
meBoro sHiedanura B 1. persulcatus cocrauna 1.5%. B . ricinus BUpyc He BbISBJICH. 3apaKCHHOCTh
Ooppenusimu komiuiekca Borrelia burgdorferi s. 1. u Ehrlichia sp. y 1. persulcatus cocrasuna 32.5
n 3.3%, y I ricinus 16.3 n 0.8%, coorBerctBenHo. Exnnnaneiii cioydait oOHapyxenust Anaplasma
phagocytophillum 6b11 otmedeH y 1. persulcatus (3apaxkenHocTs 0.04%). B menowm, smuaemuonoru-
yeckas cuTyaius B Kapesnnn onpeziensercst IIMPOKHM PacHpOCTPaHEHHEM U BBICOKOH YHCIEHHOCTBIO
L. persulcatus.

KuaroueBblie cioBa: Ixodes ricinus, I. persulcatus, Bo30ynutenn uHOEKHHA, BUPYC KIICIICBOIO
sunedanura, Borrelia burgdorferi s. 1., Kapenusi, ce30H akTHBHOCTH

DOI: 10.31857/S0031184723010015; EDN: FIALBP



Wkconosere xirenm (Acarina, Ixodidae) cocTaBisoT rpymiry BEICOKOCTICIIHATH3HPOBAH-
HBIX BPEMEHHBIX KTOMAPA3UTOB C [uiMTenbHbIM nuTanuem (bamamios, 1982). Usyuenuio
9THX KTONAPA3UTOB YJEIsIETCsl 0c000e BHUMAHHUE, YTO CBA3aHO C MX yYacTHEM B Iepenade
MHOTHUX OINACHBIX JUIS YeJOBEKa W JKMBOTHBIX BO30yAMTENCH TPAHCMUCCHUBHBIX MH(EKIHIA
(Kopenbepr u np., 2013). Ha cerogusimiamii 1eHb B MUPOBOH ¢ayHe omucano 729 BUIOB
knemeit ceM. Ixodidae C.L. Koch, 1844 (Guglielmone, Robbins, 2018), n3 xoTopsIx Ha Tep-
putopuu Kapemnu oburaer mects: Ixodes persulcatus Schulze, 1930, I ricinus (Linnaeus,
1758), I trianguliceps Birula, 1895, I. apronophorus Schulze, 1924, I. lividus Koch, 1844
u . uriae White, 1852 (bobposckux, 1989; BecnsitoBa, Byrmeipun, 2012). U3 nepeurciicH-
HBIX KJemen aBa Buaa I. persulcatus v I. ricinus — IepeHOCUNKHA BO3OYIUTENEH OMACHBIX
3a00JIeBaHUI YEIOBEKa — MMEIOT TIEPBOCTEIICHHOE MEIUIIMHCKOE 3HAYCHUE.

Msyuenne nkconoBbix kieniei nposoautcs B Kapenuu ¢ 1940-x romoB mo Hacrosiee
BpeMsi. AHalIM3 JaHHBIX, MTOJIyYeHHBIX Oosee yeM 3a 70-J1eTHUi Iepro, Mo3BOJIMII TIPocCie-
JIUTh OCHOBHBIE U3MEHEHUsI Teorpaduueckoro pacrnpocrpanenus . persulcatus v 1. ricinus,
KOTOPBIC OMPEACTIAIOTCS CYIIECTBCHHBIM PACUIMpPeHUEM apeana [. persulcatus B CEBEPHOM
W 3alaIHOM HAlpaBlCHUSX M CHIDKEHUEM YHCIeHHOCTH [. ricinus (XeiicuH, 1950; Jlytra,
lyneman, 1954; Jlytra u ap., 1959; booposckux, 1989; becmarosa, byrmeipun, 2012,
2017, 2021; byrmeipus u 1p., 2013; Bugmyrin et al., 2013). 1o pesynsraram Hammx wuc-
cienoBanuii, npoBeAeHHBIX B Kapemuu ¢ 2007 mo 2018 roapl, ObUIM MOMYyYEeHBI JaHHBIE
0 MPOCTPAHCTBEHHOW U BPEMEHHOW TUHAMHUKE 3apakeHHOCTH [. persulcatus v I. ricinus
BO30YIUTESIMH BUPYCHBIX M OakTepHalbHBIX HHOeKmid (Bugmyrin et al., 2022).

B Hacrosiiiee Bpemsi Kpay/ICOPCHHIOBBIH MOAXO0]] B UCCIIEA0BaHUM (TIPUBJIEYEHHE Hace-
JICHUS! JJIs1 BBITIOJIHEHMSI KAKOH-TTMO0 paboThl) HAXOAMUT LIMPOKOE NPUMEHEHUE B OMOJIOTHH
U MEAMIIMHE, MOCKONBKY 32 OTPAHWYCHHBIN MPOMEXKYTOK BPEMEHHU IMO3BOJSACT MOIYyYUTHh
6ompmoit 06seM nHpopManuu. B @uansgaaun B 2015 1. B paMKax HaI[MOHAIBHOTO Kpayl-
copcuHTa OBUTO coOpaHo okosio 20 THIC. KICMIeH, aHaTH3 KOTOPBIX MTO3BOJIII OI[CHUTH KaK
0COOCHHOCTH MPOCTPAHCTBEHHOTO pa3MeIIeHHs MKCOIOBBIX KIIEIIeH, Tak 1 pazHooOpasue,
U BCTPEYaEMOCTb NMATOreHoB Y [. persulcatus v I. ricinus B pa3HbIX reorpaMueckux 30HaX
(Laaksonen et al., 2017, 2018; Kulha et al., 2022).

AHann3 WKCOMOBBIX KIICIICH, MOCTYMAIOINUX OT HACEIeHUS M3 pa3HbIX paiioHOoB Ka-
penuu, Ha UX 3apakeHHOCTHh BO3OYAHTEISIMH 0CO00 OIMACHBIX HH(EKIHA MPOBOIUTCS
B T. [lerpo3aBojck B «lleHTpe rurueHs! u snuaeMuonoruu B Pecriyomuke Kapemsy (LID).
EsxerogHo umcio oOpamienuii cocrasiser oosee 3 Toic. ([ocynapcTBeHHBIN JIOKIAM O CO-
CTOSIHUM OKpYyXaroriei cpeapl B Pecnyonuke Kapemus, 2022), 9To co3maeT BO3MOKHOCTh
Ut peanuzanun Ha 6aze LII'D permonamsHOTO «Kpayacopcunray. [IpoTokon uccienoBanus
kaemeil B LII'D He nmpenycMaTpuBaeT onpeesieHle BUaa NepeHocunka, mo3romy B 2019 u
2021 rogax Hamu ObLTA MPOBEJCHA CIICIMANIbHAS padoTa MO BHIOBOW TUATHOCTUKE KJICIICH,
TIOTyYCHHBIX OT HaceleHus. Llens nccnenoBanus — onpeaeieHre BUJOBOTO COCTaBa KIICIIEH

U OIEHKA WX 3apakeHHOCTH BO3OYAUTEISIMHA 0COO0 OMACHBIX MH(EKIIHH.
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MATEPHAJI 1 METO/bI

HUccnenoBanust nmpoBoamwin ¢ Mast mo ceHT10ps B 2019 u 2021 rr. Ha Ga3e «LleHTpa rHrHeHB U
srmaemuonorun B Pecrryomuke Kapemms»y (LII'D), pacnonoskennoro B T. Ilerpo3aBozck. Beero 3a aBa
rona B L{I'D oT HacelneHHs MOCTYMHIIO OKOJIO 6.5 ThIC. K3. KIEIeH, U3 KOTOphIX 2496 k3. ObUIH
orpesiesieHbl 10 BUa. B aHkere, 3amoiHsIeMOH pu perucTpanuy Kaxaoro Kiema, ykasana napopma-
YIS IO JaTe U MecTy (aAMUHHMCTPAaTUBHOM palioHe) BO3MOXKHOIO IpHcachiBaHus. OnpeneneHue Buia
KJIela POBOAMIIN NPIKU3HEHHO C HCIIOIb30BaHHEM CTepeoMHKpockona (x14) mo mopdomaorndecknm
npuzHakam (Pununmosa, 1977, 1997).

Brinenenne PHK u3 kiemeBoit cycneH3nn M o0paTHYIO TPAaHCKPUIILIHIO BBIIOIHSIN C IIO-
momipio HabopoB PHK/THK «PUBO-npen» u PEBEPTA-JI» (IIHWUU snunemuonoruu, Poccus).
[onyuennyro x/IHK mcrnonb3oBanu 1u1st BRISIBICHHS BUpyca KiemieBoro sHuedammra (BKD), 6oppernmit
xomruiekca Borrelia burgdorferi sensu lato, anormasmel — Anaplasma phagocytophillum, spauxuii —
Ehrichia chaffeensis / E. muris MeToJoM MOINMepa3HON LEMHOW peakiuu ¢ ruOpUAM3alnOHHO-
¢nyopecuentnoir perexuueir (real-time PCR) nabopom pearentoB «AmminCenc® TBEV,
B. burgdorferi sl, A. phagocytophilum, E. chaffeensis/E. muris — FL» (LIHUMW Dnunemuonoruw,
Poccust) cormacHO TPOTOKOITY MPOU3BOAUTEINCH.

Jlnst onmcaHust 3apa)KeHHOCTH MKCOJIOBBIX Kilemlell BO3OyIUTesIMI HH(MEKIUH OB pacCUUTaHbI
TIOKa3aTell UX BCTPEYaeMOCTH W JOBEpUTEIbHbIe NHTepBaibl (95%). Pasmuums oneHuBainch ¢ mo-
Mornpio TouHoro kputepust @umrepa (Fisher's Exact Test) mpu yposHe 3nadnmoctu p < 0.05. Pacuers
BBINIONIHEHBI B nporpamme Quantitative Parasitology (Reiczigel et al., 2019).

PE3VYJIBTATBI

B pesynerare BUoBOI qUarHOCTUKY Kiemiel, noctynusmux B 2019 u 2021 rr, onpene-
JICHO 6 BHJIOB, OTHOCAIIMXCS K ceMmeicTBy Ixodidae: Ixodes persulcatus — 2318 3k3. (2232
camku, 76 cammoB u 10 Humd), 1. ricinus — 123 3x3. (111 camok, 2 camma u 10 HUMD),
Dermacentor marginatus (Sulzer, 1776) — 1 3x3. (camka), D. reticulatus Fabricius, 1794 —
1 3x3. (camxka), Hyalomma marginatum Koch, 1844 — 1 sk3. (camen) u Rhipicephalus
sanguineus (Latreille, 1806) — 1 3Kk3. (camka).

s 55 wrenieit (w3 2496), kyaa Bolu U Bce He obutaronwe B Kapenvu Buast (D. mar-
ginatus, D. reticulatus, H. marginatum, R. sanguineus), paiioH BO3MOXXHOTO HamaJCHHUS
pacriosniokeH 3a npenenamu Pecnyonukn Kapenus (puc. 1).

3HAYHUTEIEHOE OOJIBIITMHCTBO KJICHICH, MOCTYMUBIINX C TEPPUTOpUH pectyormukn (95%
OT 001mIero uncia), npuxoaurcs Ha I. persulcatus. Cnyuau Hamanenus I. persulcatus Ha
YeJI0BEKa Yallle BCET0 PEerucCTPUPOBAIUCH B IEHTPAIBHBIX paifoHax rokHoM Kapemun —
[Tprnonexckom, Konnonoxckom u [psoxkuackom. Haxonku kieleil B ceBepHBIX paiioHax
Kapenuu Obutn eiuHUYHBIMA (pUC. 2).

Jomnst B 00mmx coopax kiema [, ricinus coctaBmwia 3%. BoibmmHCTBO 0co0ei ObLITH
JocTasieHsl U3 ommkaiiniero k LI IpuoHexkckoro paiioHa, Ipy ATOM BHJ ObUT OTMEUECH
u Ha ceBepe Kapenuu (puc. 2).

CornacHo JaHHBIM 10 oOpamaemocTr HaceseHus B L[I'D, akTMBHOCTH HamajaeHUs

MKCOMOBBIX Kilemied B Kapenun HaOmonanack ¢ anpenst M0 OKTAOpb, C MaKCUMaJIbHBIMU



3Ha4eHUsAMH B Mae (puc. 3). JlaHHas cuTyarus, TJIaBHEIM 00pa3oM, OTPEIeNsIeTCss XOA0M
CE30HHOW aKTHBHOCTHU /. persulcatus, MakcuMajbHasi YUCIEHHOCTh KoToporo B 2019 u 2021
rojax OTMEYeHa BO BTOPYIO M TPEThIO Aekajbl Mas (puc. 4). Camas NO3IHSS perucTpanus
Tae)KHOTO Kiema (THTaromascs camka) naruposana B Kapemnn 13 centsops (2019 ). Ax-
THBHOCTb EBPOIEHCKOT0 JIECHOTO KJIela HabIoanach ¢ HIOHS 10 OKTA0Pb, ¢ MAKCHMYMOM
B aBrycre — ceHraope (puc. 5).
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Pucynoxk 1. Kiremy, nocrynusmme B LleHTp rurnens! u smmaemuonorun Pecryomnkn Kapemms
(3enenslif) 3 npyrux peruoHoB (cepsiii): ARK — Apxanrensckas o6macts, BRY — BpsiHckas
obnacte, CHV — Uysamickast Pecriy6nuka, CR — Pecny6onuka Kpoim, FIN — Ounnsiaaus,

KAL — Kamyxcxkast obmacts, KAR — Pecny6nmuka Kapemnst KRA — KpacHonmapeknit kpai,

LEN — Jlenunrpaackas obmacts, MOS — MockoBckast o6macts, NGR — HoBropoackast o6macTts,
NIZ — Huxeroponckas oonacts, TVE — Teepckas obmacts, VLA — Bragumupckas 061acth,
VLG — Bonoroxackas oomacte VOR — Boponexckast 061acts, YAR — SIpociaBckast o6rmacts.

Figure 1. Ticks delivered to the Center for Hygiene and Epidemiology of the Republic of Karelia
(green) from other regions (gray): ARK — Arkhangelsk Province, BRY — Bryansk Province,

CHV - Chuvash Republic, CR — Republic of Crimea, FIN — Finland, KAL — Kaluga Province,
KAR — Republic of Karelia, KRA — Krasnodar Territory, LEN — Leningrad Province,

MOS — Moscow Province, NGR — Novgorod Province, NIZ — Nizhny Novgorod Province,

TVE — Tver Province, VLA — Vladimir Province, VLG — Vologda Province,

VOR - Voronezh Province, YAR — Yaroslavl Province.
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Pucynoxk 2. Yucno knemeid, TOCTYNMBLUIMX U3 PA3HBIX MyHUIUNAJIbHBIX pailoHOB Kapemmmu:
JUIsL KaXJ0ro paifona B uucnurene — I persulcatus, B 3HaMeHarene — [ ricinus.

Figure 2. Distribution of tick deliveries to the Center for Hygiene and Epidemiology
of the Republic of Karelia by provenance (districts of Karelia).
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PK (1. [leTpo3aBonck) B CBSI3M ¢ IMpUCACBIBAHHEM Kiemieil: / u 2 — KOJTMYECTBO YEJOBEK B CYTKH,
3 u 4 — cpenHee 3a HEIEIHo.

Figure 3. Appeals for service detected by the Center for Hygiene and Epidemiology
of the Republic of Karelia (Petrozavodsk) after tick attacks: / and 2 — number of persons per day,
3 and 4 — weekly average.
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Pucynok 4. Ce3onHast akTUBHOCTb [xodes persulcatus B Kapeauu 1o jpaHHbIM
obparmaemocTr Hacenenus B Llentp ruruens! u snunemuonorun PK.

Figure 4. Seasonal activity of Ixodes persulcatus in Karelia based on appeals for service detected
by the Center for Hygiene and Epidemiology of the Republic of Karelia.
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Pucynok 5. Ce3oHHast akTUBHOCTb [xodes ricinus B Kapenun 1o gaHHbIM
obparaeMocTi HaceseHusi B L{eHTp rurueHsl u snugemuoioruu PK.

Figure 5. Seasonal activity of Ixodes ricinus in Karelia based on appeals for service detected
by the Center for Hygiene and Epidemiology of the Republic of Karelia.

Berpewaemocts BKD B I persulcatus 8 2019 u 2021 rr. cocraBmia 1.5% [1.9-2.9].
Bupyc BBISBICH B Kiemax U3 BOCBMH MyHHIHIAIBHBIX paiioHOB Kapemuu (tadn. 1). Paz-
muaus B 3apaxkeHHocTH caMok (1.5% [1.1-2.1]) u cammos (3.0% [0.5-10.2]) 1. persulcatus
He 3uauumsbl (p > 0.05). YV B3pocasix 1. ricinus (n = 123) u uumd 1 persulcatus (n = 10)
BKD He BbIsiBIEH.

Ta6auna 1. BerpeuaemocTh OCHOBHBIX BO30OyauTesnell nHdekuii yenoBeka B paiionax Kapemun
(mannbre 3a 2019 u 2021 rr.)

Table 1. Distribution of tick-borne pathogens across Karelia (data for 2019 and 2021)

IMocTynuuo Kiemei, Berpeuaemocts Bo30OyauTeneil mHpexnmii

r::lon’ 9K3. BKD Borrelia burgdorferi s. 1. | Ehrlichia*®
l.per l.ric l.per l.per l.ric l.per
[Ipuonexckuit 672 38 1.5% 28.7% 13% 3.4%
Konnonoxcknit 366 7 1.6% 35% 3 u3 7 9K3. 5.5%
[psoxuHCKAI 290 6 1.0% 33.1% 2m6 3.1%
r. Ilerpo3aBonck 208 13 1.9% 31.7% 3uz 13 2.4%
Mensexxberopckuit 146 1 2.1% 32.9% 0 1.4%
[TutkspanTckuit 99 15 1.0% 27.3% 7% 1.0%




Ta6muua 1. Ilpoooncenue

Table 1. Continuation

Paiion,

IocTynuio kiemeit,

BcrpeuaemocTh Bo30yauTelieii mHGeKumii

rox K3 BKD Borrelia burgdorferis. 1. | Ehrlichia™
l.per l.ric l.per l.per L.ric l.per
[ynoxckuit 74 0 1.4% 25.7% - 8.1%
CyosipBcKHiA 64 5 3.1% 40.6% lm35 3.1%
Ononenxuit 60 4 0 33.3% 2u34 3.3%
Cerexckuit 31 3 0 29% 0 3.2%
CopraBanbckuii 18 12 0 22% 2u3 12 0
Benomopckuit 9 0 0 0 - 0
Jlax 1eHITOXCKHI 0 3 - 0 -
Kemckuit 2 0 0 1 u32 - 0
Myesepckuit 2 0 0 0 - 0
Kocromykmickuii 'O 1 1 0 0 0 0
Kanepanbckuil 0 1 - - 0 -
Paiion He ykazan 276 14 1.8% 42.4% 1u3 14 2.2%
2019 1287 61 1.5% 38.6% 13.1% 3.4
2021 1031 62 1.5% 24.9% 19.3% 33
Hroro 2318 123 1.5% 32.5% 16.3% 3.3%
[1.9-2.9] |[30.6-34.5]|[10.8-23.8]| [2.7-4.1]

Mpumeuanus. *Ehrlichia chaffeensis | E. muris; BKD — Bupyc kierieBoro sHiedaiira

(Tick-borne encephalitis virus); Lper — Ixodes persulcatus; Lric — Ixodes ricinus. Ilpu manom
(<15 9K3.) KOTMYECTBE MCCIEIOBAHHBIX KJIEHICH MPUBOJUTCS YMCIIO 3apaKEHHBIX (Hampumep,
3 w3 7 9K3. 1 T.1.); 0 — Bo3OyuTenn nHGEKIMH He 0OHAPYKEHBI; MIPOYSPK — KIICIIN HE HCCIIEI0BaHbI.

Boppemnu xomrutekca B. burgdorferi s. 1. 0blu 00HAPY)KEHBI Y MKCOMOBBIX KIIEHICH
B OonbmIMHCTBE paiioHoB Kapenmnu, 3a MCKIIIOUEHHEM TEPPUTOPHUIL ¢ HEOOJIBIINM YHCIOM

UCCIICIOBaHHBIX 0co0ei (Tabim. 1). 3apaxkeHHOCTD . persulcatus OOppeNUsMU COCTaBHIIA
32.5% [30.6-34.5], gto BoIIIE (p < 0.05), wem y I. ricinus — 16.3% [10.8-23.8]. Pazmmuns
3apakeHHOCTH caMoK — 33.1% [31.2-35.1] u cammoB — 38.8% [27.5-51.2] I. persulcatus
He 3HauuMmbl (p > 0.05). boppenuu Taxke ObUTH BBIABICHBI Y OnHON U3 10 HCCIICIOBAHHBIX

HUMO 1. persulcatus.

Berpewaemocts Ehrlichia sp. y 1. persulcatus coctaBuna 3.3% (tabn. 1). Y enun-

CTBEHHOU camku 1. ricinus n3 IlpuoHexckoro paiioHa B aBrycte 2021 . Oblma oTMedYeHa
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Ehrlichia sp. (3apaxennocts 0.8%). EnuncTBeHHBIN ciydail oOHapyxeHus Anaplasma
phagocytophillum Obln 3aperucTpupoBal y caMku I. persulcatus (3apaxenHocts 0.04%)
B Ilynoxckom palioHe.

OBCYXJIEHUE

BoNbIIMHCTBO MKCOMOBBIX KIIEHICH MOCTYIHJIO U3 PaliOHOB, PacloOKEHHBIX Ha Tep-
puropun Kapenuu. Bmecte ¢ tem, s 2% kiiemieil ObUI0 OTMEUEHO, YTO UX HallaJeHue
Ha YeJoBeKa (WM JOMANIHUX XMBOTHBIX) MPOM30MLIO 3a TpeaenaMu peciryonmukn. Kax
MpaBuJIo, 3TO rpannyamme ¢ Kapenuneit 6onee roxuble Jlenunrpanckas u Bomoroackas
obnactu (puc. 1). Camblii qanbHUIA Cllydail 3aB03a KJICHICH YEI0BEKOM ObLT 3aperHCTPHUPO-
BaH B mroHe 2021 1., Korma MecTo HamaJaeHus Kiema Obuto ykazaHo «lIpuMopckui Kpaii»
(Bup xiema He niBecTeH). [logoOHBIe ciydyan OOBIYHBI. J[MMTENbHBINA MEpHoN NUTAHUS U
CHOCO6HOCTL BbDKHMBATh B T'OJIOJHOM COCTOAHHH ACJIAOT BO3MOXXHBIM AK€ TPAHCKOHTUHCH-
TaJBHBIN TTEPEHOC MKCOMOBHIX Kiemel (Jaenson et al., 1994; JlamynoB u np., 2012). Cpenun
nmoctynuBimux B [[I'D mkcomoBBIX Kiemiel ObUTH W BUIBI, He obOuTaromme B Kapenwn, —
D. marginatus, D. reticulatus, H. marginatum, Rh. sanguineus. Jlo HelaBHETO BpEMEHU
ToibKo D. marginatus 6vu1 otmedeH B Kapemun (KotoBckuit, Byrmeipun, 2013). Tononnas
camka Obuta coOpaHa ¢ co0aky IpH MPOBEJICHUU YYETOB B TOpoACKOM mapke Ilerposa-
BOJICKa, YTO MOXKET ObITh CJIEJCTBHEM 3aHOoca Bujaa emé Ha ¢aze Humopsl. B urone 2021
I. B MaTepHasiaX W3 BeTepHHApHOHW KinHUKHU T. Ononna (tor Kapemnn) Opia oOHapykeHa
nuTaBmasics camka D. reticulatus, cusitas ¢ codaku. ITockonbky nHpopmManun o mecre
NPUCACBIBAHMS KJICIIA HET, HEeJIb3sl MCKJII0YaTh 3aHOCHOM XapakTep M 3TOW HAaXOIKH.

[TomydeHHbIE B XOA€ MCCIIENOBAHUN PE3YIBTATHI TIOITBEPKAAIOT BBIBOIBI IO BHIOBOMY
COCTaBYy M PacIpOCTPAHEHHIO OCHOBHBIX MEPEHOCYMKOB BO30YIUTENCH PHUPOIHOOYArOBBIX
oonesneir B Kapenuu (becnistoBa, Byrmeipun, 2012, 2021; Bugmyrin et al., 2013, 2019).
Hamnbonee maccoBeiM BUIOM Ha Oonpmieii wactu tepputopun Kapemuu sBusercs 1. per-
sulcatus, KOTOPBIA OINpEEIsieT XapakTep CE30HHOM TUHAMHUKH W STHIECMHUOIOTHIO TPaHC-
MHCCHUBHBIX I/IH(l)CKLII/IfI. B orinuuwme ot JAaHHBIX O YHUCJIC aKTHUBHBIX Knemeﬁ, CO6paHHBIX
C PaCTUTEIBHOCTH, JJAHHBIE O YHCIE KJICHICH, MOCTYNMMUBIINX B MEANIUHCKHUE YUpEKIe-
HUSI, 3aBUCST HE TOJBKO OT YMCICHHOCTH NEPEHOCYMKA B KOHKPETHOM paliOHE, HO U OT
IUIOTHOCTH HACEJICHHMs, & TAKKE YIAJIEHHOCTH 3TOr0 MECTa OT aJMHUHUCTPATHBHOIO L[EHTpa
(r. Merpo3zaBoxck). Tak, Oompire Bcero kiemeit B L{I'D moctymmimo u3 Ommkaimmx MyHH-
LUMaJIbHBIX 00pa3zoBaHuid. B To Bpemst kak u3 ynaneHHbIX Cyosipckoro, [InTksipanTckoro
u Ilynoxxckoro palioHOB KJIE€LIEH NMOCTYIWIO MEHbUIE, IPUYEM JIOKAJIBbHASI YUCIEHHOCTh
I persulcatus 3mech MOXKET AOCTHUTATh BBICOKMX 3HaueHUi (Bugmyrin et al., 2013; Bec-
nsiToBa, byrmeipun, 2017).

EBpomnelickuii IeCHOW KJIEIl PEerHCTPHPOBAJICS Ha BCeil Tepputopun 1oxHoi Kapemmw,
3a MCKITIOUEHHEM caMoro BocTouHoro [Tymokckoro paifoHa (pHc. 2), 9TO cOTllacyercs ¢ pe-
3ynbTaTaMu noieBbix nccaenoBanuil (becrsatoa, Byrmeipun, 2021). Ce30HHast akTHBHOCTB
storo Buaa B Kapenun Hactymaer mosxe, ueM y I persulcatus (puc. 5), u IpoJOIDKAETCS 10
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HOs10ps. B 2021 . B Kormonoxxckom paiioHe HeTOMUTABINAsCS caMmKka /. ricinus Obla CHATa
¢ cobaku 29 Hos0pst. Camasi BEICOKasi YMCIEHHOCTh 3TOrO BHAA B cOOpax ¢ pacTUTEIbHOCTH
B Kapenuu ormeuena B Jlaxnennoxckom paitone (becniaroBa, byrmeipun, 2021), oqHako ero
yaajeHHoCTh oT [leTpo3aBoacka cka3ajgack Ha MaJOM 4YHcie mocTynuBIHX B LD kiemrei.

@dakThl €TMHUYHBIX HAXOJIOK B3pOCIbIX ocobel I. persulcatus w I. ricinus B ceBEepHBIX
paiionax Kapenmu (KaneBansckom, Kemckom n JloyxckoM) moka HETOCTAaTOUHBI IS OKa3a-
TEIbCTBA UTUTEIILHOTO CYIIECTBOBAHUS 3/1€Ch JIOKAIBHBIX HOIMYIIALMN. Benka BeposSTHOCTD
3aHoca HUM( KIIelel, HarpuMep, NTUIlaMHU, K TOMY K€ MECTO OOHapy:KeHHMs Kiema (Ha
ceOe WM JIOMAallHEM >KMBOTHOM) 4acTO HE COBIIQJIaeT C MECTOM ero HamajeHus. Bmecrte
C TeM, yJacTHBIIHECS B ITOCJIEIHHME TOIbI CIydyal PETUCTPALUU B3POCIBIX HMKCOTOBBIX
knenieil B CerexxckoM u beromopckom paiioHax, MOT'YT CBHIETEILCTBOBATH O CMELIEHUH
TPaHUIl UX apeasioB Ha ceBep (B MEpBYIO ouepenb I. persulcatus), IO CPAaBHEHUIO C Mpel-
mecTByromuM nepuonoM (Xeticun, 1950; Byrmeipun u ap., 2013), u pacumpeHnn Teppu-
TOPHH, MOTEHIUAIBHO OIACHOM IO KJIEHIEBBIM MHMEKIHSM.

AHanu3 BCTpe4aeMOCTH MHQEKIUil noka3an 0oJjiee BHICOKYIO 3apak€HHOCTh KIella
1. persulcatus o cpaBHEHUIO C [. ricinus, 4TO COINACYETCS C paHee MOIyYCHHBIMH JaHHBI-
MU Ha marepuaiie u3 npupoasl (Bugmyrin et al., 2022). Msl He BoisiBHIM BKD B 1. ricinus,
YTO yKa3bIBae€T HAa HU3KYIO BCTPEUaeMOCTbh BHpYyca y ATOro mnepeHocuuka. Panee B Kapemun
BUpPYC OTMeuasn y /. ricinus TOJBKO Ha OCTPOBAX, B MECTaX €ro COBMECTHOTO OOMTaHUS
c I persulcatus (Bugmyrin et al., 2022). B I. persulcatus Bupyc 3aperucTpupoBaH BO
MHOTHX paioHax rokHoW Kapenuu ¢ gacroroit Bcrpeuaemoctu 1-3%, U ero oTCyTCTBHE
B HaIlIeM HCCIIEOBAaHWH Ha CeBEpe M roro-3amaze Kapemuu ompeznenseTcs HEAOCTATOUHBIM
YHUCIIOM HCCIeIOBaHHbIX Kiemed. O0mas 3apaxeHHOCTh kiemed BKD, moctynusmmnx
OT HaCeJIeHHs, HUXKe, YeM Yy KJiellei, coOpaHHbx ¢ pactutenbHoctu (1.5 mpotus 4.4%)
(Bugmyrin et al., 2022). Cornacao psay pador (MensHuKOBa 1 11p., 1997; Pomanenko,
Konpparsesa, 2011; Suss et al., 2004), Bctpeuaemocts Bupyca KO y nurTaBmmxcs kiemen
BBIIIIE, YEM Yy TOJIOJHBIX, YTO OIMpPEENAETCs, C OJHONW CTOPOHBI, PEIIMKalUeil BUpyca MpH
MMUTaHUX KJIelma, ¢ APYroil — OONbIIel MOABIKHOCTHIO 3apayKeHHBIX 0cobel (AJeKkceeB U
ap., 1988; Belova et al., 2012). bonee BbicOKast 3apakeHHOCTb KJICIIECH, COOpaHHBIX B IPH-
POMHBIX YCIIOBHUSAX, IO CPABHEHUIO C 3apPAXKEHHOCTHIO KIICHIEH, MOTy4YeHHBIX OT HaCeJICHHUs,
MOET OBITh CBSI3aHA C IIPOCTPAHCTBEHHON HEOIXHOPOAHOCTHIO TEPPUTOPHH IO BCTPEUAEMO-
ctu Bupyca KO. Tak, no pe3ynsraram npeaslaylmux ucciaenopanuil B Kapennu 3Hauntens-
Hasl 4yacTh Kiemeil Obiia coOpana B ouare KD (1. ['oMcenbra) ¢ BBICOKMMH MOKa3aTEIIIMHU
3apakeHHus BUPycoM (0koi0 7%), 4TO, B CBOIO O4YEpE/b, ONMPEACIIIO 1 0ojiee BHICOKHE
cpennue 3HadeHus (Bugmyrin et al., 2022). Marepuai, nojgy4eHHbIH OT HaceleHHs, paH-
JIOMHM3MPOBAH M HE MMEET JIOKaJIbHOW NMPHUBA3KH K KOHKPETHOMY Odary.

Boppenuu xommuiekca B. burgdorferi s. 1. — Hanboee 9acTo BBIABISEMBIC BO3OYIUTEITH
nHdpekunn B Kapenuu B knemax /. persulcatus n 1. ricinus. Bo Bcex paiioHax, rae Oblm
OTMeueHBI OOppeNuy, 3apakeHHOCTh [. persulcatus He omyckanachk Hmxke 22%, a camas
BBICOKasi BcTpedaeMocTh coctaBmuia 40% (Cyosipeckuil paiion). M3-3a HeOombIIoro 4ncia
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WCCIIE0BAHHBIX KIEIEH /. ricinus Mbl HE MOKEM OLIEHUTh IPOCTPAHCTBEHHOE PacHpoCcTpa-
HeHHe Ooppesnii y 9TOro BHJA, HO, 1O OOIIEMYy IOKa3aTelo, BCTpeyaeMoCTh Ooppennuit
B I. ricinus Hwxe, 4yeM B I. persulcatus.

B 1eom nono6Hy0 KapTHHY — Oosiee HU3KYIO 3apaXeHHOCTb [. ricinus 10 CPaBHEHHIO
c 1. persulcatus — HabIonay ¥ B APYyrUX paloHaX CUMIATpHX 3THX BuaoB kiemei (Koren-
berg et al., 2001; KopotkoB u ap., 2008; Geller et al., 2013; Katargina et al., 2013; Laak-
sonen et al., 2017). B To ke BpemMs B MecTax OAMHOYHOTO OOMTaHUA [. ricinus (Hampumep,
Hopsernn n ®uHISIHANN) TIOKa3aTelN 3apaKEHHOCTH Kak OoppenusiMu, Tak 1 BKD moryt
nocTurath Beicokux 3HadeHuit (Pettersson et al., 2014; Soleng et al., 2018; Sormunen
et al., 2020; Vikse et al., 2020). Pa3nuuus B 3apak€HHOCTH IBYX MEPEHOCYNKOB BO MHOTOM
OTIPEJIEIISIIOTCS SKOJIOTMYECKUMH XapaKTePUCTHKAaMU KOHKPETHOTO MECTOOONTAHHMS, KOTOPbIE
BKJIIOYAIOT B ce0sl M BUJIOBOW COCTaB OCHOBHBIX IMPOKOPMHTENEH B3POCIIBIX U JIMYMHOYHBIX
(a3 paszsutus nkcomoBsix kiemeil (Kucnenko u ap., 1993; baxsanosa u np., 2001; Gandy
et al., 2021). Panee mis teppuropun OuHISHINN OBIJIO MOKa3aHO, YTO pazHooOpasue n
YPOBEHb 3apakKCHHOCTH [. ricinus OAKTEPUSIMHU BBIIIC B PailOHAX OMUHOYHOTO OOMTAHHS
9TOTO BHA, TI0 CPABHEHHUIO C paifOHaMH COBMECTHOTO oOuTanus c I. persulcatus (Laaksonen
et al., 2018). B Kapenuu /. ricinus aOCOMOTHO JOMHHHUPYET TOJNBKO Ha Tepputopuu Jlax-
JICHIIOXCKOT'O paioHa, OJIHAKO Pe3yJbTaThl HACTOSINIETO MCCIEIOBaHUS U paHee MOTyYeHHbIe
JIAaHHBIC CBHUIETEILCTBYIOT O MEHEE HANPSDKCHHOW 37€Ch AMUAEMHOIOTHYECKOW CUTYyaIn
10 KJICIHIEBBIM MH(EKINSIM, 10 CPAaBHEHHUIO C CUTyallMel B LEHTPAJIBbHBIX paioHAX FOXHOM
Kapenuu.

[Homumo BKD u 6oppenuit komruiekca B. burgdorferi s. 1., B kiemax, MOCTYIUBIINX
B L{I'D, ObuH BBISIBICHBI BO30YIUTENN MOHOIMTApHOTO 3pnuxuosa (Ehrlichia chaffeensis
/ E. muris) 1 TpaHyJIONUTAPHOTO aHaruiasmosa (Anaplasma phagocytophillum). Ehrlichia
sp. oOHapyxeHa B I. persulcatus BO MHOTUX paiioHax Kapemuu, u ypoBeHb 3apakeHHOCTH
comracyercst ¢ JaHHBIMU n3 npupoas! (Bugmyrin et al., 2022). 3tot Bo30ynuTens BriepBbie
obHapyxeH B Kapenuu B iemax /1. ricinus.

Anaplasma phagocytophillum — Bo30ynnuTens TpaHyIOIUTAPHOTO aHATLIA3MO3a, PEAKHA
B Kapenmu Bua. B 2021 1. mpu uccnenoBanuu 6onee 3 THIC. KIelIeH OBIIIO 3aperHCTPHPO-
BaHO JIUIIb 3 TOJOXKUTENbHBIX citydast ([ocynapcTBeHHBIN MOKIaL O COCTOSHUM. .., 2022),
OIMH W3 KOTOPBIX — 3aBO3HOM (I. ricinus w3 BopoHexckoil 061.), Bropoii u3 T. Ilerpo3sa-
BOJICKa (BUJ KJIela He OIpesesieH) U TpeTuil — I. persulcatus — na Boctoke Kapenuu.
B paiionax cummaTpuu AByX BHUIOB Kiieleil A. phagocytophillum Jame BIABISIOT B 1. rici-
nus (Masuzawa et al., 2008; Katargina et al., 2012), xots B apeane [. persulcatus BcTpe-
YaeMOCTh ATOTO ITATOTCHAa MOXKET TOCTHTAaTh BBICOKHMX 3HadeHUWil (Rar et al., 2010; Stuen
et al., 2013).

B Kapenmu B3pocibie 0co0M HKCOTOBBIX KIIEHIEH SBISIOTCS OCHOBHBIMHU ITEPEHOCYHKAMH
B030yauTeNnel nHpeKnnii 4enoBeKy, 1oy HuM(Q OT o0mIero yncia mpocMoTpeHHsx B LI
kiewet 1. persulcatus v 1. ricinus coctaBisuia Bcero okono 0.4 u 9%, COOTBETCTBEHHO. DTO
COIIIAcyeTCs C Pe3ylbTaTaMy MOJIEBBIX HUCCIIEIOBAHUH, JEMOHCTPUPYIOIINX HU3KYIO YHCIICH-
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HOCTh HUM( Kak [. persulcatus (Bugmyrin et al., 2019), Tax u 1. ricinus (bectiatoBa, bByr-
MbIpuH, 2021) B cbopax ¢ pactutenbHOCTH Ha (uiar. B 3amagnoii EBpone mMeHHO HUM(BI
I. ricinus UrpaoT CYIECTBEHHYIO POJIb B HEIIOCPEACTBEHHOM Iepesiade aTOreHOB YEIOBEKy
(Gray et al., 2016). Takume paznuuus B COOTHOUICHWH KIICHIEH B3POCIOH M HUMQAIbHOH
¢dazpr B cOOpax M3 pa3HBIX PETHOHOB OOBIYHBI M CBSI3aHBI C KOMIUIEKCOM OMOTHYECKHX
U aOMOTHYECKHX YCIIOBHH, ONPENENSIONINX, B MIEPBYI0 04Yepe/lb, BEPOSITHOCTh HANAJCHUS
HuM} Ha Oomee kpymHBIX MiekonuTaromux (Korotkov et al., 2015). Hecmotps Ha TO, 9TO
3HAYHUTEILHOE OOJBIIMHCTBO MOCTYNHBIINX KJICIIEH ObUIN cCaMKaMH, 3HAaYCHHE CAMIIOB Kak
HEePEHOCYNKOB MH(EKIHH, 0COOCHHO KIICIIEBOTO SHLE(ANNTa, HeJlb3sl HelOOLeHUBaTh. [1o-
Ka3aTesy 3apakeHHOCTU KJICHIEBBIMH MH(EKIMSIMU CaMIIOB U CaMOK /. persulcatus cXomHsbl,
a COOTHOILICHHE B IPUPOAHOH monyrsiimu Omm3ko k 1 : 1 (Bugmyrin, Gorbach, 2022). Cam-
bl Kitemeit poxa Ixodes sipisirorest aaramMu, OHAKO BO3MOKHO HX HENPOTOKUTEIBHOE
npukperuieHne kK npoxopmuresaM (bamamos, 1967; Jleonosud, 2022). Bmecte ¢ Tem BKD
JIOKAJIM3yeTCsl B CIIOHHBIX JKeJe3ax KJICIla M MOMaJacT B KPOBb Cpasy MpH IOBPEKICHUH
KOXKHOTO TMokpoBa (AnekceeB, UyHuxus, 1990).

Pe3synbrarhl, MoTyueHHBIE B HAIllEM HCCIEIOBAHUM, OCHOBaHBI Ha aHamu3e aumb 40%
ot oOmero yncna noctynuBmmx B LII'D kiemei, kotopsle ObUIH ONpeeNeHbl 10 BUAA.
B a0comoTHBIX 3HAYEHMSAX ITO COCTABISAET COTHU OCOOEH, YTO CTal0 AOCTATOYHBIM AT
OLICHKH OOIIEH CUTyaluy 10 PaclpOCTPAHEHHUIO MKCOOBBIX KIEHIEH U MEePEHOCHUMBIX MU
nHdexnuit B Kapenuu. Ha ceromusmnuii geHs Ha TEPPUTOPUH PECITyOIMKH OCHOBHBIM
MEPEHOCUYMKOM OIACHBIX MH(MEKIMI ¢ BHICOKMMH TIOKa3aTeIsIMU 3apakeHust siBisiercs 1. per-
sulcatus. I1lupokoe pacrpoCTpaHEHNE W BBICOKAs YHCIEHHOCTh ATOTO BHIA OMPENENSIOT
SMHEMUOIOTHYECKYIO CUTYalluIo B M3y4aeMOM pETHOHE.
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TICKS AND TICK-BORNE INFECTIONS IN KARELIA: ANALYSIS OF TICKS
BROUGHT BY CITIZENS TO BE TESTED
AT THE CENTER FOR HYGIENE AND EPIDEMIOLOGY
IN THE REPUBLIC OF KARELIA (PETROZAVODSK)

S. V. Bugmyrin, T. B. Poutonen, T. N. Pakhomova , L. A. Bespyatova,
V. E. Chevskaya, N. A. Kocherova

Keywords: Ixodes ricinus, I. persulcatus, tick-borne encephalitis virus, Borrelia burg-

dorferi s. 1., Karelia, activity season
SUMMARY

In 2019 and 2021, species composition of the ticks provided by citizens was studied at the Center
for Hygiene and Epidemiology in the Republic of Karelia (based in Petrozavodsk). As a result, about
2 500 tick specimens were identified as belonging to the following species of the family Ixodidae:
Ixodes persulcatus Schulze, 1930, I ricinus (Linnaeus, 1758), Dermacentor marginatus (Sulzer, 1776),
D. reticulatus Fabricius, 1794, Hyalomma marginatum Koch, 1844, and Rhipicephalus sanguineus
(Latreille, 1806). For 2% of the ticks, including all species not typically dwelling in Karelia, the
attacks occurred outside of Karelia. For districts of Karelia, two species were identified: |. persulca-
tus (approx. 95% of all ticks delivered) and I. ricinus. Prevalence of pathogens in ticks as analyzed
with the use of a commercial kit «AmpliSense® TBEV, B. burgdorferi sl, A. phagocytphillum,
E. chaffeensis/E. muris — FL» based on real-time PCR. Prevalence of the tick-borne encephalitis virus
in I persulcatus was 1.5%. In I ricinus ticks the virus was absent. The prevalence of the Borrelia
burgdorferi s. 1. and Ehrlichia spp. complex constituted 32.5 and 3.3% in 1. persulcatus versus 16.3
and 0.8% in /. ricinus, respectively. A single occurrence of Anaplasma phagocytophillum was found
in I. persulcatus (prevalence — 0.04%). The main determinant of the epidemiological situation in
Karelia is the wide distribution and high abundance of I. persulcatus.
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C mOMOIIBI0 METOOB CBETOBOIl M IMEKTPOHHOM MHUKPOCKONHUH HCCIEJOBaHA yNbTPACTPYKTypa
KOKHO-MYCKYJIFHOTO MelIka Hemaronsl Heterakis dispar (Schrank, 1790) u3 cemeiictBa Heterakidae,
a TaKkXKe MPOBE/ICHO CPABHEHHE CTPOCHUS STOTO MEIIKAa ¢ aHAJIOTHYHBIM MEIIKOM Y APYTHX BHUIIOB
Toro ke cemelicra. Kyrukyna Hemaronsl H. dispar COCTOMT M3 BOCBMH CIIOEB: | — SIHKYTHKYIA;
2, 3 — BHEIIHUNA ¥ BHYTPEHHUI KOPKOBbIEC CJIOU; 4, 5 — BHEIIHUI U BHYTPEHHUI FOMOICHHBIE CIIOU;
6, 7 — BHCIIHUI ¥ BHYTPCHHUN BOJOKHHUCTBIC CJIOW; 8 — 0a3anbHas MeMOpaHa. [OMOTCHHBIN CIIOi
KyTHKYJbI B HECKOJIBKO Pa3 TOJIIE B JIATEPATbHBIX KPBUIbSIX y 000UX MOJNOB M BOMM3M Oypchl camiia,
10 CPABHEHUIO C APYTUMHM YACTSIMHU KyTHKYJIbI T€IbMHUHTA. B oTnmume oT Apyrux BHAOB ceMeiicTsa,
y camuoB H. dispar KyTHKyaa UMeeT 3 pa3lUIHBIX THIIA CTPOCHHS B Pa3HBIX ydacTKax Tena. B Oa-
3aJIbHOM CJIO€ KYTHKYJIBI BBISIBICHBI TPyOKOOOpa3HbIE CTPYKTYPBI, COCTOAIINE U3 TUIOTHBIX (GHOPHILT
1 MHUKpOTPYOOYEK. DTH CTPYKTYpHI paHee He OTMEUalMCh y IPYrHX BHIOB ceMeiicTa. B rumonepme
HEMaTo/Ibl IPOCIICKUBAIOTCS JOPCAJIbHBINA, BEHTPAJIbHBIN U 2 JaTepalbHbIX BaJluKa, [IPUYEM JlaTepallb-
HbIC BaJIMKM BIBOE KPyITHEE OCTANbHBIX. Taroke ObUIM BBISBICHBI YIBTPACTPYKTYPHBIE 0COOCHHOCTH
9KCKPETOPHOTO KaHala U HEPBHBIX CTBOJIOB, PACIIONOKEHHBIX B THUMOAEPMAIbHBIX Banukax. HepBHas
cHcTeMa TeJIbMHHTa OPTOrOHANbHasA. MyCKynaTypa HOMHMMHAPHOTO THUIIA, YHCIIO MBIIMIEYHBIX KIETOK
xonebnercst or 17 1o 26 B 3aBHCUMOCTH OT I10Ja M 9acTU Tella TeIbMHHTA.
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CTPYKTypa, TPAHCMUCCUOHHBIN 3J1€KTPOHHBIH MHKPOCKOII

DOI: 10.31857/S0031184723010027; EDN: FJAUUL

20



B pesynmerare mpoBeAeHHBIX TeIbMIHTOIIOTHYECKAX HCCIICIOBAaHUI Ha TEPPUTOpUN A3ep-
Gaitypkanckoi PecrryOnmuky y JIOMaliHUX BOAOIUIABAIOMINX NTHUI] (JIOMAaITHUK Tych — Anser
anser domesticus (L.) u nomaiunss ytka — Anas platyrhynchos domesticus (L.)) Hamu
6buT0 3apeructpupoBano 27 BuaoB rensMuHTOB (Seyidbeyli, Rzayev, 2018; Rzayev, 2021a,
2021b; Rzayev et al., 2021), u3 Hux 13 BUHOB oTHOCATCA K Kiaccy Hematon (Eyvazov,
2022). U3 uux 3 Buna (Heterakis dispar, H. gallinarum, H. altaicus) OTHOCSTCS K CEeMEii-
ctBy Heterakidae. Y nTum Bo Bcex McCleOBaHHBIX paiioHaX Ha TEPPUTOPUH PECITYOIHKH
Hemarona H. dispar iMeeT BBICOKYIO WHTCHCUBHOCTh M SKCTCHCUBHOCTH 3apakKCHUsS. JTOT
TeJIBMHUHT TAKXKE SIBJISICTCS CHCHU(UICCKAM MMapa3uToM JUIs JaHHBIX X03sieB. OmnpeencHue
TaKCOHOMHYECKOTO TIOJIOKEHHS BHUIIOB, MMPUHAIISKANNX K ceMmeiicTBy Heterakidae, mo mpu-
3HAKaM, MPEICTABICHHBIM B OINPEICIUTENIX, IMEET HEKOTOPHIC TPYIHOCTH. DTO CBSI3aHO
C TEM, YTO BHJIbI, BXOJSIIKC B 3TO CEMEHUCTBO, MOP(OIOTHUECKH OYCHb CXOKHU. M3yueHue
MHKPOCTPYKTYPBI TKaHEH ITO3BOJIUT BBIIBUTH JIOMOTHUTEIbHBIE TAKCOHOMUYECKHE TIPHU3HAKN
JUTS MICHTA(DUKAIIMH BUIOB MTapa3uToB. [IpoBeieHHBIN aHAIN3 JINTEPaTypPHBIX JTaHHBIX TO-
Ka3aJi, 4TO PabOTHI [0 M3YUCHHIO YJIBTPACTPYKTYPbI HMCIOTCS JIMIIb JII HECKOIBKUX BUJIOB
vemaron (H. gallinarum, H. spumosa), oTHocsmmxes K cemeiictBy Heterakidae (Lee, 1971,
1973, 1975; Lee, Lestan, 1971; BorosiBienckuii, 1973; BorosBinenckmii u ap., 1982; Wright,
Hui, 1976; Zmoray, Guttekova, 1987; Bird, Bird, 1991; Mehlhorn, Harder, 1997). Ilpu 3tom
9TH JaHHBIC BKITIOYAIOT B ce€0sl CBEINEHUS 00 YIBTPacCTPYKType TOIBKO HEKOTOPHIX OPraHOB
M3ydaeMoro mapasuta. ¥ HeMaronsl H. dispar TONHOCTRIO H3Y9eH MUTOXOHAPHAIBHEIHN Te-
HOM, B TOM YHCJIC MPOBEICHA MOJICKYJIsIpHAs UaACHTU(GUKAINSA U (PUIOTCHETHUCCKUM aHaIH3
(Bobrek et al., 2019; Gao et al., 2019; Elshahawy et al., 2021). Jlureparypsl, MOCBAIICHHOH’
M3yYCHUIO YABTPACTPYKTYP ATOW HEMATONbI, HAMU HE OBLIO BBISIBICHO, U MIMEIOTCS TOJIBKO
CBelleHHS 0 MOP(OIOTHUCCKOM CTPOCHUN HEMATOJIbI, TIOYUYCHHBIC C UCIOIb30BAaHUEM CBC-
ToBoro Mukpockomna (Hacupos u nip., 2008). YunuTtsBast Bce BBIIECKa3aHHOE, MBI ITOCTaBHIIH
[IENTb — U3YYUTh CTPOCHUE KOKHO-MYCKYJIBHOTO MeEIIKa (KyTHUKYIA, TUIIOCPMa W MBIIICYHBIN
cioit) Hematonsl H. dispar METOaMH CBETOBOM M AJIEKTPOHHOM MUKPOCKOITHH, a TaKkKe
MIPOBECTH CPABHUTEIGHBIA aHAU3 C IPYTUMH BHIAMH TOTO K€ CEeMEHCTBaA.

MATEPHAJI 1 METOJIJMKA

B pesysnbrare UcCle0BaHUM, IPOBEICHHBIX METOIOM HOJIHOTO Iapa3sHTOIOTHYECKOrO BCKPBITHS
(Cxpsibun, 1928; [younuna, 1971), uzydeno 12 sk3. nTum B Bo3pacTe OJHOrO roga (6 9k3. ryceit
1 6 5K3. YTOK) M3 YaCTHBIX NTHIEBOAUECKUX X03sHiCTB T. [llabpan (41°12718.3" N, 48°59°44.8" E)
Aszepbaitkanckoit PecriyOnuku. TenbMUHTB ObUTH COOpPAHbI U3 CIEIBIX OTPOCTKOB KHIICYHHUKA.
W3 cobpanHOro Marepmaina OBUIM IIPHTOTOBJIEHBI IIOCTOSHHBIE IIPEIapaThl, 3aKII0YEHHbIE B KaHAM-
ckuit 6anp3am. [lapasutoB nsydamu mnox crepeomukpockonom (MBC-9, Poccust) m Mukpockornom
Primo Star (Zeiss, ['epmanus). Maentudukannio BUIOB Mapa3uToOB MPOBOAWIN MO ONPEACIUTEIIO
PookukoBa (1967). lnsg mpUroTOBICHHS MONYTOHKUX M YJIBTPATOHKHUX CPE30B MOJIOBO3PEIBIX HE-
Marof (pa3pe3aHHbIX Ha 4JacTH) (ukcHpoBanu cMmecbio 2% pacTBopa TIOTapanbaeruaa, 2% pac-
TBOpa mapadopmansaeruga u 0.1% pactBopa mukpuHOBOH Kucimotsl Ha 0.1M docdarnom Gydepe

(pH = 7.4). Ioctdukcanus mposoamnack B 1% pacTBope 4ETHIPEXOKHCH OCMUS B TedeHHe | gaca.
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®dukcupoBaHHbI MaTepuan Obul 3amuT B Apanaut-OnoH (Kuo, 2014; Yushin et al., 2021). ITomy-
TOHKHE W YIBTPATOHKUE CPe3bl MPUTOTOBICHBI Ha ynbTpamukporome EM UC7 (Leica, CILIA). Ilo-
JyTOHKHE cpe3bl (1 MKM) OKpalIuBaad METWJICHOBEIM CHHUM, a3yp II, ¢pykcunom (D’Amico, 2005) n
NIPOCMAaTPHUBAIHN TI0]] CBETOBBIM MHUKpocKoroM Primo Star (Zeiss, ['epmannst). @otorpadun nomyganm
¢ nomouipio 1udposoit porokamepsr EOS 650D (Canon, SInonust). Ynsrparonkue cpess! (50-70 HM)
okpamuBaa 2% HaCBIIIEHHBIM BOJHBIM PAacTBOPOM ypaHHianerara u jJokpamusanu 0.6% pacTso-
poMm uncToro uurpara cBuHua Ha 0.1 M pactBope NaOH. DnexrpoHorpaMmsl Nolydyanud Ha TPaHC-
MHCCHOHHOM 3JIeKTpoHHOM MuKpockorne JEM-1400 (JEOL, flmonus) npu nanpspkennn 80-120 kB.
Usmepenns Ha (ororpaduax caenaHsl IpH momouu mporpamMMsl ITEM-TEM Imaging Platform.
CraTHCTHYECKHe pacuyeThl MPOBOAMINCH C IOMOMIBIO TporpaMMel Microsoft Excel. Ananus maHHBIX
TIPOBOIWIICS Pa3IMYHBIM napamerpam (Min, Max, mean+SD). J/laHHbIe TPHHUMAIINCH KaK CTAaTHCTH-

yecku 3HauuMble 1ipu p < 0.05.

PE3VJIBTATBI

KoxXHO-MyCKYIbHBI MEIIOK TOJ0BO3penoil Hemaronsl H. dispar (camka M camel) co-
CTOWT W3 KyTHKYIBI, TUIIOJICPMBI U MBIIIEYHOTO ciosi (puc.lA).

Kyrukysaa. Bpiio BbIsIBIEHO, YTO KyTHKYNa Hemaronbl H. dispar, uMeromas HeKie-
TOYHOE CTPOEHHE, COCTOUT M3 BOCBMH CJIOEB: | — SMUKYTHKYJa, 2 — BHEIIHUHA KOPKOBBIH
CJIOH, 3 — BHYTPEHHHI KOPKOBBIH CIIOH, 4 — BHENIHUI TOMOTEHHBIN CIOH, 5 — BHYTPEHHHH
TOMOTCHHBIN CJIOHM, 6 — BHEIIHUM BOJIOKHHUCTBIN CIOM, 7 — BHYTPEHHUH BOJIOKHUCTHIN CIIOH,
8 — OazanpHas memOpanHa (puc. 1A). Ilpu OOTPIMX YBETHUCHUIX AEKTPOHHOTO MHUKPOCKOIA
Ha/l SIUKYTHKYJIOH ObLT 00OHapy)KeH TOHKHMH IIMKOIIPOTEHMHOBLIHN cioit (puc. 1B). M3mepe-
HUSI TOJIIMHBI CIIOEB KYTHKYJbI Tapa3uTa ObUIM CTaTHCTHYECKH 00pabOTaHbl, pe3ybTarhl
TpeacTaBieHsl B Tabn. 1. O0mas TommuHa KyTHKYIIBI HEMATOIbl COCTaBIsIeT 2.4—2.7 MKM
(2.5 £ 0.035 mxm). Ilo Bce#t amuHe Tenma y ocobeil 0boero moja pacronaraeTcst napa
JaTepalibHBIX KPBUILEB, KOTOPbIE UMEIOT KYTHKYJsipHOEe npoucxokaeHue (puc. 1C u 1D).
Kpputbst cOCTOAT M3 KOPKOBOTO, TOMOT€HHOTO B pHOpHImIsipHOTO cioeB (puc. 1D). Tommrimaa
KOPKOBOTO cJ10s1 Ha 00KOBO# yacTh KpbutheB cocTaisieT 0.79—1.19 mxm (0.94 + 0.048 mxm),
Ha koHuukax 0.40-0.57 mkm (0.48 £ 0.022 mxwm). ['omoreHHBIH U GUOPHIUSIPHBINH CIIOH
nmeroT TomuwHy 1.48-4.19 mxwm (2.72 + 0.33 mxm) n 1.03-3.20 mxm (1.90 £+ 0.21 MrMm) co-
OTBETCTBEHHO. J[TMHa JatepanbHbIX KpbUibeB cocTaBisieT 20.3—34.3 MM (27.3 £ 0.16 MxMm).
B oTinume oT KyTHKYJbI, TOMOTEHHBIH CJI0H Ha OOKOBBIX KPBUIBSIX BBINISIAUT TEMHBIM M
COCTOHUT U3 JABYX 4acTell (puc. 1D). V camios, B oTiaHYne OT CaMOK, OOKOBBIE KPBLIBS
Ooree pa3BHUTHI B KayJaJbHOW YacTH M OKpysKaroT Oypcy (puc. 24 n 2B). IIpu anexrpoHHO-
MHUKPOCKOITNYECKOM HCCIICA0BAHNY KYTHKYJSIPHBIX KPBUIbEB BOKPYT Oypchl HaOmomaeTcs
CTPYKTYpa, CXOIHAS C YIBTPACTPYKTYPOH OOKOBBIX KphUIbeB. OIHAKO TOMOTEHHBII CIION BO-
Kpyr Oypcsl B 4 pa3a ToJIle, YeM B TOMOT€HHOM CJI0€ KpbuibeB (TomnmmHa 7.29-14.30 Mxkm
(11.34 + 0.82 mkM)) u He pasmeneH Ha e yactu (puc. 2C). Y camok BHemHss popma
KYTHUKYJbl B IEpEIHEN, CpENHEN U 3alHEH YacTsIX Tejla OAMHAKOBA. Y CaMLOB, B IIEpeIHEHN
yacTu Tena, opMa KyTukyibl miankas (puc. 2D). B obmactu pacmonoxeHus: CEeMEHHOTO
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MeIIKa Ha TOTEePEYHBIX CPe3ax TebMHUHTA MPOCIEKUBAIOTCSA YIITyOICHHS, pacTIOOKEHHBIE
Ha O/IMHAKOBOM PACCTOSIHUM (4 MKM) JpYyT OT Apyra. OTH yIIyOJeHUs MPOCTHPAIOTCS 10
TOMOTEHHOI'O CJIos KyTHKYIbI (puc. 2F). B 3amHeit yactu Tena, B 00JIACTH PaCIIONOKCHUS
CHIHKYJI, KyTHKYJIa IMeeT GopMy BONHHI (puc. 2F).

TMEM

Pucynoxk 1. YnerpacTpykTypa KyTHKYAbl HeMatoasl H. dispar. A, B, D — 31eKTpOHHO-
MHUKPOCKOIIMYECKHe (oTorpaduul ylnbTpaTOHKUX TONepedHbIx cpe3oB (50—70 HM), OKpalIeHHBIX
YpaHMIAETaToM U IuTparoM cBuHIE; C — ¢oTorpadust Ha CBETOBOM MHKPOCKOIIE, MOy TOHKHIA
nornepedsblit cpe3 (1 MKM), ABYXCIIOWHOE OKpamMBaHnue MeronoM D’Amico. 4 — CIION KyTHKYIIbI,
B — mmxonporenHoBblii cnoit, C u D — narepalibHbIe KPbUIbS. / — SIUKYTHKYNA, 2 — BHEIIHUIN
KOPKOBBIH €TI0, 3 — BHYTPEHHHH KOPKOBBHIH CIOH, 4 — BHENIHMII TOMOTEHHBIH CIIOH,

5 — BHYTPCHHHUI TOMOTCHHBIN CIIOW, 6 — BHELIHUI BOJIOKHUCTBIN CIOH, 7 — BHYTPEHHHI
BOJIOKHUCTBIN CJI0M, 8 — Oa3anbHas memOpana, Cu — KyTukyia, Hy — runonepma,

ML — mprmeunstii cnoit, C — KOPKOBBIH CI0#, /1 — TOMOTeHHBIH CIOH, ' — GUOPMILIAPHEINA CIIOH,
JIBOIHBIE YEPHBIE CTPEJIKM — TOHKUI MIMKOIPOTEUHOBBIN CIIOM.

Figure 1. Ultrastructure of cuticle of the nematode H. dispar. A, B, D — electron microscopic
photograph of an ultra-thin cross section (50—70 nm) stained by uranyl acetate and lead citrate;
C — light microscopic photograph of a semi-thin cross section (1 pm), two-layer staining by
D’Amico method. 4 — layers of cuticle, B — glycoprotein layer, C and D — lateral alae.
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Pucynok 2. ®opmer kyTukymnsl Hemarons! H. dispar. A—B — dotorpaduu Ha CBETOBOM
MHUKPOCKOIIE, TIOJIyTOHKUH monepeunslid cpe3 (1 MKM), IByXCIOHHOE OKpalIMBaHHE METOIOM
D’Amico; C—F — anexrpoHHO-MuKpockornudyeckue Gororpadus yabTpaTOHKHUX TONEPEUHbIX CPE30B
(50-70 HM), OKpamIeHHBIX ypaHWIANETATOM H IUTPaToM CBHHIA. 4 1 B — KyTHKymna Bokpyr Oypch
camua, C — roMOreHHbIi CJI0if KyTHKY/IbI OKOo Oypesl, D — rmiaakas Gpopma KyTHKYIIbI,

E — kyrukyna ¢ ynryOneHusAMH (10 TOMOI€HHOro ciiosl), ' — KyTuKyaa B ()opMe BOJIHBIL.

C — KOpKOBBIi ci10M, H — TOMOTEHHBIN CI0H, £ — GuOpWIISpHEI ci1oif, Hy — runoxepma,

ML — MplmiedHblii ClIol, YepHbIe CTPEIKH — OOKOBBIE KPbUIbs OYPCHI.

Figure 2. Forms of cuticle of the nematode H. dispar. A—B — light microscopic photograph
of a semi-thin cross section (I um), two-layer staining by D’ Amico method; C—F — electron
microscopic photograph of an ultra-thin cross section (50-70 nm) stained by uranyl acetate
and lead citrate. 4-B — cuticle around bursae of the male nematode, C — homogeneous layer
of the cuticle around the bursae, D — smooth form of cuticle, E — cuticle with depressions
(up to a homogeneous layer), F — cuticle in wave form.
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Pucynok 3. VibrpacTpykTypa 06a3anbHOIl 4acTH KyTHUKYIbl M THUIOAEpMBbI Hematonsl H. dispar.
DJIeKTPOHHO-MUKpPOCKOIIYecKre (HoTorpadun yasTPaTOHKHX HOIepedHbIX cpe3oB (50-70 HM),
OKpAIIeHHBIX YPaHWIAIIETaTOM M UTPATOM CBHHIA. A — TpyOKOOOpa3HBIE CTPYKTYpPBI

B 0a3aJIbHOM 4acTH KYTHKYJbl, B — KOXHO-MYCKy/IbHBII MEIIOK, B TOM YHCJIE U TMIOIEPMA,

C — opranesmisl runozaepmsl, D — ¢unamenTs! B runogepme, E — nomynecMocomMsl Mex Ty
KyTHKYJIO# 1 Tunoznepmoii, F — sapa B Bamukax. Cu — KyTHKyna, Hy — rumoaepma,

ML — wmpimeunstit coit, M — mutoxonapusi, V — Bakyosib, GL— mukoreH, Hd — nonynecMocom,
Lg — nmarepanbhbie kpbutbs, N — sipo, Tk — cekpetopHblil kaHai, Lb u gepHbie cTpesnkn

(A) — TpyOKoOOpasHbie CTPYKTYpHI, uepHbie cTpenku (D) — dumaMeHTsi.

Figure 3. Ultrastructure of basal layer of the cuticle and hypodermis of the nematode H. dispar.
Electron microscopic photograph of an ultra-thin cross section (50-70 nm) stained by uranyl
acetate and lead citrate. 4 — sustaining structures in the basal layer of the cuticle, B — body wall,
including hypodermis, C — organelles of the hypodermis, D — filaments in hypodermis,

E — hemidesmosomes between cuticle and hypodermis, F — nucleuses in hypodermal ridges.
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Taéauua 1. HekoTopbie CTATHCTHYECKUE PACYETHI TONIIMHBI CIIOEB KYTHKYIIBI
Hemaronsl Heterakis dispar

Table 1. Some statistical calculations of layers thickness of cuticule
from the nematode Heterakis dispar

Crnou KyTHKYITBI Min, mxm | Max, MkM | X = SX, MKM
OnuKyTuKyna 0.013 0.015 0.014 +0.00016
KopxoBsrit BHerHni KOpKOBBIH 0.019 0.028 0.024 +£0.0011
BHyTpeHHMI KOPKOBBIit 0.254 0.285 0.274 £ 0.003
ToMOreHHE BaenHuii roMoreHHsIH 0.393 0.448 0.424 + 0.007
BuyTtpennuit romorenssiii | 0.686 0.753 0.708 £ 0.007
BHemnHn#t BOTOKHUCTHIH 0.764 0.841 0.798 + 0.009
Oubprutsipuslil | Buyrpennuii Bookaucteiid | 0.205 0.277 0.238 £ 0.008
bazanbHast memOpana 0.017 0.022 0.021 +0.0007

Jns kaxporo nmapamerpa n = 36.

B 6a3axpHOM ci0€ KyTHKYNBI OBITH BBISBICHBI MOAACPKUBAIONINE TPYOKOOOpa3HbIC
CTPYKTYpBI, TONIIIHA KOTOPhIX coctaBisuia 0.079-0.144 mxm (0.12 + 0.006 Mxm) (puc. 3A).
[Tpu Gosee BBICOKMX YBEITMUCHUSIX MUKPOCKOINA BHYTPHU THX TPYOOK Takke HaOJIoIaIich
(uOpMIIBI 1 MUKPOTPYOOUKH.

I'unonepma. I'unoxepMalibHbIA CI0M HEMATOA pacroyiaraeTcss MexAy KyTHUKYJIOW u
MBIIICYHBIM cioeM mnapasurta (puc. 3B). Croli uMeer cuHiMTHANBEHOE cTpoenue. [o Beeit
JUTMHE THUIofepMa o0pa3yeT 4 THmoiepMaIbHBIX BalliKa, 2 JaTepalbHBIX, | JOpcambHBIN
u | BeHTpanbHeid. TommuHA TaTepanbHBIX BATHKOB qocturaeT 82.17-84.92 mxwm (83.57 £
0.36 mkMm). [JlopcanbHblii Basimk nmeer Toiamuny 46.92-48.43 mkm (47.78 + 0.18 Mxm),
a BEeHTpaJbHBIA BaMMK He mpeBbimaet 41.47-44.32 mxm (42.48 + 0.32 Mxm). JlopcasibHbBIE
BIMKH KPYITHEE BEHTPAIBHBIX, a JIaTepalibHbIe MOYTH B J1Ba pasa Oombiie odonx. Tommumna
THIIOZIEPMBI, BHE THUIIO/IEPMAJIbHBIX BAJMKOB, JocTHraet 2.24-4.44 mxwm (3.40 + 0.24 mMxm).
B runonepme oOHapyKeHbI BaKyoJld, pUOOCOMBI, IHAOIIA3MATHUECKAsl CETh U KOMIIIEK-
cbl [ob/pKH, a Takke OONbIIOe KOJIWYeCcTBO MUTOXOHApHH M rmmkoreH (puc. 3C). Kpome
TOTO, B TUIIOJIEPME BBISBIICHBI MHOTOYHCIICHHBIE TUIOTHBIE (riamenTsl (puc. 3D). Mexny
0a3alpHBIM CJIOEM KYTHKYJIbl 1 MEMOpPaHON T'MIIOAEPMBbl HAOMIOAAIUCH MOJIYAECMOCOMBI
(puc. 3E). B rumoxepManibHBIX Balukax oOHapykuBaroTcs siapa (puc. 3F). B xaxxaom u3 a-
TepalbHBIX BAJIMKOB OTMEUEHO IO JIBA A/]pa, AUAMETP KOTOpbIX cocTaBiseT 4.02—6.73 MM
(5.38 £ 0.35 mxm). B mopcanbHOM M BEHTpANbHBIX BaJIMKaX sapa HAaMH HE OOHApPy>KCHEI.
B narepasibHBIX Bannkax HaOJIONAIOTCS TIIMKOTEH, MUTOXOHJPUH, SHIOMIa3MaTHIECKas
ceTh, pUOOCOMBI, KOMIUIEKC [0JIB/KH, MUKPOTPYOOUKH, pa3IMYHbIE THIIBI MHOQUOPHILI
n Bakyonu. Kpome Toro, B narepanbHbIX BalMKax ObUIM BBISBIEHBI IIUTOILUIA3MATHUYECKHE
tenba (inclusion bodies) (puc. 44 u 4B). LluToruiazmMaTHuecKue Teblla, JHaMeTp KOTOPBIX
cocrasisier 0.31-0.61 mMxm (0.49 + 0.042 MxM), ObIIM TaKke OOHApYXKEHBI B THIOZIEPME,
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HaxoJsIIeiics oA KyTHKYJISIPHBIMH KPBUIbSIMH BOKPYT Oypchl camna. B kytukyie, pac-
MOJIO)KCHHO!N Ha TpaHuIIe ¢ JaTepalbHbIMU BaJHKaMHU, HAOMIONA0TCS OTPOCTKU Oa3albHON
MeMmOpansb! (umHa 0.53-0.95 mxm (0.75 + 0.04 mMxm)) (puc. 44 u 4B). [Ipu BeicOKHX
YBEJINYCHUSAX MUKPOCKOIIA XOPOIIO BUAHBI BCE TPH CJIOS OTPOCTKOB Oa3aibHONH MeMOpaHbI
(puc. 4B). Te xe camble OTPOCTKH OBLIM OOHAPYKEHBI B KYTHKYJISPHBIX KPBUIbSIX CaMI[OB
Hemaron H. dispar. Onnako jiauna ux mensblie (0.35-0.66 mxm (0.46 + 0.035 Mkm)), yem
Y BBILICYKa3aHHBIX.

Pucynok 4. CtpykTypa OTpOCTKOB 06a3anbHOM MeMOpaHBI, IIUTOIIA3MaTHYECKNX TeNel U
9KCKPETOPHOTO KaHalla TUIIOAEPMbl HeMatonpl H. dispar. DneKTpOHHO-MHKPOCKOIINYECKUE
(doTorpadun yIbTPaTOHKHUX HOIEpedHbIX cpe3oB (50—70 HM), OKpalIeHHBIX ypaHWIALETATOM H
LUTpPaTOM CBHHIA. A — 0OIIMI BHI OTPOCTKOB 0a3albHOW MeMOpaHBI, UTOIIA3MATHIECKHUX TEJIell,
B — te e orpoctku npu ysenuuennu 100 000, C — oOumii BUa IKCKPETOPHOTO KaHaua,

D — ynerpactpykrypa mutorsiasmel kaHaia. Cu — KyTHKyna, Sh — [UTOIIIa3MaTnieckue Telblia,
Md — orpocTku Oa3anbHOI MeMOpaHsbl, [k — ceKpeTopHBIi KaHal, R — pudocowm,

De — rpanynsphas sHp0IUIa3MaTH4eckas cetb, K — xaHanbel, KM — mpocBeT 3KCKpEeTOPHOTO KaHaa,
Bm — mpocser kanansies, Me — MmeMOpaHa CTEHKH AKCKPETOPHOro KaHaia, M — MHTOXOHIpHH,

V1 — Bakyonu B JaTepajbHBIX BaJHKaX, V2 — MpHUKpEIJICHHBIE K MEMOpaHe BaKyoIld;

cHe)XUHKH (C) — runojepMasbHbIi BaJlUK.

Figure 4. The structure of basement membrane processes, inclusion bodies, and excretory canal
of hypodermis of the nematode H. dispar. Electron microscopic photograph of an ultra-thin cross
section (50—70 nm) stained by uranyl acetate and lead citrate. A — general view of the basement
membrane processes and inclusion bodies, B — same processes at a magnification 100 000,

C — general view of the excretory canal, D — ultrastructure of the cytoplasm of canals.

27



B 1ieHTpe Ka)XI0T0 JIaTepatbHOTO BaJIMKA PACIIONOKEH TPYOUAThIi SKCKPETOPHBIN KaHaJ,
KOTOPBI NMEET KIETOYHOE CTPOCHHE U UaMeTp KoToporo gocturaer 2.61-4.20 mxm (3.58 +
0.20 mxm). Ero nuroruiazma conepKuT pasjinuHble OpraHeiuibl — puO0COMBI, TPaHYIISIPHYIO
9H/IOMJIA3MATHYECKYIO CETh, MUTOXOH/APHH, Bakyoin u kKaHaibl (puc. 4C u 4D). B mem-
OpaHe KJIETKH MMeroTcs Topsl. [IpociexnBaercst mporece BbIBEICHHS MPOAYKTOB OOMEHa
C y4yacTHeM BaKyolJIeH, pacloJIOKEHHBIX B JIaTepPaJIbHBIX BallMKax. Bakyonn mpubimxaroTcs
K MeMOpaHe CEeKPEeTOPHOIo KaHasa, UX COAEPKMMOE ITONAAal0T B LUTOIIA3My CTEHKH JKC-
KPETOPHOTO KaHaljla 4epe3 OTBEepCTHsl (MTOopbl) MeMOpaHsb!I myTeM sHjonuTo3a (puc. 4D). U3
IIUTOIUIa3Mbl BBIJICICHHBIC BEIIECTBA MEPEXOJAT B KaHAJbBI, KOTOPbIC HAXOAATCSA B TOJIIIE
CTEHKH 3KCKPETOPHOTO MPOTOKA. DTH KaHAJbl OTKPBIBAIOTCS B MPOCBET SKCKPETOPHOTO
kaHana (puc. 4D). [TonaBmme B 3TOT MPOCBET MPOLYKTH OOMEHA YAAJSIOTCS U3 OpraHn3Ma
MOCPE/ICTBOM IPOTOKA, PACIIOJIIOKEHHOTO B MEpefHe YacTH TeJIbMMHTA.

Hepshast cucrema Hemarons! H. dispar OpTOrOHaNbHAs, COCTOUT M3 HEPBHOTO KOIbIIA
1 OTJCIISIIONIMXCS OT HETO HEPBHBIX CTBOJIOB. DTH CTBOJBI PACHOJIIOKEHB! B JOPCAIBHBIX H
BEHTPAJIbHBIX BaJMKax. HepBHbBIE CTBOJIBI COSMHAIOTCS MEXKAY COO0H MHOXKECTBOM KOMMC-
cyp. Komuccypsr nmeror ¢popmy nomykosnen. JlopcanbHblil CTBOJI HHHEPBUPYET MbIIICYHbIE
KJICTKH CITMHHOM YacTH, a BEHTPaJIbHBINA CTBOJI — OPIONIHYIO YacTh Tela mapasura. HepsHble
KJIETKM MHHEPBUPYIOT TaKKe CTEHKH OPraHOB IMUIIEBApEHUs U pa3MHOXKEHHS. BeHTpaibHbIH
CTBOJI TOJIIE, YeM cUHHOH. OOmmid BHJ BEHTPAIBHOTO M JIOPCAIBHOTO THIIOAEPMAb-
HBIX BAJIMKOB ITOKa3zaH Ha puc. 54 u 5C, a CTPyKTypa HEPBHBIX CTBOJIOB IIPEJCTABICHA HA
puc. 5B u 5D. B neHTpanbHOI 4acTH BEHTPAIbHOTO M JOPCATBHOTO BAJIMKOB OTUETIMBO
BUJHBI OTPOCTKHM HEPBHBIX KJIETOK — ACHAPHUTHI U aKCOHBI. AKCOHBI COZIEPKAT MHUKPOTPY-
6ouku u HelpopuIaMeHThl. B neHapuTax, KpoMe BBIIIE YKa3aHHBIX CTPYKTYp, OOHAPYKH-
BalOTCS MUTOXOHJPHUH, a TaKkke IMKoreH (puc. 5B u 5D).

MbleYHbIH €JI0#. SIBISISICH TPETBUM CII0EM KOKHO-MYCKYJIBHOI'O MEILKA, paciojara-
€TCs MEXy TUIIOIEPMON U CTEHKON MEpBUYHON MOJIOCTH Tena. MBIIIeuHsl CI10M mapa3ura
pasBut xopomio. Ero tonmmua nqocturaet 21.28-27.28 mxm (24.54 + 0.62 mxm). I[locpen-
CTBOM TMIOJECPMAIIbHBIX BAJIMKOB MBIIIEYHOMN CJION paszienieH Ha 4 4acTH. YCTaHOBIECHO, YTO
KOJIMYECTBO MBIIIEYHBIX KJIETOK MEXIYy BaIWKaMH y Hemaronsl H. dispar xonmebmercst oT
17 mo 26 B 3aBHUCUMOCTH OT IOJIa U YaCTH TeJIa TeIbMUHTA. MBIIIEYHBIH CJION HEMATOMBI
H. dispar oTHOCHTCS K TIOMMMHUAPHOMY THITY. MBIIIIEUHbIE KIETKH 00pa30BaHbI U3 TPEX JacTeH —
capkomepa (quamerp 7.02—18.16 mxm (12.83 + 1.37 MxMm)), capkoria3Msl (quamerp 5.65—
15.34 mxm (10.91 + 1.28 MKM)) U HUTOIUIA3MAaTUYECKUX OTPOCTKOB (puc. 64). B nentpe
CapKOIUTa3MbI PacTIoNiokeHO Oopinoe sapo. Ero mpomonpHas ock nocturaer 4.66—6.33 MM
(5.54 £ 0.19 mkMm). lluToriasaMaTn4yecKue OTPOCTKH MBIIMICYHBIX KICTOK HAIpPaBICHBI
B CTOPOHY HEPBHBIX IIYYKOB, KOTOPbIE PACIIOJIOKEHBI B BEHTPAJIBHBIX U AOPCATbHBIX THIIO-
JepMalbHBIX BaluKax (puc. 68). B muTomrasMe 3THX OTPOCTKOB HAOIIONAIOTCS MUTOXOH-
JIpUH, BaKyOJIH U OOJIBIIIOE KOJIMYECTBO IIMKOTeHa (puc. 65). MbIIIeYHbIi CIIOi OTAENsIeT OT
rHIoaepMbl OasanbHas MmemoOpana. Ee tommmna pasHa 0.037-0.065 mxm (0.049 + 0.003 Mkm).
CokparnMast 4acTh MBIIICYHON KJIETKH COCTOMT M3 JIBYX KPYIHBIX (PMOPHILIIPHBIX CTBOJIOB
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(puc. 6C). CTBONBI, B CBOIO OY€pEb, PA3ACIAIOTCS Ha MHOTOYHCICHHBIC TIPOJOIbHEIE (HH-
OprntsipHbIe mydkH (puc. 6D). Mexay GpuOpmusipHEIME BOJIOKHAMH PacIojIararoTcsi TeMHbIC
tenbia (dense bodies). Ux auametp cocrasisier 0.091-0.17 mxm (0.14 £+ 0.01 mxm). Du-
OpmuApHBIe MydKH aensaTcs Ha Toicthie (muametp 0.019-0.024 mxm (0.022 £+ 0.0005 mxm))
u ToHkue (muamerp 0.004—0.006 mxm (0.005 £ 0.0002 mxMm)) drrameHnTsl (puc. 6F).
B nuromnasme capkoriasmbl TakkKe HaOIIONAIOTCS MUTOXOHAPHUH, INIMKOT€H U BaKyOJIH
(puc. 6F). IIpu BBICOKOM pa3peIIeHUH SIEKTPOHHOTO MHUKPOCKOMA B COKPAaTUMOW YacTH
MBIIICYHBIX KJIETOK OBUIO BBISBICHO HEOOJBIIOE KOIMYECTBO MUTOXOHIpHU (puc. 6D).

Pucynok 5. YnerpacTpyKTypHBIE OCOOCHHOCTH HEPBHBIX CTBOJIOB HemaTonsl H. dispar.
DIIeKTPOHHO-MHUKpOCKoNUueckre (Gororpaduu yIbTpaTOHKHX MOMEpedHbIX cpe3oB (50-70 um),
OKpAILICHHBIX YPAHUIALETATOM M LUTPATOM CBHHIA. A — OOIIHI BUJI BEHTPAJIBHOTO HEPBHOTO
cTBONA, B — yIpTpacTpykTypa HEpBHBIX KIETOK BEHTpaIbHOTrO cTBONA, C — oOIIHii BHL
JIOPCAIbHOTO HEPBHOTO CTBOJA, D — ynbTpacTpyKTypa HEpBHBIX KIETOK JOPCAIBHOTO CTBOJIA.
Mc — mpimeynsie kietku, AX — akcoH, Dt — nenaput, Cu — kytukyna, NC — HepBHBI CTBOJI,
Ve — BenTpanbHblil Banuk, Dc — JOpCaabHbIA BaJlUK.

Figure 5. Ultrastructural features of nerve cords of the nematode H. dispar. Electron microscopic
photograph of an ultra-thin cross section (50—70 nm) stained by uranyl acetate and lead citrate.
A — general view of ventral nerve cord, B — ultrastructure of nerve cells of the ventral cord,

C — general view of dorsal cord, D — ultrastructure of nerve cells of the dorsal cord.
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Pucynok 6. CtpoeHue MbILIEYHBIX KIETOK HeMaTonsl H. dispar. DIEeKTPOHHO-MHKPOCKOIINYECKUE
(doTorpadun yIpTPaTOHKHUX IONEpedHbIX cpe3oB (5070 HM), OKpalIeHHbIX ypaHUIALETaTOM

W IUTPATOM CBHHIA. 4 — OOIIMI B MBIIICYHON KJIETKH, B — anexTpoHOrpamma
LMTOIIA3MATHYECKOTO OTPOCTKA MbILICYHBIX KieTok, C — o0mmmii Bua capkomepa, D — crpoenne
capkomepa, E — Tonkue u toncteie ¢unameHtsl, F — cTpykrypa capkomiasmsl. Sc — capkomep,
Sp — capkomnasma, Mco u 3Be3na (B) — nuromnazmMaTnieckue OTPOCTKH MBIIICUHBIX KIICTOK,

N — simpo, Cu — kytukyna, Hy — runogepma, Bm — Gasansnast memOpana, Db — temubie TenbIibl,
V — Bakyoss, M — mutoxounpusi, GL — mmkoreH, Fd — GuOprUIsIpHbIEe UKy,

ctpenka (E) — ToicThle (DMIAMEHTHI, TOJI0OBA CTpensl (E£) — TOHKHE (UIaMEHTEHI,

cHe)XUHKA (B) — OTpocTOK HEpBHOH KIICTKH.

Figure 6. The structure of muscle cells of the nematode H. dispar. Electron microscopic
photograph of an ultra-thin cross section (50—70 nm) stained by uranyl acetate and lead citrate.
A — general view of muscle cell, B — electronogram of the muscle arms, C — general view

of the sarcomere, D — structure of the sarcomere, E — thin and thick filaments,

F — structure of the sarcoplasm.
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OBCYXIEHUE

B nocrynHoll Ham nuTeparype MMEIOTCS JaHHBIE O HEKOTOPBIX MHUKpOMOpoioruye-
CKHUX OCOOEHHOCTSX KOXXHO-MYCKYJIBHOTO MEIIKa IMapa3uTHUYECKUX 4YepBEd JBYX BUIOB
H. gallinarum (Martini, 1909; borossnenckuii, lpsrHouknna, 1968; borossrenckwii, 1973)
u H. spumosa (lapumosa, 1972; Mehlhorn, Harder, 1997), oTHOCSIUXCS K CEMEHCTBY
Heterakidae. M3 Hux Hemarona H. spumosa 4aCTUYHO M3yuYeHa C WCIIOIb30BAHHEM DJICK-
TpoHHOTO MHKpockoma (Mehlhorn, Harder, 1997). Bce BrImeyka3zaHHBIE aBTOPBI OTMEYAH,
YTO KO)KHO-MBIIIEYHBIH MEIIOK MCCIIEIOBAHHBIX HEMATO/ COCTOMT N3 KyTHKYJIbI, TUIIOEPMBI
U MBIIIEYHOTO cllosi. Y Hemaroibl H. dispar, i3y4eHHOW HaMM BIIEpBBIC HA YJIBTPACTPYyK-
TYPHOM ypPOBHE M OTHOCSIIEHCS] K TOMY )K€ CEMEHCTBY, KOKHO-MYCKYIIBHBII MEIIOK TaKXkKe
COCTOMT M3 yKazaHHBIX cinoeB (puc. 14, 3B). B kyrukyne nemarons! H. dispar Hamu ObUIO
BBISIBJICHO BOCEMb CIIOEB. TO e KOJMYECTBO CIIOEB KyTHKYJbl OBUIO OOHApy»KEHO paHee
y Ipyroro BuAa 3Toro ke pona, H. gallinarum (Borosenenckwmii, 1973). B pesynsrare
aHaJM3a MOJYYEeHHBIX HAMM CTaTHCTUYECKUX JaHHBIX (Taln. 1) mist memaronsl H. dispar
YCTAHOBJICHO, YTO KOPKOBBIN Ci10il cocTtaBisieT 12.4%, roMoreHHsii cinoit — 45.3%, a du-
OpuITIpHBINA c10i — 42.3% oT 00IIeH TONIMHBI KyTHKY/bL. Y CBOOOTHOKHBYIINX TTOYBEH-
Heix HeMmarof (Caenorhabditis elegans) sNUKyTHKYITy CHapy>KH HOKPBIBAET ITMKOKAJIMKC
(tmukonporenn) (Page, Johnstone, 2007; Cox et al., 1981). B Hamux ucciieoBaHUAX HaL
SMUKYTHUKYIIOW TenbMHUHTa H. dispar Ha OONBIINX yBeMWUYEHHSIX MHKpockoma (>100000)
Taroke ObUT MpociexeH NIMKoKaIuke (puc. 1B). B nmuteparype cBeneHus 0 MOBEPXHOCTHOM
NOKPBITUU KYTHKYJIbI TIIMKOIIPOTEHHOM y BHJIOB, OTHOCSIIMXCS K cemeicTBy Heterakidae,
HaMHU He OOHapy»XeHbI. DTH JAaHHBIC TI0 CEMEWCTBY MPUBOSTCS BIEpBBIC. VIMeloTcs TaHHbIe
0 TOM, YTO CTPOEHHE MU (PopMa KYTHKYJIBI MOTYT OBITH Pa3IMUHBIMH Y B3POCIBIX 0COOEH 1
JIMYMHOYHBIX CT/IMH, CaMIIOB M CAMOK WJIM B Pa3HBIX YacTSAX Tejia OJHOW M TOH ke 0CoOu.
ITomoOHbIe pa3nuuus paHee HAONIONAINCH HAMHU TIPH W3YYECHUH YIBTPACTPYKTYPBI KOXKHO-
MYCKYJIBHOTO MemKa Hemaronsl Irichostrongylus tenuis (Mehlis, 1846), oTHOCcsmelcs
Kk apyromy cemeiictBy (Trichostrongylidae) (Cennbeiinu u ap., 2020; P3aeB u ap., 2020).
ITo ¢gopme u cTpyKType KyTHKYIbl 4- JTHUUHOYHAS CTAMsl HEMATOAbl 1. fenuis CHIIbHO
OTIIMYaJIach OT T0JIoBO3peliol (opmbl. B npyrom Hamiem mcciieioBaHMM yCTAHOBIICHO, YTO
Hemarona 1. tenuis umeeT 4 pa3nuuHble QOPMbI KYTHUKYJSIpHBIX KpbuibeB (P3aeB u np.,
2020). [TomoOHBIE pa3nuyms B CTPOCHUH KYTHKYJIBI, OTMEUCHHBIC BBIIIE, OOHAPYKECHBI HAMHU
y camuoB Hematonsl H. dispar. Tak, B nepeiHell 4acTH Teja napa3ura KyTHKy/a IJajKasi,
a B CpeHeil HaxoIsTcs yrIyOlieH s, KOTOpbIE PACIIONararoTCsl Ha OJIMHAKOBOM PACCTOSTHUN
IpyT OT apyra. B 3amgneil wactu Tenma KyTukyma umeer gopmy BomHH (puc. 2D-2F). Ot
pasinuusi He oOHapyKeHbI y caMOK Hemaroabl H. dispar. JIpyroil omIm4nTenbHON 4epToit
KYTHKYJIBI SIBJISIETCS TO, YTO €€ TOMOTEHHBIN CJIOM B JIaTepPaJIbHBIX KPBUIbSIX HEMAaTOJbI
H. dispar Tommue, 4eM B IpyTUX 4YacTsIX KyTHKYIJbl mapasuTa. [Ipu 3Tom B Oa3anpHOM ciioe
KyTHKYJIBI OTMEYEHO Hayinmuue TpyOkooOpasHbIXx cTpykryp (puc. 3A). CoracHo pesyibra-
TaM aHallu3a JIMTEPaTypHbIX JAaHHBIX, MOX0XKHE TOJICPKUBAIOIINE CTPYKTYpHI (Sustaining
structures) BBISBICHBI TaKke Y HeMaroabl Procamallanus (Spirocamallanus) halitrophus
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(Nematoda: Camallanidae) (Cardenas et al., 2005). ITo maHHBIM aBTOpOB, MTOJAEPKUBAIO-
IIFe CTPYKTYPbl HMEIOT OKPYIIIYIO Win ymiuHeHHYI (opmy (Cardenas et al., 2005). Otu
)K€ CTPYKTYpPbI, KOTOpbIE Ha3bIBAIOTCS «PACIIOPKAMM» M KOTOPBIE COSIUHSIOT BHYTPEHHIOK
KOPY C BOJIOKHHCTBIM CJIO€M, IIPUCYTCTBYIOT B IpoMexyTodHoM ciioe C. elegans. ABTOpEI
CUHTAIOT, YTO OHH CIIOCOOCTBYET PaBHOMEPHOMY paclpeliesieHnto ciil B KyTukyie (Peixoto
et al., 1997). Dtu cTpyKTyphl BIIEpBbIC BBISIBICHBI y Hematon cemeiictBa Heterakidae.

MukpoMopoornyeckie 0COOCHHOCTH CTPOCHHS THIOAEPMBI HEMaTo]| CeMeHCcTBa
Heterakidae u3yuens! cnabo. MMeercs nuIIb HECKOJIBKO palOT, MOCBSIIIEHHBIX ITOH Teme
(borosiBnenckuii, 1973; Mehlhorn, Harder, 1997; Hacupos u ap., 2008). B nutepatype
OTMEUaeTCs, YTO MEXy 0a3albHBIM CIOEM KyTHKYIBl H MEMOpaHOH THIIOAEpPMBI IIPOCIie-
XKHBaroTcs noiyaecMmocomsl (Bird, Bird, 1991). Ota xe nndopmanus Obiia moaTBepxkieHa
B pabote npyrux aBtopoB (Neuhaus et al., 1996). MbI Toxxe HAOIOMANHA 3TH CTPYKTYPBI
y Hemaronbsl H. dispar Ha OONBIINX yBETMYEHHUSIX SIEKTPOHHOTO MUKpockoma (puc. 3E).
Hmerorcst Taxoke JUTEpaTypHbIE CBEACHHS O PACIIOIOKEHUH sAEp B JIATEPAJIbHBIX BaJIMKaX
(Frantova et al., 2005). B aqpyrux MCTOYHHMKax MMEIOTCSI CBEACHHUSI O HAIUYUU OJHOTO-
JBYX KPYIHBIX FITH K€ HECKONBKMX MenkuXx siaep (y Hemarons! H. gallinarum) B rumonep-
MaspHBIX Banukax (borosienckuii, 1973). ComracHo pesyibsraraM HallUX HCCIEIO0BaHUM,
y Hemaroabl H. dispar B KaxJ0oM OOKOBOM JaTepajibHOM BaJHMKE HAXOJUTCS 1O JBa siapa
(puc. 3F). Lurommma3zmarudeckue Tenbia (puc. 44, 4B), oOHapyKeHHBIE B TUIIOACPME He-
Maronsl H. dispar, IpenCcTaBIsIOT COOOH TEeMHBIE IIapOBHIHBIC OEIKOBBIE 00pa30BaHMS
pa3nuuHbIX pa3MepoB. 10 JaHHBIM HEKOTOPBIX aBTOPOB, 3TH 00pa30BaHUs (OPMHUPYIOTCS
B pe3yibTaTe dKCIPEcCHH peKoMOMHaHTHRIX OenkoB (Cardenas et al., 2005). Panee 6en-
KM IIMTOIUIA3MAaTHYECKHUX Tellell OOHAPYKEHBI B KIIETKaX HEHPOHOB, pa3JIMUHBIX TKAHEBBIX
KJIETKaX, U B TOM YKCJIC B DPUTPOIUTAX, OaKTepusiX, BUpycax u pacteHusx (Singhvi, Panda,
2022; Hashemzadeh et al., 2021). [lutommasmarudeckue Tedblla OBITH OOHAPYKEHBI U
y renbMuHTOB P. (S.) halitrophus, otaocsimerocst k cemeiictsy Camallanidae, u Ascaridia
suum, OTHOCSIIErocs kK cemeiictBy Ascaridiidae. [{uToriasmarinyeckue Teabila OTMEUAIIHCh
B JIaTepaJbHBIX BAJIUKAX, B T.4. cpear (GUOPUIUI, B IUTOILIA3ME MBILIICYHBIX KIETOK MbI-
LIEYHOTO CJIOSl, BOKPYT 9HOIJIa3MaTHUECKUX CeTell M MUKPOTPYyOOYeK KUIIEUHOH KIICTKH
(Cardenas et al., 2005). MbI He Hanu cBelleHUH 00 OTpOCTKaxX 0azanbHONW MeMOpaHbl Ha
IpaHHLe KyTUKYJIbl M THIIONEPMBI y IPYTUX BHUIOB HEMATOH, NPUHAUICHKAIINX K CEMEHCTBY
Heterakidae (puc. 44 u 4B). Ho uMeroTcst JaHHBIC O HAXOXKICHUHM ITHX K€ OTPOCTKOB
y Hemaronsl Wuchereria bancrofti, xotopas otHocutcst K cemeiictBy Onchocercidae u ma-
pasutupyet y denoBeka (Oliveira-Menezes et al., 2010). ITo Hamemy MHEHHIO, Takas Ha-
MIpaBJIeHHOCTh 0a3anbHOW MeMOpaHBI B CTOPOHY THITOJIEPMBI BO MHOTO pa3 yBEIHYHBACT
TUIONIAb KOHTAKTa KYTHKYJIbI C TUTIONEPMOM M MPHUIAET UM IPOYHOCTb.

Hamu oOHapyxeHO, 4TO Yepe3 LEHTPAIbHYIO YacTh KayKIOTO M3 JIaTepaibHBIX BAJIHMKOB
TUITOJIEPMBI T'eJIbBMUHTA MTPOXOANUT AKCKPETOPHBIM KaHai. EcTh moppoOHble cBeneHus 00
YIBTPAacTPyKTYPHOM CTPOSHHH BBIBOJHBIX KaHanoB Hemaron Cystidicoloides ephemeridarum,
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Trichostrongylus colubriformis, Haemonchus placei, Nematodirus battus (Frantova,
Moravec, 2003; Smith, Harness, 1972; Martin, Lee, 1983). UmeroTcst Takxke KpaTkue cBe-
JIeHUs1 00 YIBTPACTPYKTYpEe SKCKPETOPHBIX KaHAJIOB HeMaTonsl H. spumosa, oTHOCsIeHCs
k cemerictBy Heterakidae (Mehlhorn, Harder, 1997). Ananmu3 coOCTBEHHBIX W JHUTEPATyp-
HBIX JTAHHBIX TOKa3aj, 9YT0 MOP(POMETPUICCKHE TIOKA3aTeIIN BEIBOJHOIO KaHajla HEMATOIbI
Buia H. dispar cOOTBETCTBYIOT TaKOBBIM HeMarojbl Buaa H. spumosa, HO MEHbIIE, YeM
y ApyTux uccienoBaHHbIX BUIOB (C. ephemeridarum, T. colubriformis, H. placei, N. battus),
OTHOCSIIUXCS K APYTUM CEMEHCTBaM.

VYnbTpacTpyKTypHOE CTPOCHHE HEPBHBIX CTBOJIOB, HAaXOASIIUXCS B JOPCAIBHOM H
BEHTPAJFHOM THIOACPMAbHBIX BaIHKaxX, paHee mzydeHo y Hemaron C. ephemeridarum,
P halitrophus, T. colubriformis w H. placei (Smith, Harness, 1972; Frantova, Moravec,
2003; Cardenas et al., 2005), a Takke y HeMaronsl H. spumosa, OTHOCAIICHCS K CeMEii-
ctBy Heterakidae (Mehlhorn, Harder, 1997). Hamm manHBIC O CTPYKType HEPBHBIX CTBOJIOB
H. dispar cooTBEeTCTBYIOT paHee MOIyYCHHBIM JAHHBIM.

HccenenoBanus 1mokasanu, 4To MblleyHasi cucreMa H. dispar COCTOMT U3 COMAaTHYECKUX
MBIIIEYHBIX KIETOK. [10 JTaHHBIM HEKOTOPBIX aBTOPOB, MEXKITY THITOICPMOI W MBIIICTHBIMHI
KJIeTKaMH uMeeTcs 0asaibHas rutacTuHKa (basal lamina) (Cardenas et al., 2005). B To xe
BpeMsl B paboTax Jpyrux McCiepoBareneil coodaeTcs o HallMuiK B 3TOM obnact 0a3alib-
HOM MemOpans! (Bird, Bird, 1991; Lecroisey et al., 2007). MbI cunTaem, 9T0 y HEMaTOIBI
H. dispar mexny rumnonepMoil 1 MyCKYJIbHBIM CIIOEM pacnosiaraercsi 6azanpHas MeMOpaHa.
OOBIYHO MBIIICYHBIC KICTKH OOJBINMHCTBA BUIOB HEMATOJ[ COCTOST U3 TPEX 4YacTedl — co-
KpaTHMOH, MIa3MaTHIeCKON M MBIIIEYHBIX OTPOCTKOB. MIMeroTcs maHHBIE 00 OTCYTCTBHU
OTPOCTKOB y HEKOTOpPBIX BUaoB Hematon (borosienerckwii, 1973; Cennbeim u np., 2020;
P3aeB u ap., 2020). Cpeau Hemaron, npuHaIeKammx K cemerictBy Heterakidae, orpoctku
nmetor H. gallinarum v H. spumosa (Mehlhorn, Harder, 1997; Borosenenckuit, 1973).
Hamu taxke ObUIM OOHApPYKEHBI OTPOCTKH MBIIICYHBIX KJICTOK Y HemaTtonsl H. dispar. AHa-
nu3 nuteparypHbix (borosiienckuit, 1973; Mehlhorn, Harder, 1997) u coOCTBeHHBIX IaH-
HBIX TOKa3aJjl, YTO BCE MCCIIEOBAHHbBIE BHIbI HEMATO/, BXOAsAIIHE B cemelictBo Heterakidae,
B TOM 4HCJIe U HeMarona H. dispar, IMEIOT TOJMMHAPHBIA TUI MBIIICYHOTO CIIOS.

BBIBO/IbI

YcTaHOBNICHO, UTO KyTHKYJa HeMaTonbl H. dispar cOCTOUT M3 BOCEMH clIoeB. [ oMoreH-
HBII CJION B JIATEPaJbHBIX KPBUIBSX, KaK y CAMIIOB, TaK M y CAaMOK COCTOMT M3 JABYX YacTeH
U 3HAYUTEJIBHO TOJIIE JIPYTHX ClIoeB. B oTinume oT camok, y camioB (opma KyTHKYIIbI Ha
TIepeIHeH JacTh Tena TajKasi, B CpeIHEH JacTH 3aMETHBI yIIyOJICHUs, PacloIOKeHHbIC
Ha OJIMHAKOBOM DPACCTOSHUM OJHO OT JPYrOro ¥ HampapieHHbIC BHYTPH (0 TOMOT€HHOTO
CII0s1) KyTHKyNbl. B 3agHell yacTu Tena KyTukyna umeer (opMmy BOJHBL. B GazanbHOM ciioe
KYTHKYJBI BBIABICHBI TPYOKOOOPA3HBIE CTPYKTYPBI, KOTOPHIE COCTOST M3 TUIOTHBIX (GHOPHILT
U MHUKPOTPYOOUYEK M KOTOpBIC paHee He ObUIM OOHAapY)KEHBI Yy M3yUCHHBIX BHJIOB CEMEH-
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ctBa Heterakidae. JlopcanpHbIi THIIOAEpPMATBHBIN BATMK HEMATOIBI KPYITHEE BEHTPAIBHOTO,
a JarepallbHBIC TTOYTH B JIBa pa3a OOJBIIE BBHIIICYIOMSHYTHIX. BBISBICHBI YIBTPACTPYK-
TypHBIE 0COOEHHOCTH IKCKPETOPHOTO KaHalla, PacloIOKEHHOTO B IEHTpE JaTepasibHbIX
BaJMKOB. HepBHAA cucTeMa relbMHUHTa OPTOTOHANBHAS, COCTOUT W3 Y3J0BaTOTO KOJbIA U
HEPBHBIX CTBOJIOB. BEHTpaNbHEIA CTBOJ MO TOJIIMHE OOJBINE, YeM CIHHHOW. MBIIICUHBINH
cioit Hematonbl H. dispar OTHOCUTCS K MOJUMHAPHOMY THILY, YHCJIO MBIIICUYHBIX KJIETOK

KosreoireTest oT 17 10 26 B 3aBHCHUMOCTH OT IT0JIa M YaCTH TeJla TEIbMHUHTA.
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ULTRASTRUCTURAL FEATURES OF THE BODY WALL OF THE HELMINTH
HETERAKIS DISPAR (SCHRANK, 1790) (NEMATODA, HETERAKIDAE)

F. H. Rzayev
Keywords: nematodes, Heferakis dispar, cuticle, hypodermis, muscle layer; ultrastruc-
ture, transmission electron microscope
SUMMARY

The structure of the body wall (cuticle, hypoderm, and muscle layer) of the nematode Heterakis
dispar (Schrank, 1790) from the family Heterakidae was studied using light and electron microscopy
methods and compared with other species of the same family. The cuticle of the adult nematode
H. dispar consists of 8 layers: 1 — an outer membrane layer or epicuticle; 2, 3 — outer and inner

cortical layers; 4, 5 — outer and inner homogeneous or middle layers; 6, 7 — outer and inner fibrous
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or fibrillar layers; 8 — basement membrane. The cortical, homogeneous and fibrillary layers constitute
12.4, 45.3 and 42.3% of the all cuticle, respectively. The homogeneous layer of the cuticle in the
lateral ridges in both male and female and near the bursa of the male is several times as thick as
other parts of the helminth cuticle. Unlike other species of the family, males of H. dispar possess
3 different forms of cuticular structure in different parts of the body. In the basal layer of the cu-
ticle, sustaining structures consisting of dense fibrils and microtubules were found, which were not
previously noted in other species of the family. It is likely that they provide strength to the body
wall of the helminth. In the hypodermis of the nematode, dorsal, ventral, and 2 lateral ridges are
traced, the lateral ridges being twice as large as others. Ultrastructural features of the excretory
channels and nerve cords located in the hypodermal ridges, were also revealed. The nervous system
of the helminth is orthogonal. The ventral nerve cord is wider than the dorsal one. Muscle layer is
of the polymyar type, number of muscle cells arranged in groups varies from 17 to 26, depending
on the sex and body part of the helminth.
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IIpencTaBiensl pe3ynbTaThl M3yUYeHHs MOJIEKYJIIPHOM XapaKTEPUCTUKHU Mapa3sUTHYECKUX JICHTOU-
HBIX uepBell Echinococcus canadensis. I'enbMUHTBI OBl OOHapy>KeHbI NP BCKphITUH Bonka (Ca-
nis lupus Linnaeus, 1758), no6pitoro oxornukamu B Kuposckoit obmactu B 2021 . MonexynspHo-
¢uoreHeTH4YEeCKOe MCCIEOBAHUE MPOBOAMIH IyTeM aHAIHM3a IOCIEJOBATEIbHOCTH (parMeHTa
MepBOH CyOBENMHHIIBI MUTOXOHIPHATBHOTO TeHa nuToxpomokcuaassl (Coxl). YeranoBunm, 4to 00-
Hapy>XEHHBIC XMHOKOKKH OTHOCATCA Kk reHotury G10 E. canadensis, 0OBIYHOMY IJISI BOJKOB Ha
ceBepHBIX TeppuTopusx [omapkruku. OOHAPYKEHBI YETHIPE TO3UIUH, 110 KOTOPHIM BBISBIIIOTCS Xa-
paKTepHbIE TOJNBKO JJISl 3TOrO TeHOTHNA 3aMeHbl. OOHapyKeHa TakXKe 3aMeHa 0 OHON U3 MO3UIHNH,
KOTOpast XapakTepHa HCKIIOUUTENILHO JUlsl IpencraButerneil renoruna G10, odHapyxeHHbIX B Poccun
1 OUHISHIANH.

KuroueBble cjioBa: 3XUHOKOKK, Echinococcus canadensis, G10, Bonk, KupoBckast 06nactb

DOI: 10.31857/S0031184723010039; EDN: FICPFX

IMapasutnueckue jenTounsie yepsu poxa Echinococcus Rudolphi, 1801 usBecTHbI ue-
JIOBEYECTBY emmie co BpeMeH [mnmokpara, Aperes u ['anena (Beaver et al., 1984). Onnako
naxe B XXI CTONCTHH B M3YYECHHH XHMHOKOKKOB OCTA€TCSI MHOTO HEPELICHHBIX BOIPO-
coB. Hanpumep, Bce erie HET MOJHOTO NMOHUMAaHUS M €IMHCTBA MHEHHH OTHOCUTEIHHO
CHCTEeMaTH4YeCKOTO TIOJIOXKEHHS BHIOB 3TOr0 pofa. V3BeCcTeH CHHCOK M3 AEBSTH BaJIUA-
HBIX BHUJOB, BKiouast E. granulosus s. str., E. canadensis (on xe — E. g. canadensis win
E. g. borealis), a Taoke reHoTHIbl E. canadensis — G6/G7, G8 u G10. T.e. E. canadensis,
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C OIHOM CTOPOHBI, BXOMUT B Tpynmy E. granulosus s. lato, a ¢ apyroit — mompasaenseTcs
Ha TCHETHYCCKU Pa3IM4YHbIe CyOBbeIUHHIBI. BaxkHo, 4yTO TeHOoTHNB! E. canadensis AMEIOT
HEKOTOPBIC Pa3IMyKs 10 00JaCTSIM PacpOCTPaHECHUsI, IePUHUTUBHBIM M TIPOMEKYTOUHBIM
xo3sieBaM (Nakao et al., 2013a, 2013b). bei1o BBICKa3aHO MPEIOKEHIE 3aKPEUTh BUIOBOE
Ha3Bauue E. canadensis 3a renorunom G10, renorun G6/G7 HaswiBath E. intermedius,
a G8 — E. borealis (Lymbery et al., 2015). B 310ii cBs3u H0/KHA OBITH HCIOIB30BAHA
M00ast BOSMOKHOCTB PACIIMPHUTH HAIIW MPEICTABICHIS O MOJIEKYIISIPHBIX XapaKTEPUCTHKAX
AXUHOKOKKOB.

MATEPHAJI U METOJJUKA

OT160p npod

10.10.2021 Ha rpanune Ceeunnckoro u Jlaposckoro paiioHoB Kuposckoii odnactu (58°65'13.4 N,
47°69'88.2 E) oxotHuku n00butH Bosika (Canis lupus Linnaeus, 1758). B TOHKOM OTIeNe KUIICUHHKA
ObLTH OOHAPYIKEHBI IECTO/BI [[BETA CIIOHOBOM KOCTH UTMHON 3—6 MM. METO0M MHOTOKPATHOTO TPO-
mbiBanus (Ckpsoun, 1928; MBamkus u ap., 1971) ux U3BICKIN U NPOU3BENN MOACYET MO CKOJIEKCaM
(2920 3K3.). MopdomeTprueckre XapaKTepUCTHKH COOPAHHBIX LIECTOJ COOTBETCTBYIOT AMArHO3y BHAA
E. granulosus (IlerpoB, YeptkoBa, 1959 mo: Abynanze, 1964). DXUHOKOKKOB IOMECTHJIH B TUIACTHUKO-
BYIO TIPOOUPKY, KOTOPYIO HANOTHUIN JUCTUIIMPOBAHHON BOAOH M 3aMOPO3MIM AN MOCIECTYIOIIETO
XPaHEHUS! U TPAHCIIOPTHPOBKH.

MouJiekyJisipHO-(prI0reHeTHYeCKOe HecIeJ0OBaHue

@parMeHTs! CTPOOUITBI TPEX SXMHOKOKKOB TPIDK/BI OTIOIOCHYIH B CTEPUIIBHOM BOJE, pa3/IeIiiIn
Ha vactu (pasmepom He Gosee 1-2 mMm®) w0 momecTriM B npobupku DmreHaopda odbemom 1.5 MiL.
Beinenenne JIHK npoBoammu ¢ momorisio kooHoK 13 Habopa Wizard Genomic DNA Purification Kit
(Promega, CIIIA) B COOTBETCTBHH C IIPOTOKOJIOM Tpon3BoAUTENs. OT BBIIEICHHBIX IPOO SXMHOKOKKOB
ucnoib3oBanu ot 1.0 o 1.6 mxn skcrparupoBannoit JIHK st nposenenust nonuMepasHon HEnmHON
peaxnun (ITLP). TakcoHOMUYECKYHO TPUHAUICKHOCTD [IECTO/ YCTAHABIMBAIN MYTEM aHaJIH3a I0-
CJIE/IOBATENILHOCTH (hparMeHTa MepBoii CyObeIMHUIEI MUTOXOHAPHAILHOTO I'eHa [IUTOXPOMOKCH/1a3bI
(CoxI). Hust atoro ocymiectisiiin nmoctaHoBky [P ¢ momomsto mpaiimepo Thgd52 (TGCATT-
TAGCTGGTGCGTCAAGTA) n Thgl1326R (ACAAACACGCCGGGGTAACC) 1 COOTBETCTBYIOLIETO
npotokona (Littlewood et al., 2008) na anmingukarope T100 Thermal Cycler (Bio-Rad, CILIA). [lns
BH3YyalbHOH OIEHKM aMIUTM(UKAIIMN TPHOETann K 31eKTpo(opeTnieckoMy pas3ielieHuI0 MPOayKTa
[P B 1%-HOM arapo3zHoMm rene B TedeHune 30 mun npu Hanpspkenun 100 B B cucteme ams anexrpo-
¢dopesza Mini-Sub Cell GT + PowerPac Basic (Bio-Rad, CIIIA) ¢ mocieayromuM mpocMOTPOM Telist
B TpancmuntoMuHatope EXC-F15.M (Vilber Lourmat, I'epmanus). [TomyduB mpomyKT 0XKHIAEMOTO
pa3Mepa (4TO OIpeNessUl Ha OCHOBAHMH OPUTMHAJBHBIX IMyONMKAaUi MM COOCTBEHHOIO Ipeje-
CTBYIOIIIETO OITBITA), OL[EHHMBAJIN €ro KOJIMIECTBO. B cirydyae momydeHus umb cnabbIx MOJIOC MPOIyKTa
MIPOBOAMIINA JIONOJHUTEIbHYIO aMIUIM(pHUKannio. JlocTaTouHoe KOINYeCTBO MPOXyKTa 00beANHSIIN
B ofHy npoOy u npoBoamiu ee oducTKy B 0.8% arapo3HOM rese ¢ IOMOLIBIO MPOIOJDKUTEIBHOTO
(70-90 muH) snextpodopesa. [lomocy ¢ HyKHBIM pa3MepOM MPOAYKTA BBIPE3AIN W3 Telisl TUIACTH-
KOBBIM HOXKOM. 3 BbIpe3aHHOro ¢parmenra reis ¢ ammunduiuposantoit JJHK Beiaensiin npoaykr
TP ¢ nomomursto Hatopa SV Gel and PCR Clean-Up (Promega, CIIIA). OuniiieHHbIi ¢ TOMOIIBIO
9TUX KOJOHOK MPOIYKT MOJBEPraiy AOMOITHUTEIHON OYUCTKE C MOMOIIBIO MPEHHUITHTAINN CIIUPTOM
B MPUCYTCTBHM arietata aMMOHHs. OUUILEHHBIH 0CaJ0K Pa3BOIMIN B ABTOKIABUPOBAHHOH BOJE BBI-
coxoil ounctku — Molecular Grade Water (G-Biosciences, CILIA). KonndectBo mo0apisieMoil BOIBI
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MeHs oT 10 10 40 MKJI, B 3aBHCUMOCTH OT BBIPQKEHHOCTH MOJIOC B renie. C MOMOIIBIO CIIEKTPO-
¢oromerpa NanoDrop 2000 (Thermo Fisher Scientific, CILIA) onpexnensumn kornenTpanuto JTHK
B nosryueHHOU 1mpobe. [IpoOwr ¢ Beicokoil koHIeHTpauueir JHK pasBomuian n0 KOHICHTpALHH
15-30 ur na 1 mxi. B nanbreiimem Ha 6Ga3e IeHTpa KOJJIEKTHBHOrO moss3oBaHust «lenorex» (Mu-
CTUTYT MOJIeKyJsipHOH Ouonornu PAH) mpoBoammm mpsiMoe cekBeHHpOBaHUE (T.€. CEKBEHHPOBaHUE
C TEMH JKe IIpaiiMepaMH, KOTOpble OBLIN MCHOJIB30BAHEI JyIs Hoiy4deHus repsudnoro [P npoxykra).

INomyuyennsle xpomarorpamMmMsl B opmare abl a1t mpssMoro u 0O6paTHOTO IPOUTEHUH 00BeMHS-
JM W aHAJM3UPOBAIH ¢ moMolibio nporpammbsl Chromas 2.6.6 (Technelisium Pty Ltd, Ascrpanus).
B I'enbanke (GenBank NCBI) npoBoxmiy nouck GuioreHeTHYeckd OJIM3KUX MOCIIEI0BaTeIIbHOCTEH
¢ nomopio anroputMa BLASTN 2.13.0+ (Zhang et al., 2000; Morgulis et al., 2008). B kadectse
BHEIIHEH TPYMIBl CPAaBHEHHS BBIOMPAIN MPEACTABUTENS APYTOro ceMeiicTBa, poaa WIIH IPYIIbI BUIOB.
CoGcTBenHbIe U nomyueHHble U3 [enbanka 1aHHBIE NCTIONB30BaNM I TTOCTPOCHUS BBRIPABHUBAHMI
B niporpamme Clustal X (UCD, Upnaumust). [Tomyuennsie BelpaBHUBaHUS B opmare aln nepeBoamin
B popmar msf a1 06padbotku B mporpamme GeneDoc 2.6.002 — ynaneHHs: HECOBITQAAIOIINX 0 UTHHE
YacTell ImocienoBaTenbHOCTel (HE0OXOIMMOCTE ITOTO ONpenensercs: TeM, urto B I'enbanke nenonu-
POBaHBI MOCJICIOBATEIBHOCTH Pa3HOM UIHHED). [TorydeHHyI0 IpsSMOYTOJIBHYIO MaTpPHUIly C JQHHBIMH
anamm3upoBasmu B nporpamme MEGA 7.0.14 (Kumar et al., 2016). Mcnonb30Banu Tpu OCHOBHBIX
ITOpUTMa aHaiumu3a: 1) MakCHMaJIbHOM SKoHOMHH (maximum parsimony, MP); 2) npucoeanHeHust
omwkaiimero cocena (neighbor-joining, NJ); 3) MakcumanbsHoro npasgononodus (maximum likelihood,
ML). Jlyist mociienHero BapraHTa aHajanu3a ONMpenesisuld Hanbosee mpaBaonoa00Hy0 MOJICIb SBOFOIIMN
¢ moMoluIsio BeTpoeHHol noxnporpammsl B MEGA7.0.14. Koneunas [yinHa BbIpaBHUBAHUA IO TEHY
CoxI cocraBmia 539 m.H. 11 Bcex MOCIEI0BATEIbHOCTEH.

Bayuepnsrit o6pazen (Ne 14308), comepsxammit 10 ocobeii sxuHOKoKKa B 80% »TaHONE, MEepenann
Ha XpaHeHue B My3eil renpMuHTONOrMUecKuX Koutekuuil Llentpa Ilapasuronorun ®I'BYH «Muctu-
TyT mpobnem skonorun u sBomonun uM. A.H. CeBepuosa Poccuiickoli akamemun Hayk» (Mocksa).
Brigenennass HyKJI€OTHIHAS TTOCIEIO0BATEIbHOCTE AcnonnpoBana B [enbank NCBI nox HomMepom
OP897742.

PE3VJIbTATBI U OBCYXJEHUE

OUIOreHeTHYECKUI aHAT3 U3YYCHHBIX 00PA3I[0B 3XMHOKOKKOB TPEICTABICH Ha pHC. 1.
[Mosy4eHHble HAMH HYKJICOTHJHBIE TOCenoBaresibHoCTH reHa COXI MMarnHaibHBIX dXH-
HOKOKKOB OT Boyika U3 KupoBckoit oOmactu okazamuck Ha 100% WICHTUYHBI TAKOBBIM:
1) U3 JTUYKMHOK IXMHOKKOB OT Jjiocs (Alces alces) n3 Poccun, nenoHupoBaHHBIX Yanagida,
Chinchuluun n Nakao (2017) mox sHomepom LC184605 (Yanagida et al., 2017); 2) u3
JUYAHOK YXWHOKOKKOB OT ceBepHOro oyieHs (Rangifer tarandus) w3 Poccun, menoHupo-
BaHHBIX Yanagida u Nakao (2013) mox Homepom AB777913 (Konyaev et al., 2013); 3) ot
B3pPOCIIBIX 3XWHOKOKKOB OT Boyika m3 Poccmm, nenmonmpoBanHbIX Yanagida m Nakao (2013)
o, HomepoM AB777912 (Konyaev et al., 2013); 4) U3 THYHHOK SXHHOKOKKOB OT JIOCS U3
Poccun, nenonupoBanHbix Yanagida u Nakao (2013) moxg Homepom AB777911 (Konyaev
et al., 2013); 5) U3 TMYMHOK SXWHOKOKKOB OT Jiocs n3 OUHISHANN, AeNOHUPOBaHHBIX Nakao
(2013) mox HOMepom AB745463 (Nakao et al., 2013a, 2013b).

W3yueHHblii HaMu o0Opasell momnagact B rpymiy ((pUIOreHeTHYEeCKy0 Kiaay) GopMm co
CPeIHNM YPOBHEM MOMJEPKKU MPH aHAJIH3E METOIOM MaKCHMasbHOW skoHOMHU (MP) m
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Pucynok 1. ®unorenerndeckne CBs3u 00paslia MojoBo3pesioro Echinococcus canadensis,
BBIIBIICHHOTO Yy Bonka (Canis lupus) B KupoBckoit o0macTu, mo pe3ynsraTaM aHajdn3a YacTHYHON
MOCIIE0BATEIbHOCTH MUTOXOHIPUAIBHOTO T'eHa IIUTOXPOMOKCHAA3HI I.

3naueHus bootstrap-nmogaepxku gansl B popmare MP/NJ/ML (ecnu nanHas GuiioreHeTHYECKast
KJIaJa IpH JaHHOM BHE aHAIN3a HE BBIABISIETCS, 3TO OTMEUYEHO 3HAKOM «-»).

Jnsa ML-ananu3a ucnons3zoBasin mozens HKY. Jlns Bcex BuaOB aHayin3a Ui ONpeneieHus
3HaUCHHA bootstrap-moaiepKKH MpuMeHsIn aHanu3 npu 500 mceBao-moBTopax.

Figure 1. Phylogenetic relationships of a sample of adult Echinococcus canadensis,

found in a wolf (Canis lupus) in the Kirov Region, according to the results of analysis

of a partial sequence of the mitochondrial cytochrome ¢ oxidase subunit I gene.

Bootstrap support values are given in MP/NJ/ML format (noted with “- if this phylogenetic

clade is not detected in this type of analysis).

Maximum Likelihood (ML) method was used according HKY model with 500 bootstrap replicates.
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npucoenuHeHns ommkaitmero cocena (NJ). Ilpu aHann3e MEeTomoM MakCHMAaIbHOTO TPaB-
norogodus (ML) ata rpynma ne BeisgBisiercs. [Ipn Bcex Tpex Merogax aHayn3a camylo
BBICOKYIO MOIepKKy (99-100%) mokaspiBaeT rpyria, oObeJUHSIONIas], KaKk HaM IpeJCTaB-
JSETCsl, UCKIIIOYUTEIBHO n3ydeHHbIe (hopMel E. canadensis renotuna G10. BusyansHbIi
aHaJIM3 TOJYYECHHOTO BBHIPABHUBAHUS IO3BOJMI OOHAPYKUTH YETHIPE MO3HMIUH, 10 KOTO-
PBIM BBISIBIISIIOTCSI XapaKTEPHbIE TOJIBKO YISl TOTO 'eHOTHIIA 3aMeHbI. [IprMeuaresbHo, 4To
B BBIPABHMBAHUM MOKHO OOHApYKUTh M 3aMEHY 110 OHOH M3 IO3WIHI, KOTOpas XapaKTepHa
WCKITIOUUTENBHO /st ipencraButened renoruna G10, oOHapyxennsix B Poccnn n B ®un-
astuaun (Nakao et al., 2013a, 2013b). Cam no cede renotun G10 npuypodeH K CeBEpHbIM
TEPPUTOPHUSIM U TaKUM JE(PUHUTHBHBIM XO351€BaM, KaK BOJIKH M COOAKH.

Hecmorpst Ha Hepa3pelIeHHBIH BONPOC O TAKCOHOMHUYECKOM cTaryce E. canadensis,
B)XHO IMOHMUMATh, YTO MCCIIEIOBAaHHbIE HAMU 3XMHOKOKKH HE OTHOCSATCS K BUAY E. mul-
tilocularis (cun. Alveococcus multilocularis (Leukart, 1863) Abuladse, 1960). Mb1 oco6o
MOJYEPKUBAEM 3TOT MOMEHT, ITOCKOJIbKY M3BECTHBI CIIydad CMENIAHHOW MHBA3MU AXHMHO-
KOKKOB pa3HbIX BUJIOB y BoJKOB (Schurer et al., 2014).

3AKJIIOYEHUE

Takum 00pa3oM, SXMHOKOKKH, OOHapy>KeHHBIE IIPH BCKPHITUH Bojka B KnupoBckoit 00-
nactu, oTHocsaTes K reHotuny G10 E. canadensis. A HyKJICOTUIAHAS MOCICIOBATSILHOCTh
reHa CoxI y u3y4ueHHbIX 00pa3ioB obnasaer yHukanbHoit it G10 3aMeHOi, 4TO MO3BOJISET
paccmarpuBarh ee Kak Ouoreorpaduieckuii Mapkep.
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MOLECULAR CHARACTERIZATION OF ECHINOCOCCUS CANADENSIS
(CESTODA, TAENIIDAE) IN WOLF FROM THE KIROV REGION

O. A. Loginova, S. E. Spiridonov, O. V. Maslennikova, L. A. Bukina

Keywords: Echinococcus canadensis, G10, wolf, Kirov region

SUMMARY

The molecular characteristics of parasitic tapeworms of the genus Echinococcus were studied.
Helminths were discovered during the autopsy of a wolf (Canis lupus Linnaeus, 1758), hunted in
the Kirov region in October of 2021. Molecular phylogenetic study was performed by analyzing the
sequence of a fragment of the mitochondrial cytochrome ¢ oxidase subunit 1 (COI) gene. It was found
that the obtained helminths belong to the G10 E. canadensis genotype, which is common in wolves
in the northern territories of the Holarctic. Four positions were found for which substitutions charac-
teristic only for this genotype are identified. A substitution was also found for one of the positions,
which is characteristic only for representatives of the G10 genotype found in Russia and Finland.
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Turantckue supa Terymenrta ckpebueit kiaccos Archiacanthocephala u Palaeacanthocephala dpar-
MEHTHPYIOTCSI Ha 3aBepLIaloleM dtarne (GOpMUPOBAHUS [HCTAKAHTA B MPOMEKYTOYHOM XO3SHHE, HO
B TEUCHME JaJbHEWIIEeH JKU3HU MapasuTa (GparMeHThl SAep MOTYT OCTaBaThCs CBS3aHHBIMU JPYT
¢ npyrom. Ilpenmonaraercs, 4to GpparMeHThl KaXKI0T0 TUTAHTCKOTO siApa 00pa3yloT CaMOCTOSTENbHYIO
ceTb. bronornueckuii cMpIC TAKOH KOHCTPYKLMH IPEINOIOKUTENBHO 3aKIIIOUAETCsl B PETYIISLIUM JKU3-
HECATCIBHOCTHA TETYMEHTA, 00BeEM KOTOPOT'O0 MHOTOKPATHO YBCINYMUBACTCA B IEPUOJ] NHTCHCUBHOTO
poOCTa napasura B ﬂe(bI/IHI/ITI/IBHOM XO35HHC.

KnaroueBble ciaoBa: akanTtonedansl, sapa TerymenTa, ¢pparmenramus suep, Corynosoma Stru-
mosum, Macracanthorhynchus catulinus

DOI: 10.31857/S0031184723010040; EDN: FIKZVU

TTokpoB cKpeOHEll, KaK U3BECTHO, MPEICTABIEH YHUKAIBHBIM MHOTOSIIEPHBIM 00pa3oBa-
HUEM — TEr'YMEHTOM, OPraHU30BaHHbBIM B BUJIC CUMILJIACTA, B OTIIMYUC OT CUHIUTHAJIBHOTO
TEryMEHTAa IUIOCKHUX MapasuTHYECKUX uepBeil. Bo BHYTpEHHEM, paanajibHO-BOJIOKHHUCTOM,
CIIOE TEryMEHTa PACIIONAararoTCs siipa Wik MX pou3BoaHble. KomudaecTBo u Mopdoiorus
TEr'YMEHTHBIX AAC€P BO MHOI'UX ClIydadX MOI'YT CYHICCTBCHHO pa3jinvdaTrbCsd KakK y IpEa-
cTaBUTeNEil PasHbIX TAKCOHOMHYECKUX TPYIII, TaK U y OJHOTO BHA HA MPOTSHKCHUH €ro
onrtorenesa (Van Cleave, 1914, 1928). V ckpebHeii knacca Eoacanthocephala mects (pexe
[SITh) THIAHTCKHX siep 0oJiee WM MEHee OKPYIJIONH (OpMbI COXPAHAIOTCS Ha MPOTSIKE-
HHH KU3HU OT SMOPHOHAJIBHOW JIMIMHKH JI0 B3pOCION ocobu. Y mpeicTaButeNeil Kiacca

Archiacanthocephala B mepuon pasBuTus mapasurta B MIPOMEXKXYTOUHOM XO3SIMHE spa CTa-
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HOBSITCS. aMEOOMIHBIMY, PA3BETBICHHBIMU WIH (parMEeHTHPOBAHHBIMY, M UX KOJIHYECTBO,
110 pa3HBIM JaHHBIM, MOXKET YBEJIMYHMBATHCS 1O ABAJLATH WIN Jake COTHH, TOTJA Kak
y Palaeacanthocephala siapa, Takxe 6e3 0Opa3oBaHus BepeTeHa JICICHUs, pPacia atoTCs Wik
(bparMeHTHPYIOTCSI HAa MHOXecTBO Hebompmmx ¢parmentos (Van Cleave, 1928; Meyer,
1933; Ilerpouenko, 1956, 1958; Robinson, 1973; Miller, Dunagan, 1985; Xoxsoga, 1986;
Jlucunpina, 2019; u gp.).

Emé panHue ucciaenoBaTeld OTMEYaId HAJMYUE CBS3CH MEXKAY OTHEIBHBIMH «slep-
HeiMu Teramuy (Graybill, 1902; Van Cleave, 1928), u no 3Toil npuuuHe sapa WHOIAA
HasbIBaJK «aeHApuTHBIMIY (Graybill, 1902). Ananusupys Mophonoruio saep y pasHbIx
BHJIOB CKpeOHEH M MMEIONIMECsS] Ha TOT MOMEHT JaHHbIe suteparypsl, Van Cleave (1928)
TIOYEPKHBAJI, YTO Y HEKOTOPBIX BHJOB MY SICPHBIMH (pparMEeHTaMH MOTYT COXPAHSATh-
cst Tonuaiime csizu: «In exceptional preparations of many of these forms it is possible
in some instances to trace minute thread-like strands of nuclear material uniting widely
dispersed nuclear bodies» (Van Cleave, 1928, p. 113). ToHkHe CBSI3U MEXIY SApaMH Tery-
MEHTa y MO3IHEeH akaHTe/mbl cKpeOHst Polymorphus minutus wHOTIA HAGTIONATIMCE B MPOIECCe
AIIEKTPOHHO-MHUKPOCKOTIMYeCKuX uccinenoBannit (Butterworth, 1969), ograxo dotorpadun
CBsi3el B 9TOH paboTe, Kak ¥ B APYTUX, YIOMSHYTBIX BBIIIE, OTCYTCTBYIOT. B GoNbIIMHCTBE
)K€ APYTUX UCCIEAOBAHUM MOJO0OHBIE CBSI3U HE OTMEUAIUCh.

W3ydas MOpQoIornio TeryMeHTa HEKOTOPBIX CKpeOHEeH, MBI OOHApYXWIH CBs3H (hpar-
MEHTOB sJIep JIpyT ¢ JIpyroM. B HacrosmeMm cooOIIeHUN NMPUBOISATCS PE3yIbTaThl dTHUX
HaOJIIOICHNU .

MATEPHAJI 1 METOJIJMKA

Marepuanom A7t UCCIEA0BaHUN MOCTYKWIN B3pocible ckpeOHu Macracanthorhynchus catulinus
Kostylew, 1927 (Archiacanthocephala) u roBenmisHbIe ckpeOHE Corynosoma strumosum (Rudolphi,
1802) Liihe, 1904 (Palaecacanthocephala). )XuzHennstit ik M. catulinus BKIFO9aeT 00s3aTEIBHBIX
MIPOMEXXYTOUHOTO (YEPHOTEIKH) U OKOHYATEIFHOTO (XHIIHBIE MIIEKOITUTAIONINE) X035€B, a TaKkKe
NapaTeHU4eCcKoro Xo3suHa (Menkue miekonuraromume). XKusnennsii nukn C. strumosum TakxKe TPHK-
CEHHBII M BKIJIIOYaeT OOKOIIABOB B KaueCTBE IMPOMEKYTOYHOTO, MOPCKHX M NPECHOBOAHBIX PBIO
B Ka4yeCTBE MapaTeHNYeCcKOro U MOPCKUX MIIEKOMHMTAIOUIMX U PHIOOSIHBIX NTHI B Ka4eCTBE OKOHYA-
TenpHOTO X035eB (IleTpouenko, 1958).

Ckpebneit M. catulinus W3BIEKaNy U3 KUIICYHHKA OKOHYATEIBHOTO XO3iWHA — OOBIKHOBEHHOM
mucuns! (Vulpes vulpes) u ipenapupoBaii 0 OOIIETPUHSTON METOMKE C 3aKII0OYEHHEM HX B THCTO-
Mmukce. Cpessl H3roToBIIM Ha MuKpoToMe Sakura Accu-Cut® SRM™ 200 (SImoHwust), oxpaniuBain
TeMaTOKCIIINH-303HHOM U M3y4ain B cBeToBOM MuKpockore Nikon CI-S (Smonwus).

Ckpebueit C. strumosum W3BIEKAIH U3 IMOJOCTH Teja NapaTeHHYECKUX XO35IeB — THUXOOKe-
anckoil HaBaru (Eleginus gracilis) u THXOOKeaHCKo# 3ybacToil kopromiku (Osmerus mordax den-
tex), GpuxcupoBanu B 2%-HoM rnytapanbiernae Ha 0.1 M docdarnom Oydepe, nocrpuxcupopanu
1%-nb1M TeTpaokcnaoMm ocmus Ha 0.2 M ¢docdaraom Oydepe, 00e3B0XKMBaIN B CIIUPTAX BO3PACTAO-
ImIeil KOHIIEHTPAUK 1 3aKII0Yand B cMech Apananta u OnoHa. B mporecce 00e3BoXHUBaHIS 00pa3Ibl
KOHTpacTHpoBann 1%-HeIM ypaumianeratoM B 70%-HoMm crmpre B Tedenue 12 4. [lomyronkue cpe-
3bI M3TOTOBISUIN Ha yinbTpamukporomMe LKB-V (IlIBenns), okpammBamm cMeChl0 KPUCTAIINIECKOTO
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(hHOTETOBOTO U METHICHOBOTO CHHETO (B COOTHOWIEHHH 1:1), M3ydain B CBETOBBIX MHUKPOCKOMAX
buomen-2 (Poccuiickas @enepanns) u Olympus CX41 (Smonust) u dororpadupoBanu unppoBoii
kamepoir Olympus E-420. VYrnsrpaToHKHE cpe3bl H3TOTOBISUIA Ha yasrpamukporome PT-PC (CLLA),
JIOTOJIHUTEJIFHO KOHTPACTHPOBAIH ypaHMIAETAaTOM, IPOCMATPHBAIN B 3JIEKTPOHHOM MHKPOCKOIIE
JEM 1400 PLUS (Snonus) u dororpaduposanu mupposoi kamepoit Veleta.

PE3VYJIBTATBI U OBCYXJEHUE

TerymeHT ucclieZIoBaHHBIX CKpeOHel 000MX BUAOB YCTPOCH IO €IUHON CXeMe W Mpell-
CTaBJSIET COOOW CHMIIACT, CHAPYXKU U U3HYTPH OTPAaHUYCHHBIN ITUTOILTa3MATHICCKUMHU
MeMmOpaHamu. B cocraBe TerymMeHTa OIpeielisitoTesl MOKPOBHBIH KOMILIEKC U HOIEPEYHOIIO-
JocaThIi (TToI0CcaThIil), BE3UKYISPHBIH, BOHIOYHO-BOJIOKHUCTHIN (BOMIOUHBII), paguaasHO-
BOJIOKHHCTHIN (pagualbHBIA) U TPYOOUKOBHIH (0azanmpHbIN 1adupuHT) cion (Taraschewski,
2000; Hukwummun, 2004).

B pannanbHO-BOJOKHUCTOM ClIO€ TeryMeHTa cKpeOHst Macracanthorhynchus catulinus
oOHapy>KCHBI MHOTOUYHCIICHHBIC (parMeHTHI SAep Pa3HOOOpa3HOW, HENMpPaBUIBHON (OPMEI
¢ orpoctkamu (puc. 1). Hanmmune oTpOCTKOB 3aTpynHSIET ONpe/eieHne pa3MepoB ITHX
(hparMeHTOB, HO B OOJIBIIMHCTBE CIIy4acB OHM HE MPEBBIIIAIOT 60 MKM O OOJBIICH OCH.
Kapuormna3ma simep WHTCHCHBHO OKpalieHa M BKIIOYACT IJIOTHBIE 00pa30BaHMs Pa3sHOTO
pa3mepa, daiie BCero HalOMHMHAIOIIUE CKOIUICHHs reTepoxpoMarnHa. Haubosee kpymHble
U3 HHUX BCIEJCTBUE NPABUIBHOW OBaJbHOW WIJIM OKPYINIOW (DOPMBI CXOAHBI C SIPBIIIKAMU
¥ 9aCTO TIOJTHOCTHIO MJIM YaCTHYHO OKPY)KEHBI CBETIIBIMH Tallo.

OOBIYHO siiepHBbIe PparMeHThl YaCTHYHO WIIM, PEXeE, MOJTHOCTHIO PacloiaralTcs B ja-
KyHax TerymeHta. Ha cpesax JlakyHbl BBIISIISAT KaK CBETJIbIC YYACTKH [[UTOILIA3MbI, Orpa-
HUYCHHBIC HEUYCTKUMHU TOHKUMH (PHOPHILIONONOOHBIME JIEMEHTAMHU.

Cocennue siiepHble GpparMeHTHI CBSI3aHbI MEXLy COO0H TOHKMMH OoTpocTKamu. Kapuno-
Iia3Ma OTPOCTKOB T€MHasl, 0€3 3aMETHBIX BKIIFOYCHHH. DTH CBSI3H MEPECEKAIOT UTOILIA3MY
W JIaKyHBI, B KOTOPBIX YaCTUYHO WU TTOJHOCTBHIO TIOMEIIAIOTCS SIpa.

®parmenTs! suep terymenta C. strumosum, B OTIMYHE OT HaOmonaeMbIx y M. catulinus,
00BIYHO OoJiee KOMITAaKTHBIE, HETMPABUIBHO YITIOBaTOi (hopMbl, pasmepamu 10—15 MM (puc.
2, 3). TomoreHHas KapuoIIa3Ma BKIIIOYAaeT HECKOIBKO MEIKHX CKOTUICHHH T'eTepoXpoma-
THHA ¥ JIOBOJBHO YacTO OAHO SAPBINIKO AHaMeTpoM 1-3 MKkM. BonbmuHCTBO simepHBIX
(parMeHTOB XapakTepHu3yeTcss OTHOCUTEIBHO KOPOTKMMH KOHYCOBHHBIMU BhIpocTamMu. OT
BEIPOCTOB HAYMHAIOTCS HUTEBUAHBIC OTPOCTKH, BO MHOTHX CIyYasX CBS3BIBAIOIINC SACPHBIC
(bparMeHThI APYT C JPYTOM.

Jlakynsl B Terymente C. strumosum BU3yaJbHO HE CTOJIb MHOTOYHMCIICHHBI, KaK B TEry-
MeHTe M. catulinus, ¥ TAITH HEKOTOPEIC SApa YaCTUYHO pacrioyaraiorcs B HuX. 1o kpasm
JaKyH, KaKk M y [1epBOro BU/Ia, HAOIIOIAI0TCs HeYeTKHe pUOPHILIONON00HbIE 00pa30BaHHsI.

VY 000uX BHJIOB CBSI3M MEXy (parMeHTaMu sjep HaOIIoaliuch Ha Cpe3ax, OPUSHTHPO-
BaHHBIX TapaUICIbHO WM ITOYTH TapauIeIbHO TOBEPXHOCTH Tena ckpeOHer. Ha momeped-
HBIX Cpe3ax OHHM HE BBISBISLIMCH; BO3MOXKHO, MMEHHO IO ATOH NpPHUYMHE, a TaKKe BCIe[-

CTBHC UX MaJIOH TOJIITUHBI CBECACHUS 00 DTHX CBS3SX B JIATEPATYPEC HEMHOTOUYNCIICHHBI.
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Pucynok 1. ®parments! sigep (SI) B paauanbHO-BOJIOKHUCTOM CIIO€ TEyMEHTa CKPeOHs
Macracanthorhynchus catulinus. JI — nakynsl; 10 — OTpOCTKH, CBSI3BIBAIOIIUE SIICPHBIC
(bparmenTsr. CBeTOBas MUKPOCKOIHSI, THCTOMHUKCOBBII CpE3.

Figure 1. Fragments of nuclei () in the radial layer of the tegument
of the Macracanthorhynchus catulinus. JI — lacunae; 51O — processes that bind nuclear fragments.
Light microscopy, histomix section.

ComacHO naHHBIM OosbinHCTBA HccienoBateneit (Crook, Grundmann, 1964; Butter-
worth, 1969; Olson, Pratt, 1971; Robinson, 1973; Amin, 1982; Octinger, Nickol, 1982), ¢par-
MEHTANHWs S/Iep y Pa3HBIX BUIOB CKpeOHeH, oTHOCAmmXCs K Kiaccam Palaecacanthocephala
u Archiacanthocephala, nporcxoauT B nmepruoa ux pa3BUTHs OT CpeIHEH 10 IMO3/1Hel aKaH-
tesbl. Tak, y Acanthocephalus jacksoni B SkcriepiMeHTe (hparMeHTaIys «TUraHTCKUX KOPTHKAIb-
HBIX si7iep» HaYMHaach B rieproz Mexmy S50 n 60-Mu cyTkamu pasBuTHs, a K 80-M CyTkaM siipa ObutH
TIOJTHOCTBIO (DPArMEHTHPOBAHBI; TIPU 3TOM BIIOJIHE PA3BUTHIE LIMCTAKAHTHI HAOMONAMCh Mexy 80
n 90-mu cytramu kcriepumventa (Oetinger, Nickol, 1982). Pesynbrarsl u3ydeHus: pa3BUTHS [CTAKAH-
TOB 3TOTO BHJIA B €CTECTBEHHBIX YCIIOBUSIX TIO3BOJIMIIN TIPETIONIOKHTH, YTO (PaKTOPBI, PeryIHpyOIIHe
TA(hHEPCHIMPOBKY «TUTAHTCKHUX CYOKYTHKYIISIPHBIX SZICPY Y 3TOIO BHIA, MOTYT JCHCTBOBATh HE3a-
BHICHMO OT (DaKTOPOB, BIMSIONMX Ha MA((EPEHITMPOBKY M POCT MONOBBIX 3a4arkoB (Amin, 1982).
VY ckpebust Echinorhynchus lageniformis «'uTaHTCKUE KOPTHKAJIBHBIE sIpa CTAHOBSTCS JICH-
JIPUTHBIMH K 22 JHIO» JKCIIEPHMCHTA, a K 25-My JTHIO HAYMHAIOT Pachaaarthes, oOpa3ys

47



«KOHJICHCUPOBaHHbIC siICPHBIC (DParMEeHTH»; BeCh MEpuo (GOPMUPOBAHUS IMCTAKAHTA
cocraisin B akcriepuMente 30 mpueid (Olson, Pratt, 1971). Tloxoxkas kapruHa HaGmonaercs
y ckpebrst Polymorphus minutus, y kotoporo Ha cTaaumn Mo3HeH akaHTeUTB SIpa CTAHOBSTCS pe-
BOBH/IHBIMH U 3aTEM PACMIAJIAFOTCSl HA MENKHE (DparMEeHTBI, MEK/Ty KOTOPHIMU HHOITIA HAOMFONAFOTCS
ToHkue cBs3u (Butterworth, 1969). Y Moniliformis clarki MHOTOYHCIIEHHBIC SIIpa OTMEUYECHBI
aBTOpaMH Ha 29-e CyTKH SKCHEPHMEHTa NPH OOl ero MpoIOIDKUTEIBHOCTH 10 JOCTHKE-
Hus ctamun 1uctakanTa 60 cytok (Crook, Grundmann, 1964). B neransHOM uccieq0BaHUU
JIPYTOTO IpecTaBuTeNst poaa, Moniliformis moniliformis, TEryMeHT akaHTopa cpa3y IocJje
BBUIYIUICHHS TOCIICITHErO0 COACPIKUT OKOJO COpOKa sIep, a Y IIMCTaKaHTa MX KOJUYECTBO
MPUMEPHO YBAHBACTCS;, YePe3 HECKOIBKO YAaCOB MOCIIEC 3apaKEHUSI OKOHYATEIBLHOTO XO35HHA
(KpBICHI) fJpa CTAHOBSTCS AOJBYATBIMHM M 4epe3 4 HeHeNH 4aCTUYHO (hparMeHTHPYIOTCS
(Robinson, 1973).

Pucynok 2. ®parmentst saep (51) B paauanbHO-BOJIOKHUCTOM CIIO€ TEryMEHTa CKPeOHs
Corynosoma strumosum. JI — nakynsl. OBajioM IOKa3aHBI siIepHbIE ()parMeHThl, TOHKHIMHI
OTPOCTKAMHU CBsI3aHHbBIC JpYT ¢ Apyrom. CTpelkamMu MokasaHbl OTPOCTKH siep. CBeToBast
MHKPOCKOIHS, TOITYTOHKUH cpes.

Figure 2. Fragments of nuclei () in the radial layer of the tegument of the Corynosoma
strumosum. JI —lacunae. The oval shows nuclear fragments connected to each other by thin
processes. The arrows show the processes of the nuclei. Light microscopy, semi-thin section.
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Pucynok 3. /IBa ¢parmenra siapa (5I) B paguanbHO-BOJOKHHUCTOM CIIO€ TEryMEHTa CKPEOHs
Corynosoma Strumosum, BEepOSITHO COEMHEHHBIE OTPOCTKOM (CTpesKa). S — sIpBIIIKO.
DIEKTPOHHAS MHUKPOCKOIHSL.

Figyre 3. Two fragments of the nuclei (51) in the radial layer of the tegument of Corynosoma
strumosum, probably connected by a process (arrow). SIn — nucleolus. Electron microscopy.

W3 ananmsa nmuTeparypsl CIEyeT, UTo, 332 HCKIIOUYCHUEM IMTOCIeTHETo ciayydas, hparMeH-
Tayst siJiep NPOUCXOAUT JI0 JIOCTHOKEHHsI CKpeOHEM CTauM LUCTaKkaHTa U TeM Ooiiee 110
Tepexoyia ero B CIEAYIOLIEro Xo3siMHa. B To jke BpeMst Hallli pe3yibTrarbl B COBOKYITHOCTH C
MIPUBEICHHBIMHE 3/1€Ch JaHHBIMHU pyrux uccrenosareneit (Graybill, 1902; Van Cleave, 1928;
Butterworth, 1969) cBuneTenbCTBYIOT 0 TOM, 4TO ()parMeHTAIHs SACp B PsIC CIydacB HE
SIBJISIETCSI TIOJTHOM, M MEXJLy UX ()parMEeHTaMu COXPAHSIOTCS CBSI3M B BHJIE Y3KUX ITOJIOCOK
KapHOIUIa3MBbl, OTPaHUYECHHON THITUYHOW ABYMEMOpaHHOH simepHOi obomoukoil. Pazmimans
B pa3Mepax (parMeHTOB siCp W TOJIIMHE COCAWHSIONUX HX OTPOCTKOB, MO-BHIUMOMY,
COOTBETCTBYIOT pa3lIMuMsIM B pa3Mepax MCCIEIOBAHHBIX CKpeOHel: y M. catulinus nniHa
tena 35-125 mm, y C. strumosum — 5-9 mwm (Iletpouenko, 1958). He ucxmroueHo, 9to
MOIOOHBIE CBSI3M MEXIy (DparMeHTaMH siiep XapaKTepPHBI JUJIS MPEACTaBHTENCH IPyTrux
BUJIOB 00OMX YIOMSIHYTBIX KJIACCOB CKpEOHEH; NOMOIHUTEIbHBIC UCCIIEOBAHHS JOJIKHEI
MTOATBEPANTH WM OMPOBEPTHYTH ATO MPEAIOTIOKEHHE.

HeBo3MOXHO cKa3aTh, HACKOJIBKO JUIMTEIICH Iponecc (parMeHTalUd, HO HET
HUKaKHX JTaHHBIX, 32 UCKJIFOUCHHUEM YMOMSHYTO# paboTel Pooun3ona (Robinson, 1973),
0 TOM, 4TO (hparMeHTAlHs B TaKOM >K€ BHJAEC NPOJOIDKACTCA HA CIEAYIOIei mocie
LUCTAaKaHTa CTaJM KU3HEHHOTO IMKJIA, T.e. Y IOBEHWIBHBIX M B3pOCIbIX uyepBeil. Ha Ham
B3IVIsII, OOJiee IPUHIUITUAILHBIM SIBIISIETCS] IPETIONIOKEHUE O MTOCTOSHCTBE CBSI3eH MEXKIY
(parMeHTaMH siIep M COXPAaHEHUH HX y B3POCHBIX CKpeOHEH, 0OCHOBaHUEM IS KOTOPOTO
SIBJISIOTCS TIPUBEJICHHBIC 3[1€Ch HAIW HAOIFOJEHUS B3pOCIOro cKpeOHs M. catulinus.
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Ecnu 910 mpennonoxeHne BEpHO, TO TOTAA sSAEPHBIE (PArMEHTHI, BO3ZMOKHO, OCTAIOTCS
O0BCIMHEHHBIMU ATUMHU CBSI3SIMH B HECKOJIBKO CHCTEM, KOJUYECTBO KOTOPBIX MOKET OBITh
PaBHO KOJMYCCTBY NEPBOHAYAIbHBIX TUI'AHTCKUX AACP TETYMCHTA. buonornyeckuii cMbIci
TaKOW KOHCTPYKLUH MOXET 3aKJII0YaThcsi B 00CCIICUCHUH JKU3HEASSATEIbHOCTH TeI'YMEHTa,
00bEM KOTOPOrO0 MHOTOKPATHO YBEJIMYMBACTCS B MEPHO KU3HH Mapa3uta B ACPUHUTHBHOM
xo3stuHe. MHTepecHo, 4to y npencraButesnel kiacca Eoacanthocephala, kotopeie B cBoem
OOJIBIIMHCTBE XapaKTePU3YIOTCS MEIKUMH pa3MepaMH, TUTaHTCKHE SApa TeryMEHTa He
(bparMeHTHPYIOTCS ¥ HA TIPOTSDKEHHUHU BCEHl JKM3HH MApa3nuTa COXPAHSIOT «STHLEBUIHYIO HITH
ameOouauyo» Gopmy (Ilerpouenko, 1956; Miller, Dunagan, 1985).

Hexoropoe cXoAcTBO ¢ (parMeHTanuel saep UMeeT SBICHHE OTIIOYKOBAHUS OT
(parMeHTUPOBAHHBIX P MEIKHX (ParMeHTOB, HEJABHO OOHAPYKEHHOE y B3POCIOrO
ckpebHst Acanthocephalus tenuirostris (Palacacanthocephala) (JlaBbiaenko, Hukummn).
OJHAKO B 3TOM CIIydae CBS3M MEKIY sIpaMH M OTIIOYKOBABLIMMUCS MEJIKHMH (parMeHTamMu
HE HaOIIFOIAHCH.

Takum oOpazom, (parMeHTanMsi TUTAHTCKHUX siJIep B TEryMEHTE CKpeOHeil,
otHocsmuxcs K kmaccam Palaeacanthocephala m Archiacanthocephala, He siBIsieTCs MOTHOIA,
1 00pa3oBaBIIMECs sACPHbIC (PArMEHThI, KAK MHHHMYM, Y HCCIICOBaHHBIX 3[€Ch BHIOB,
COXPAaHSIIOT CBSI3U JPYT C ApyroM. MOXXHO Mpeimnojiaratb, 4To (parMeHThl KaxI0ro
TUTAHTCKOrO sIpa TeryMeHTa OOBbEeIUHEHBl APYr C APYIOM B CaMOCTOSTEJIBHYIO CETb.
Ota ceTh 00ECIEeUNBACT KU3HECATSIBHOCTh TETYMEHTa, 00bEM KOTOPOr0 MHOTOKpAaTHO

YBCJIMYMBACTCA B NEPHUOA MHTCHCUBHOI'O pOCTa MapaduTa B OKOHYATCIIbHOM XO3AUHE.

BJIATOJAPHOCTU

HccnenoBanus MpoBeEHBI B XO/I€ BBIMOJIHEHHS TOCYAaPCTBEHHOTO 3aJaHMs 110
Teme «TakcoHOMHYeckoe, MOP(OIOrNIECKOe U IKOJIOTNUECKOe PasHOOOpa3ye IelIbMUHTOB
MTO3BOHOYHBIX KUBOTHBIX CeBepHO# A3zmn No AAA-A17-117012710031-6».

CIIMCOK JIUTEPATYPbBI

Haseinenxo T.B., Huknmun B.I1. OcoGeHHOCTH OpraHM3alnyl TETyMEHTa y IMCTAaKaHTa U B3POCIOrO CKpPeOHs
Acanthocephalus tenuiristris. buonorus BHyTpeHHHX Boj. (B meuarn). [Davydenko T.V., Nikishin V.P.
Features of the tissue organization in the female reproductive system of Acanthocephalus tenuirostris
(Palacacanthocephala, Echinorhynchida). Inland water biology. (in Press) (In Russian)].

Jlucunpiaa O.M. 2019. dayna Vipaunsl. T. 31. Axanrouedansl. Kues, HaykoBa [lymka, 223 c. [Lisitsyna O.1.
2019. Fauna of Ukraine. Vol. 31. Acanthocephala. Kyiv, Naukova Dumka. 223 pp. (In Russian)].
Huxyma B.I1. 2004. uromopdonorus ckpebHeil (ITOKpOBBI, 3allIUTHBIE 000I0UKH, SMOPHOHAIBHEIC JIMINHKH).
M., TEOC, 234 c. [Nikishin V.P. 2004. Tsitomorfologiya skrebney (pokrovy, zashchitnyye obolochki,

embrional’nyye lichinki. Moscow, GEOS, 234 pp. (In Russian)].

Tlerpouenko B.M. 1956. AkanTtouedains! (CKkpeOHHM) JOMAIIHUX U IUKUX KUBOTHBIX. T. I. M., U3n-B0o AH CCCP,
435 c. [Petrochenko V.I. 1956. Vol. I. Acanthocephala of Domestic and Wild Animals. Moscow, Izdatel’stvo
Akademii Nauk SSSR. 435 pp. (In Russian)].

IMerpouenko B.M. 1958. AkanTonedans! (ckpebHu) qomMamHnx u qukux sxkuBotHeIX. T. II. M., M3n-8o AH CCCP,
458 c. [Petrochenko V.I. 1958. Vol. II. Acanthocephala of Domestic and Wild Animals. Moscow, Izdatel’stvo
Akademii Nauk SSSR, 458 pp. (In Russian)].

50



Xoxmnosa M.I". 1986. Akanrornedaisl HazeMHbIX 03BOHOUHBIX (haynsl CCCP. M., Hayka, 278 c. [Khokholova I.G.
1986. Acanthocephals of Terrestrial Vertebrates of the USSR Fauna. Moscow, Nauka, 278 pp. (In Russian)].

Amin O.M. 1982. Description of larval Acanthocephalus parksidei Amin, 1975(Acanthocephala: Echinorhyn-
chidae) from its isopod intermediate host. Proceedings of the Helminthological Society of Washington
49 (2): 235245.

Butterworth P. 1969. The development of the body wall of Polymorphus minutus (Acanthocephala) in its inter-
mediate host Gammarus pulex. Parasitology 59 (2): 373-388. https://doi.org/10.1017/s0031182000082342

Crook J.R., Grundmann A.W. 1964. The life history and larval development of Moniliformis clarki (Ward. 1917).
Journal of Parasitology 50 (5): 689-—693.

Graybill H.W. 1902. Some points in the structure of the Acanthocephala. Transactions of the American Micro-
scopical Society 23: 191-200.

Meyer A. 1933. Acanthocephala. Leipzig, Akademische Verlagscesellschaft M.B.H., 582 S.

Miller D.M., Dunagan T.T. 1985. Functional morphology. In: Crompton D.W.T., Nickol B.B. (eds). Biology of
the Acanthocephala. Cambridge, Cambridge University Press, 73—123.

Oetinger D.F., Nickol B.B. 1982. Developmental relationship between acanthocephalans and altered pigmentation
in freshwater isopods. Journal of Parasitology 68 (3): 463-469.

Olson R.E., Pratt I. 1971. The life cycle and larval development of Echinorhynchus lageniformis Ekbaum, 1938
(Acanthocephala: Echinorhynchidae). Journal of Parasitology 57 (1): 143-149.

Robinson E.S. 1973. Growth and differentiation of giant nuclei in Moniliformis (Acanthocephala). Journal of
Parasitology 59 (4): 678-684.

Taraschewski H. 2000. Host-parasite Interactions in Acanthocephala: a Morphological Approach. Advances in
Parasitology 46: 1-179.

Van Cleave H.J. 1914. Studies on cell constancy in the genus Echinorhynchus. Journal of Morphology 25 (2):
253-298.

Van Cleave H.J. 1928. Nuclei of the subcuticula in the Acanthocephala. Zeitschrift fiir Zellforschung und Mik-
roskopische Anatomie 7 (1): 109-113.

ON THE ORGANIZATION OF THE NUCLEI IN THE TEGUMENT
OF SOME PALAEACANTHOCEPHALA AND ARCHIACANTHOCEPHALA

V. P. Nikishin, D. V. Ponomarev

Keywords: anthocephalans, tegument nuclei, fragmentation of nuclei, Corynosoma strumosum,

Macracanthorhynchus catulinus
SUMMARY

The giant tegument nuclei of the acanthocephalans of the classes Archiacanthocephala and Palae-
acanthocephala are fragmented at the final stage of cystacanthus formation in the intermediate host,
but remain connected with each other during later life. It can be assumed that the fragments of each
giant tegument nucleus are united with each other forming an independent network that ensures the
vital activity of the tegument, the volume of which increases repeatedly during the period of intensive
growth of the parasite in the definitive host.
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Brepsrie nccnenoBana (ayHa nHQY30pHiA->HIOOHMOHTOB pybua n3obdps Cervus elaphus xan-
thopigus w mapana Cervus elaphus sibiricus Ha Tepputopun Asuu. Bcero oOHapyxeHo 14 BHIOB U
5 dopm nHby30pHii, OTHOCAIMXCS K MATH poam cemeiictB Ophryoscolecidae u Isotrichidae. Bumo-
BOH cocTaB SHAOOMOHTHBIX MH(Y30pHil y BCEX MCCIEOBAaHHBIX M3I00pEi M Mapalia OKasalcsi CXO/IeH
B 3HAYHUTEIBHOW cTeneHu. B GonbirHCTBe P06 00HApY)eH Enfodinium wapiti, paHee CY4UTaBLINHCS
crieruGpUIHBIM JIJIsT CeBepOaMEpHKaHCKoTo oieHs-Banutu Cervus canadensis. OOCy)aaeTcs BIHsI-
HME pa3IM4YHBIX (PAKTOPOB HA (OPMUPOBAHUE ONPENEICHHOI CTPYKTYphI cOOOIIECTB HH(Y30pHii-
9HI00MOHTOB pyOua Omaropoanoro oneHst Cervus elaphus.

KunroueBsie cioBa: suno6nonTasie nadysopun, Cervus elaphus, Ophryoscolecidae, Isotrichidae
DOI: 10.31857/S0031184723010052; EDN: FJIPECC

DHIOOMOHTHBIC WH(PY30PUU — OIMH M3 KOMIIOHCHTOB CJIOXKHOM 3KOCUCTEMBI, (POPMH-
pytomeiics B pyorie sxBaunbix (Newbold et al., 2015). Kak BakHast COCTaBHasI 4aCTh MHKPO-
Ouoma pyOiia, MHPY30pUU PHHAMAIOT YYaCTHE B MPOIECcaxX MUIIEBAPECHHS XO3SIMHA, B T.4Y.
B MpOIIeccaxX PacHICIUICHUSI PACTHTEIBHBIX BOJIOKOH. DayHa MH(Y30pHii-3HI00HOHTOB pyoOLia
KPYIIHOTO pOraToro CKoTa M APYTuX OJOMAIIHEHHBIX BHOB BauHbIX MCCIIEOBAHA JIOCTa-
TOYHO JIETAIbHO, 3HAYMTEIILHOE KOIMUECTBO MyOIUKAIUI MOCBSIIEHO H3YyUYSHUIO BUIOBOTO
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pasHoobpa3us nHPY30pUil, NX B3aUMOACUCTBUH C Pa3NUIHBIMU TPYIIIAMH MHKPOOPTaHH3-
MOB, HaceJIoNMX pyoer, OHoXuMuu pyOIia, B IEPBYIO O4Yepeb IPOLECCOB METaHOTeHE3a
(Kopuuiora, 2004a; Hall, 2011; Denton et al., 2015; Tapio et al., 2017; Park, Yu, 2018).
OnHako 3HKOOMOHTHBIE MH(Y30pUH U3 MHUIEBAPUTEIBHOTO TPAKTA AUKUX BHUAOB KBAaUHBIX
M3y4eHBbI aJIeKo He Tak nmoxpoOHo. Kak mpaBmito, MMEIOTCSl eIMHUYHBIEC TTyOIUKAINK O BHU-
JIOBOM PazHOOOpa3uu 3HA00MOHTOB pyOlia TOr0 MM MHOTO BUJIA XO3sIMHA, JUIS psijia BUJIOB
KBAaUHBIX JaHHBIE OTCYTCTBYIOT BOBCE. B TO ke Bpems u3yueHne cooOIecTs HH(Y30puid 13
pyOla JKBaYHBIX, Pa3IMYAIONINXCS OCOOCHHOCTSIMHM OMOJIOTMH M SKOJOTHH (Hampumep, 1o
MUIIEBOMY pPalMOHY, YPOBHIO CTaJHOCTH H Jp.), IPEACTaBIACT HECOMHEHHBIN uHTEpec. Pe-
3yNbTaThl TTOJOOHBIX MCCIICIOBAHMN MTO3BOJISIIOT OLEHNTD BIMSHHUE PA3IUYHBIX (PAKTOPOB HA
(dopMupoBaHKe cOOOIIECTB 3HAOONOHTOB, BBISIBUT PA3INYMs B BHJOBOH CTPYKTYPE TAKUX
COO6]_HCCTB MCXKIAY OTACIbHBIMHU MOIYIANUAMA U BUAAMU KUBOTHBIX-XO034€B, ONIPEACINTD
YPOBEHB CHEIM(PUIHOCTH B3aUMOJEHCTBUI MapTHEPOB B CHUMOMOTHYECKON aCCOIMAIINU.
B nacrosmeit pabore BriepBbie ObuIa McciIenoBaHa (ayHa SHJOOMOHTHBIX MH(Y30pHiA 1O/-
BUIOB OaroponHoro ojieHs Cervus elaphus Ha Tepputopun A3uu.

MATEPHAJI U METO/1bI

HccnenoBanue mpoBeieHO Ha Marepuane HH(Y30puid U3 pyOia OJaropogHOro oJeHs — MOIBHIA
u3t0bps Cervus elaphus xanthopygus Milne-Edwards, 1867 (Tepueiickuii u OabrHHCKUI paiiOHBI,
[Ipumopckuii xpait) u noxsuaa mapan C. e. sibiricus Severtzov, 1873 (Onayraiickuii paiion, Pecmy-
Omuka Antait) (tadm. 1).

CO6op Marepnaia IPOBOAMIN B pa3Hble ce30HHI roxa ¢ 2015 mo 2021 rr. Coxepkumoe pybOua
00bEMoM 30 MIT OTOMpAITH B €r0 3aJHEM OT/eNe (Ha yIAJICHUH OT COOOIICHHUS C THIIIEBOIOM U CETKOM)
y BHYTPEHHEW CTEHKH C HMOMOIIbIO CTEPWJIBHBIX CKAJIBIIENsI M HMHMHIIETa U MOMELIAIN B CTCPHILHYIO
npobupky oobemom 100 mit. I[IpoGsl dpukcupoBain B 7%-HOM pacTBope (opMainHa B COOTHOIICHUH
2:1 pacTBOpa K coaepKUMoMy pyOua, 10 ¢ukcannu oopasibl XpaHWIN npu Temreparype +4°C.

CBETOMHUKPOCKOITMUECKHE MUCCIEA0BAHUS U MUKpodoTorpadupoBaHie MpOBOJUIN C UCIOIb30-
BaHneM MukpockornoB MBU-11 (JIOMO, Poccust), Ansramu-NuBept-3 (Anbramu, Pocenst) ¢ doro-
Hacagkoit u Leica DM2500 (Leica-Microsystems, Germany), ocHaméHHOTO I} depeHnnantbHbIM
HHTEpQEPEHIIMOHHBIM KOHTPAacTOM U nudposoit kamepoii Leica DFC495 (8.0MP).

Ipu u3yuernu MopGhOoNOrHy KICTKH JUTS BBISBICHUS MakpoHyKIieyca ucrosb3oBamu 0.1% pactBop
METHJIOBOTO 3elEHOT0 B 1% pacTBOpe yKCYCHOM KMCIOTHL. UncieHHoCTs HH(Y30puid B 1 M conepxu-
MOTO pyOlia ONpeAessuIn METOAOM «KanuopoBaHHOU Karun» (Koprunosa, 20040). [{ng onpenenenus
BHJOBOW MPHHAIIC)KHOCTH MHQY30pHuil ucnoip3oBanu padorer Jorens (1929), Williams, Coleman
(1992), Dehority (1993) u Kopuunosoii (2010).

PE3VYJIBTATBI U OBCYXJEHHUE.

B mpobax cojaep:xumMoro pyoOiia OlaropofHbIX OJIeHEeH B OOIIel CII0KHOCTH HAMHU
ObUTO BBIABICHO 14 BUIOB M 5 (opMm MHPY30pHiA, OTHOCAIIUXCS K IIATH POJaM CEMEHCTB
Ophryoscolecidae u Isotrichidae (tabxa. 2; puc. 1, 2). O6mas uncieHHOCTs HHDY30pHT
B 1 Mi comepskuMmoro py6ia coctaBuna ot 122 290 y uztobps Ne 3 mo 420 380 y wusio-
Opst Ne 4. Bo Bcex 6e3 uckiroueHUs mpodax oOHapykeHBI BUIBI Epidinium caudatum n
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Pucynok 1. DunobuontHsle nHdpy3opun u3 pybua Gmaropoanoro onest Cervus elaphus:

A — Epidinium ecaudatum; B — E. caudatum; C — Eudiplodinium maggii,

D — E. neglectum f. impalae; E — E. neglectum f. bovis; F — E. neglectum f. spectabile;

G — Dasytricha ruminantium; H, 1 — Enoploplastron triloricatum. dz — nopcanbHasi 30Ha
MeMOpaHelll, adz — afgopajibHas 30Ha MeMOpaHelll, ¢ — KayAaJIbHbIH BBIPOCT, €V — COKPATHTENIbHAS
BaKyoJib, Ma — MakpOHYKJICyC, HAKOHEYHHK CTPEIIKH — MHKPOHYKJICYC, CTPEJIKa — CKEJICTHAs
mnactuaa. CeeroBast Mukpockonusi, DIC. Macmtabuas nuneiika 20 MKM, Ha Bpe3kax — 10 MKM.

Figure 1. Endobiotic ciliates from the rumen of the red deer Cervus elaphus: A — Epidinium
ecaudatum; B — E. caudatum; C — Eudiplodinium maggii; D — E. neglectum f. impalae;

E — E. neglectum f. bovis; F — E. neglectum f. spectabile; G — Dasytricha ruminantium;

H, I — Enoploplastron triloricatum. dz — dorsal zone of membranellae, adz — adoral zone

of membranellae, ¢ — caudal spine, ¢v — contractile vacuole, Ma — macronucleus, arrowhead —
micronucleus, arrow — skeletal plate. Light microscopy, DIC. Scale bar 20 pum, inserts — 10 um.
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Pucynok 2. Undysopun pona Entodinium n3 pyoua omaropognoro onensi Cervus elaphus:

A — Entodinium simplex; B — E. furca f. dilobum; C — E. furca f. furca; D — E. exiguum;

E — E. nanellum; ¥, G — E. wapiti; H — E. longinucleatum; 1 — E. dubardi; J — E. caudatum.
Ma — MaKpOHYKJIEYC, CV — COKPAaTUTENIbHAs BaKYOJlb, /7' — TPEYTOJIBHBII BBIPOCT Ha MOBEPXHOCTH
KJIETKH, ps — 3a0CTPEHHBIC BBICTYIIbI HA 3a/JHEM KOHIIC KJICTKH, CTpeJKa — UTO(apHHKC,
HAKOHEYHHK CTPEJIKH — BBICTYIBI Ha 3aJHEM KoHIE kieTku. CBeroBas mukpockonus, DIC.
Macmrabnas auHelika 10 MKM.

Figure 2. Entodinium ciliates from the rumen of the red deer Cervus elaphus: A — Entodinium
simplex; B — E. furca f. dilobum; C — E. furca f. furca; D — E. exiguum; E — E. nanellum;

F, G — E. wapiti; H — E. longinucleatum; 1 — E. dubardi; J — E. caudatum. Ma — macronucleus,
cv — contractile vacuole, # — triangular rib on the cell surface, ps — posterior spines, arrow —
cytopharynx, arrowhead — posterior lobes. Light microscopy, DIC. Scale bar 10 um.
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E. ecaudatum, nprmuaém mo uucneHHoctu E. ecaudatum Bcerna 3aHUMA JOMHHHPYIOIIEE
nosioxkenue. Eudiplodinium maggii Obla BBISBICH B ITOAABIISIONIEM OOJIBIIUHCTBE MPO0 (32
uckioueHneM mpoosr Ne 2). Taxke B comepXUMOM pyOlia BCeX OJICHEH Mbl OOHApPYKHUIH
nH(Y30pHil, KOTOPBIE CONIACHO HAOOPY OIpPEAENNTEIbHBIX NMPU3HAKOB, MOTYT OBITH OTHE-
cenbl K TpéM dopmam Buna Eudiplodinium neglectum ([orens, 1929) (Tabi. 2).

[Ipu atom E. neglectum f. bovis u E. neglectum f. spectabile pa3nmudaroTcsi MpeuMyIIe-
CTBEHHO TI0 (popMe KISTKH M MaKpOHYKJIEyca, IIaBHBIM oTnnuueM E. neglectum f. impalae
OT TPEIBIAYIINX ABYX (OPM SBISIETCS PACIIONOKEHHE MHUKPOHYKJIEyca y MepeHero Kpas
MakpoHykiieyca (puc. 1). B HacTosmiee Bpems 9TH GpOpMBI 4aCTO paccMaTpUBAaIOTCs B paHre
OTZIEJIBHBIX BHOB, OJIHAKO MHOTHE aBTOPHI Bcier 3a JloresneM OTMEYaroT HCKITIOUYUTENBHOE
cxoacTBO BUIOB E. bovis, E. spectabile n E. impalae, 9T0 3acTaBIsIeT COMHEBAThCS B HX
BanuaHoctd (Kofoid, MacLennan, 1932; Hungate, 1942; Williams, Coleman, 1992). Mb1
MIPEIIOYNTaeM PacCMaTPUBATh MCCIeTyeMBIX HHY30pHuil kKak ¢opmbl Buna Eudiplodinium
neglectum, B cooTBeTcTBUU C onpeaenureneM Jorems (1929).

B pyOrie osneHelr Mbl 00HapYxIH 9 BUIOB U GopM pona Entodinium, PH 3TOM TPH
Buna — E. caudatum, E. dubardi n E. exiguum — BCTPEYaINCh ¥ BCEX HCCIEIOBAHHBIX
ocobeit (puc. 2). OcranbHble BUABI SHTOAWHUYMOB (3a McKioueHueM E. longinucleatum
u E. furca f. furca) 0blIu OOHAPYXKEHBI OOJIeC YeM B MOJIOBUHE MPOO. Y MOJABJISIONICTO
OonmpIIMHCTBA U3I00PEH, a Tarke y Mapaia B pyOriie ObuTH HalineHsl nHby30puu Entodinium
wapiti (puc. 2). 31oT Buj OblI onmcaH u3 pyoua onens u3z CeBepHON AMEpHKH — BaIu-
™ Cervus canadensis Erxleben, 1777 u cunrancs cnenunuuHbIM JJIsl JaHHOTO XO3sSWHA
(Dehority, 1995). B Tabn. 3 moka3aHbl cpaBHUTEIbHBIE MOP(QOMETpUUCCKHAE TaHHBIC IO
E. wapiti n3 uzro0pst (Ne 7), mapana (Ne 11) u Baniutu (mo: Dehority, 1995). [Inanazon
M3MEHYUBOCTH MH(Y30puii U3 pyOIa U3I00ps U BalMTH CXOZEH, TOr/a Kak B pyOle Mapaia
BCTPEUAIOTCS MPEUMYIIECTBEHHO KpynHble nH(y30pun. npoknii pazmMax M3MEHUYHMBOCTH
MOP(OMETPUYECKUX NMPU3HAKOB OYE€Hb XapaKTePeH JUIsl SHI00MOHTHBIX MH(QY30pHH, OJHO-
3HAYHO HICHTH(GHUIUPOBATh E. wapiti MO3BOJSCT TaKOW YHHKAIbHBIA MPHU3HAK, KaK TPEY-
TOJIBHBIM BBIPOCT Ha MOBEPXHOCTU KIJICTKH.

Bunosoii cocraB nHdy30puii-3H100MOHTOB y Beex u3toOpei u3 Tepreiickoro u Oib-
THHCKOTO paiioHoB [IpuMopbs, a Takke Mapajia U3 PecrnyOauKd AJTail JeMOHCTPUPYET
3HAYNTENBHYIO CTeNeHb cXxoacTBa (mHAeke YekaHoBckoro-Cepencerna 0.9). B To ke Bpems
TOJBKO B pyOue mapana Obu1 oOHapyxeH Bun Enoploplastron triloricatum. VInTepecHo
TaKXkKe OTMETHTh, YTO UHPY30PHUU-U30TPUXUIBI Dasytricha ruminantium ObUTH 00HAPYKCHBI
y Mapajia W TOJBKO IBYX H3I00peil — Marepu u moudepu u3 TepHeickoro paiioHa IIpumo-
post. [Ipu 9TOM BHIIOBOH cOCTaB SHIOOMOHTHBIX MH(Y30pUH Y 9THX ABYX 0coleil okazaics
UJICHTHYHBIM, YTO OOBSICHSETCS OCOOCHHOCTSIMH TIepeiady SHIIOOMOHTOB B PsY MOKOJICHHN
*kBagHbIX (Kopuumosa, 2004a).

dayna uHpy30pHii-9HI00MOHTOB pyOIia OIArOpPOTHOTO OJICHS HA TEPPUTOpUH A3HHU pa-
Hee He Obuta muccienoBana. [lo MHpY30pHUIM U3 OJIeHEH TOro BWAa U3 APYrHX reorpadu-
YECKHX PErnOHOB OBIIM paHee MPOBEICHBI HCCIICIOBAHNS B HECKOIBKHUX CTpaHax EBporsl,
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B Hogoit 3emanmnn u ABcrpammu (Dehority, 1997). Takxxe mMeercss eTMHCTBEHHAS ITyOIHKa-
1UsT, TTOCBAIIEHHAS M3yUeHUIO SHA00MOHTHOH (aynsl Barmth (Dehority, 1995). Dot onens
JIOJITOE BPEMsl pacCMaTpHUBajICs Kak IOJBH[ OJaropoHOTO OJICHS W JIMIIb CPaBHUTEIBHO
HeJlaBHO ObLI BBIIEIEH B oTnenbHbIN BUA Cervus canadensis (Ludt et al., 2004; Mizzi
et al., 2017). Pe3ynbrarbl HOBEHIINX HCCIIEIOBAHUI MpennonaraloT OJU30CTh M3I00ps U
MapaJia K BallUTH C BO3MOXHBIM oObennHeHueM ux B C. canadensis (Mackiewicz et al.,
2022), ogHAKO AT TMPOBEACHUS MOTHOLEHHONW TaKCOHOMHYECKOW peBW3UH pona Elaphus
HEOOXOIMMBI JIOTIOJTHUTEIbHBIC HCCIIE/IOBAHMS B 3TOM 001acTh. B CBsI3M ¢ 9TUM MBI B CBOCH
pabote paccmarpuBaeM H3I00ps ¥ Mapajia Kak moaBuibl OmaropomnHoro onenst C. elaphus.
B Tabn. 4 mpuBeneHbl CBOIHBIC JaHHBIE MO BCTPEYAEMOCTH MH(QY30pHil Pa3HBIX POIOB
B pyOIie oJeHel M3 pa3HbIX Teorpauyecknx pernoHOB.

Taéanua 3. Mopdomerpust uadysopuii £. wapiti (6e3 yaéra KkayJaabHBIX OTPOCTKOB)
u3 pyO6ma u3o6ps (1), mapana (2) u Barurtu (3)

Table 3. Morphometry of E. wapiti (without taking into account caudal projections)
from the rumen of (1) red deer, (2) Altai maral, and (3) wapiti

v,
%

v,
%

CV,

SD %

SD SD

KuBOTHOE-XO35MH
Cpenusist JUIMHA, MKM
lupuna (min—max), MKM
CpelHsis muprUHa m
(min-max)
(cpemuee)

JlnmiHa (min—max), MKM
OTHOLICHNE JUIUHBI K IHPHHE

OTHoOIIEHHE JUIAHBI K IIAPUHE

1]25.0-40.0|344 |26 | 7.5|20.0-305| 24.1 | 2.1 | 87 | 1.20-1.60 | 1.42 | 0.24|16.9
2 (34.0-375|358| 09 |25 |275-325| 292 | 1.1 | 3,8 | 1.10-1.30 | 1.22 {0.09 | 7.4
3121.0-340 (282 3.6 [12.8]21.0-280 | 250 | 23 | 9.2 | 1.00-1.28 | 1.13 | 0.11 | 9.7

IIpumedanus. 1 —u30pp Ne 7; 2 — mapan Ne 11, 3 — Banuta (o: Dehority, 1995).
Yucio n3MepeHHBIX KIETOK y M3t00ps ¥ Mapana — 1o 25, y Banutu — 10.

Mo cymiecTByrOIMM NPENICTABICHUSIM, CTPYKTYpa co00IecTB HH(Y30pHii-3HI00MOHTOB
[IMIIEBAPUTEIILHOTO TPAKTA ITO3BOHOYHBIX ONPENEIISIeTCsl COBOKYIIHBIM JeHCTBHEM HECKOIb-
kux ¢akropo (Newbold et al., 2015). DHNOOMOHTHBIE HHPY30PUH XapaKTEPHUIYIOTCS
OIpeIeNIEHHOM CrIelM(UYHOCTBIO MO0 OTHOUICHHUIO K XO35HHY, KOTOpasi BO3HHUKJIIA B PE3YJib-
TaTe KOBOIIOIMH MapTHEPOB B CUMOMOTHYECKON cUcTeMe. B To ke BpeMs, onpeneéHHoe
BJIMSHHE HA BUJOBOI COCTaB 9HIOOMOHTOB OKAa3bIBAlOT OCOOCHHOCTH NMUTAaHUS M 00pa-
3a JKM3HM XO35MHA, B T.4. YPOBEHb CTaAHOCTH. M, HakoHel, BO3MOKEH rOPU30HTAIbHBIN
Hecnenu(pUIECKHil IepeHOC SHAO0ONOHTOB MEXIY Pa3INYHbIMKU BUIAMH XO35I€B IIPH TECHOM
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kxoHTakTe. CocTaB PHIOOMOHTHOH (hayHBI a3MAaTCKUX MOABUIOB OIaropomHOTOo oyieHs (10
poxaM mHQY30pHil) Ooee CXOAEH C TaKOBBIM y BAIIUTH, YTO MOXKET CBHUICTEIHCTBOBATH
B I10JIb3y WX JIOCTaTOYHO OJIM3KOTO POACTBA. XOTEJIOCH OBl €lle pa3 MoAYePKHYTh, YTO, CO-
IVIaCHO MMEIOIIMMCS JJaHHBIM, TOJIBKO Y 3THX IBYX BHJIOB X035€B OOHapyKeH B MH(DY30-
puii E. wapiti. CXOACTBO BUIOBOTO COCTaBa COOOIIECTB MH(Y30pHH y OJCHEH, OOMTAIOIINX
Ha OJJHOM TEPPUTOPHH, MOXKET OBITh CBS3aHO B T.4. C BO3MOXKHOCTBIO TECHOTO B3aMMOJICH-
CTBUS OTAEIBHBIX CEMEHHBIX Ipynn xo03seB. [y Mapana Ha AnTae XapaKTEepHbBI CE30HHbIE
MUTPAIN MPOTSHKEHHOCTBIO 10 50 KM, CBSI3aHHBIE CO CMEHOM 3MMHHUX M JICTHUX MTACTOMII
(Cobanckuii, 2008). B [Ipumopckom Kpae cpean H3i00pei BCTpedaroTest Kak OCeIIble, Tak
U MUTPHpPYIOILE 0cOOu. Y MUTPUPYIOLIMX OJICHEH 3UMHHE Y4acTKH OOMTaHUs y/aJIeHbl Ha
1045 xm ot nernux (MeicienkoB, Muksen, 2003). Bo Bcex Tpéx paiioHax ordopa mpod
671aropoJHbIC OJICHW B TEUCHHE OOIbINEHl YacTh rofa, B OCOOCHHOCTH B JICTHHH NEpHO,
mocemarT npupoausie conoHisl (Panichev et al., 2018, 2022). Ha cononiax ormevaercs
KOHIIGHTpALUsI OJIaropojiHbIX OJICHEH, OJIHOBPEMEHHO MX MPHUCYTCTBYET 10 15 ocobeil, oHn
aKTHBHO KOMMYHHUIIMPYIOT JIPYyT C APYTOM, MO OYEpEeIH BBUTM3BIBAs TPYHT U3 OJHHX U TEX
e «WIN3YHIIOB» — YIIIyOJICHUH, BbIEZICHHBIX B HanOosee MPUBJIEKATEIbHBIX JUISl JIUTO(aruu
yuacTkax. Ha conoHIax 0maropo/Hbie 0JeHH KOHTaKTUPYIOT HE TOJBKO MEX1y COOOH, HO
¥ C APYTHMH BHIAMH OJCHBUX: JIoceM Alces alces (Linnaeus, 1758) u cubupckoii Kocynei
Capreolus pygargus (Pallas, 1771), a taroke nsitHECTBIM onieHeM Cervus nippon Temminck,
1838 st Onbrunckoro paiiona Ilpumopckoro kpasi (Cepénkun, ITannues, 2022). Ilpe-
obnajjanue B cOOOIIECTBAaX dHIOOMOHTOB BHIIOB poaa Entodinium W NOBOIBHO HU3KHUMA
YPOBEHb BH/IOBOTO PazHOOOpa3usi HH(PY30pril OTMEUEHBI AJIsI MHOTUX BHJIOB AWKHX >KBad-
HBIX, 9TO OOBIYHO CBSI3BIBAIOT C OCOOCHHOCTSIMHU IUTAHMS WIIM 00pa3a >KU3HU XO35MHA (B T.4U.
HU3KUM ypoBHeM ctanHocTtn) (Williams, Coleman, 1992; Clauss et al., 2011; Kopuuiosa
u fap., 2021). Tak, BRICKa3bIBAIHNCH MPEAMIOTIOKEHHUS, YTO MOJO0HAS CTPYKTypa COOOIIECTB
MHQY30pHil XapaKTepHa JJIsl X03sI€B, MUTAIOMINXCS TPEUMYILIECTBEHHO BETOUYHBIM KOPMOM,
XOTS TIPSIMOM B3aUMOCBSI3H MEXKY PAllMOHOM XO35€B M BHJIOBBIM COCTaBOM JHJIOOMOHTOB
nokazano He Obu10 (Clauss et al., 2011). B cBsi3u ¢ 9TUM HYXHO OTMETHTb, YTO KaK U3I00pb,
TaK W Mapall JIETOM IHTAIOTCS B OCHOBHOM TPaBSIHUCTOH PacTUTEIBLHOCTBIO M JIHCThSIMH
JPEBECHBIX TOPOJ, a B 3MMHHUM IEPUOJL NEPEXO/IIT Ha APEBECHO-BETOUHBII KopM (Bpomitei,
Kyuepenko, 1983; Cobanckuii, 2008). OceHbI0 H3I00ph HEpenko HOTpedsieT kenyau nyba
u opexu Kopetickoii cocHsl (ILlepemerseB, [Ipokomenko, 2005).

Coracao npennonoxenuto Jloremns (1946) o ¢punorennu nHPY30pHil KBAUHBIX, SBOIIO-
uoHHoe (opmupoBanue BetBeil Epidinium—FEudiplodinium npou3onuio y o0Inero mpeaka
oneHelt u monoporux. Ilpu aToM Takue ponbl, kak Ostracodinium, Polyplastron, Ophryo-
scolex chopMUpPOBAINCEH MTOIPKE yKE y TOIOPOTHUX XO0351€B. B CBA3M C 3THM HMHTEpPECHO
OTMETHTh, YTO Yy OJOMAIIHEHHBIX OJICHEH, [0 CPAaBHEHUIO C JUKHUMU OCOOSIMH, B IEJIOM
HaOJroaeTcst Oospliee pasHoodpasue HHPY30puii-3H100MOHTOB (Tadm. 4). BosmoxHo, day-
Ha SHIOOMOHTHBIX MH(Y30pHI EBPOMEHCKUX M aBCTPANIUHCKUX OleHell Obuta oboramieHa
3a cuér Oosee OJM3KMX M YACTHIX KOHTAKTOB C MECTHBIMH BHJAaMH IOJIOPOTUX U UX OZ10-

MalIHeHHbBIMUA (OpMaMHu.

60



Tadmuua 4. BectpedaeMocTh peACcTaBUTENEH pa3uYHBIX POIOB SHIOOMOHTHBIX HH(Y30pHii B pyOLe
6mnaropoauoro onenst Cervus elaphus w3 pa3HbIX reorpapuueckux perioHOB

Table 4. Occurrence of representatives of various genera of endobiotic ciliates in the rumen of the red
deer Cervus elaphus from different locations

N Pon Pernon oburanus

1 2 3 4
1 | Entodinium Stein, 1859 100 88 100 100
2 | Diplodinium Schuberg, 1888 - 75 58 -
3 | Eudiplodinium Dogiel, 1927 100 88 100 100
4 | Ostracodinium Dogiel, 1927 - 13 - -
5 | Metadinium Awerinzew & Mutafowa, 1914 - 13 33 50
6 | Enoploplastron Kofoid & MacLennan, 1932 9 13 - 50
7 | Elytroplastron Kofoid & MacLennan, 1932 - 25 33 -
8 | Epidinium Crawley, 1923 100 75 25 50
9 | Ophryoscolex Stein, 1859 - 13 - -
10 | Isotricha Stein, 1859 - 50 67 -
11 | Dasytricha Schuberg, 1888 27 38 - -

IIpumevanus. | — mogBuas! OraropogHoro oneHs (M3100pb U Mapai) U3 A3uu, 2 — TUKHE

W oJIOMalllHeHHbIe Oyaropoansle ojaenu u3 Espormsl (o: Dehority, 1997), 3 — GnaroposHblii oneHb
(omomarnennslif) n3 Asctpanuu (Dehority, 1997), 4 — onens Banutu n3 Kananst (Dehority, 1995).
Tlokazano oraomenue (%) MOMOKUTENBHBIX P00 K 00IIEMY YHCTY P00, TPOUEPK — MPEACTABUTENN
JTAHHOTO poyia HH(Y30pHil He 0OHAPYKEHBI.
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FAUNA OF THE ENDOBIOTIC CILIATES FROM THE RUMEN
OF THE RED DEER CERVUS ELAPHUS LINNAEUS, 1758

0. A. Kornilova, A. V. Radaev, I. V. Seryodkin, L. V. Chistyakova

Keywords: endobiotic ciliates, Cervus elaphus, Ophryoscolecidae, Isotrichidae

SUMMARY

Fauna of endobiotic ciliates of the red deer Cervus elaphus xanthopigus and of the Altai wapiti
Cervus elaphus sibiricus in Asia was studied for the first time. In total, 14 species and 5 forms of
ciliates belonging to 5 genera of Ophryoscolecidae and Isotrichidae were found. The species com-
position of endobiotic ciliates in all studied individuals of deer appeared to be rather similar. Most
of the samples contained Entodinium wapiti, previously considered specific to the North American
wapiti Cervus canadensis. The influence of different factors on the formation of a certain structure
of communities of ciliates, endobionts of the rumen of the red deer Cervus elaphus, is discussed.
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In laboratory, the highest mortality rates of Tetranychus urticae after the use of metabolic products
of symbiotic bacteria with a titer of 1 x 107 were observed in Xenorhabdus bovienii at 6-8 days
post application (dpa) in the experiment with live and at 8 dpa of autoclaved culture (about 95%).
In experiments with live and autoclaved culture with a titer of 1 x 107, the mortality mites at 8 dpa
in X. bovienii was almost the same, but in X. nematophila it was slightly higher in autoclaved culture.
At 8 dpa, the efficacy of the live and autoclaved metabolic products of Xenorhabdus bovienii and
X. nematophila against the spider mite with a titer of 1 x 10° was about 1.4 times lower compared
to the culture with a titer of 1 x 10°. The relationship between the mortality of spider mites (%) and
the exposure time (days) to bacterial metabolism products most reliably reflects by the polynomial
dependence with the accuracy of approximation 0.93—1.0. In the greenhouse, the effectiveness of
the bacterial metabolic products of X. bovienii against spider mite was highest in experiments with
live culture with a titer of 1 x 108 In experiments with live culture of X. bovienii with a titer of
1 x 107 (in vivo) the mortality rate of spider mites on leaves of shrub Dracaena sanderiana
at 8 dpa increased from 84% on the ground floor to 90% on the second floor. The overall efficacy
of the bacterial metabolic products of X. bovienii (in vivo, titer 1 x 107) against adults, larvae and
nymphs of 7. urticae on the leaves of perennial marsh grasses (Potenderia cordata, Thalia geniculata
and 7. dealbata) was about 98-99%.

Keywords: Steinernema, live bacterial culture, autoclaved culture, laboratory conditions, green-
houses, toxic secondary metabolites, efficiency
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Introduction

Bacteria of the genus Xenorhabdus are symbionts of entomopathogenic nematodes
(EPNSs) in the genus Steinernema. The bacterium colonizes a specialized intestinal pocket
within the infective stage of the third age nematode, which transports the bacteria between
insects that are killed and consumed by the pair for reproduction. The infectious stage
of the third-instar nematode, which lives in the soil without feeding, penetrates into the
body of soil insects and regurgitates symbiotic bacteria that contribute to the death and
digestion of the host’s internal organs. Nematodes begin to feed on digested foods, turn-
ing into larvae of the fourth instar, then into males and females. Bacteria of the genus
Xenorhabdus produce a large number of secondary metabolites that weaken the immune
system of insects, causing their death, suppressing the development of other microorgan-
isms. These include toxic peptides, amino acids, polypeptides, antimicrobial and antifungal
substances with antibiotic properties (fabclavines, xenocoumacins and others). They have
found wide application in plant protection against nematodes — parasites of stems and
leaves, the root system of plants, their diseases and pests (Hazir et al., 2016; Dreyer et al.,
2018; Eroglu et al., 2019; Abebew et al., 2022; Yiksel, 2022; Yiksel et al., 2022; Zhang
et al., 2022). To protect plants from diseases and pests, three main forms of biological
products containing toxic secondary metabolites of Xenorhabdus bacteria are used: culture
fluids containing metabolites and of live (in vivo) or dead (in vitro) bacteria; cell-free cul-
ture supernatants. The cultivation of bacteria from stock cultures is initially carried out in
Petri dishes on agar plates at 28°C for 24 h. One of the bacterial colonies is transferred to
flasks containing sterile Tryptic Soy Broth and the flasks are incubated at 30°C and 150 rpm
(revolution per minute) for 24 h. The density of bacterial culture cells is measured by
a spectrophotometer. To extract the cell-free supernatants, the bacterial culture in the
broth suspension is centrifuged at 20.000 revolutions per minute (rpm) for 15 min at 4°C
in 50 ml Falcon tubes. The centrifuged supernatant solution is separated from the bacterial
cells by passing through a 0.22 um millipore filter. The filtrated solution is checked for
the presence of bacterial cells by streaking onto NBTA agar (Hazir et al., 2016). Autocla-
ving at 121°C for 10 min do not influence the antibiotic activities of the cell-free cultures
of Xenorhabdus (Fodor et al., 2010). Cell-free bacterial cultures and supernatants can be
stored at 4°C for 2 weeks before use in experiments (Hazir et al., 2016). Xenorhabdus
nematophila, X. bovienii and X. szentirmaii supernatants could be used as potential con-
trol agents against 7. urticae (Incedayi et al., 2021). The effect of secondary metabolites
of Xenorhabdus bacteria on plant diseases and pests has been studied mainly in laboratory
conditions in Petri dishes and in pots.

Tetranychus urticae C.L. Koch, 1836 (two-spotted spider mite) is a widespread polypha-
gous, cosmopolitan species. It has been recorded from most countries in North, Central
and South America, Europe, Asia, Africa and Australia. 7. urticae infests about 1167 spe-
cies host plants from 127 families, annuals, perennial grasses, shrubs and trees, wild and
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cultivated both in field conditions and in greenhouses. The lower temperature threshold for
it development is about 12°C and the upper limit for development is about 40°C, optimal
temperature 26-30°C, air humidity 60-80%. The life cycle ranges from 8 days to 40 days.
T. urticae is one of the most serious agricultural pests in the world. About 88 cultural host
plants are infested by this pest, such as bean, soybean, cotton, cucumber, tomato, melon,
peanut, vine, banana, papaya, corn, ornamental crops and others (Riahi et al., 2013; Mi-
geon, Dorkeld, 2019). In most agricultural crops, the use of synthetic pesticides is the main
method to control 70 urticae. However, because environmental adverse effects of these
pesticides, the development of pesticide resistance in the target pest, and potential impacts
on biodiversity and Human health (Dermauw et al., 2013), alternative methods should be
developed. T urticae is very difficult to control with acaricides because most populations
developed resistance to chemical groups after a few years of use (Cranham, Helle, 1985).
In Turkey, Eroglu et al. (2019) were investigated the effects of secondary metabolites
produced by 6 species symbiotic bacteria of the genera Xenorhabdus and Photorhabdus
on different stages of Tetranychus urticae using cell-free bacterial supernatants in Petri
dishes and in pot experiments. The number of living and dead individuals was recorded
at 2, 5 and 7 day post application (dpa) of the cell-free bacterial supernants. Depending
on the bacterial supernatant, mortality in the was less than 4% for eggs, 46-97% for lar-
vae, 30-96% for protonymphs, 41-92% for deutonymphs, 92-100% for adult males and
46-93% for adult females.

The purpose of our research was to evaluate the effectiveness of exposure to secondary
metabolites of live and autoclaved bacterial cultures of the genus Xenorhabdus in labora-
tory conditions and in greenhouses against Tetranychus urticae by spraying these cultures
of experimental mite-infested plants.

MATERIALS AND METHODS

The research was carried out in the Laboratory of Microbiology of the All-Russian Institute of
Plant Protection and in the greenhouses of the Botanical Garden of the Institute of Botany of the
Russian Academy of Sciences in March, April and May 2020 and 2021.

Cultures of symbiotic bacteria Xenorhabdus bovienii and Xenorhabdus nematophila were obtained
indirectly from the nematodes by sampling the haemocoel of Galleria mellonella (L.) (Lepidop-
tera, Pyralidae) larvae of older ages infected by nematodes Steinernema feltiae strain RP18-91 and
Steinernema carpocapsae strain “agriotes” and that stored in distilled water at 5-7°C within two
weeks. The pathogenicity of the two forms of symbiotic bacteria the X. bovienii and X. nematophila
was compared by estimation of LD, following intrahaemocoelic injection of Galleria larvae. The
concentration of cells in shaken, 24 h broth cultures was estimated by use of a counting slide. Each
culture was then serially diluted with sterile Ringer’s solution (Akhurst, 1980).

The initial titer of 1 x 10° was taken as the maximum in the experiments. The concentration of
bacterial cells with a titer of 1 x 10”and 1 x 10° was obtained by diluting the culture liquid with
a titer of 1 x 108 with sterile water. Part of the resulting culture liquids were autoclaved at a tem-
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perature of 121°C, pressure of 1 atmosphere for 30 min. As known, symbiotic bacteria of the genus
Xenorhabdus produce both heat-labile and heat-stabile toxins, enzymes and antimicrobials. Their
heat-stabile components are active after heat sterilization and can be used against different species of
bacteria and pests (Inman, Holmes, 2012). In experiments against spider mites, live and autoclaved
bacterial cultures were used in laboratory conditions and in greenhouses.

In the laboratory, the study of the effect of the products of the metabolism of symbiotic bacteria
of entomopathogenic nematodes on the spider mite was carried out according to toxicological methods
(Sukhoruchenko, Ivanova, 2013). The laboratory population of the spider mate was maintained in
cages on bean plants (Phaseolus vulgaris) at a temperature of 22-24°C, relative humidity of 65-70%,
photoperiod of L18: D6. The beans for the experiments were grown on water in glass jars with
a volume of 0.5 I, closed with plastic lids with holes where the bean sprouts were inserted. Then
the plants of bean with a height of 9-10 cm with roots and one leaf were placed in conical cones
with a volume of 100 ml. Before the experiments, 20 or 25 female mites were placed on the leaf
with a soft brush (depending on the size of the leaf) 2 hours before they are treated with bacterial
preparations, so that the mites on the leaf began to feed. The number of mites on the leaf of bean
in each experiment was the same. Then the plants with the mites were removed from the cone,
carefully dipped in solutions of live or autoclaved bacterial culture with titers 1 x 10% or 1 x 107 for
3 seconds, allowed to drain excess moisture and placed back in the cones. Cones with mite-infested
plants were placed on pallets with water to avoid their migration from one plant to another and kept
under the above conditions of temperature, humidity and photoperiod. Control plants were dipped
in water. The number of live and dead individuals of mite were recorded at 1, 4, 6 and 8 dpa (day
post application) after reatment with bacterial preparations (Table 1). The replication of each experi-
ment was 4-fold. Before the appearance of the larvae, the number of live females was counted on
the leaf, and after the hatching of the larvae, the total number of individuals was calculated. In the
control, female spider mites laid eggs in Petri dishes and the larvae hatched on the 5th-6th day. Mite
mortality was determined taking into account changes in their number in the control according to the
formula of Henderson and Tilton (1955): E = 100 x (1 — Oe x Cc / On x Cn), where: E — efficiency
expressed as the percentage of pest population reduction adjusted for control;

Oe, Cc - the number of live individuals before processing in the experiment and in the control;

On, Cn — the number of live individuals after processing and in the control, respectively, by the
accounting.

The effect of the live and autoclaved products of the metabolism of symbiotic bacteria
Xenorhabdus bovienii of entomopathogenic nematode Steinernema feltiae with titers 1 x 107and 1 x
108 was also tested against the spider mite in the greenhouses of the Botanical Garden of the Botani-
cal Institute of the Russian Academy of Sciences (St Petersburg) 3.05-10.05.2020, 30.03-7.04 and
12.05-20.05 2021 (Tables 2, 3). In the Leningrad region, the spider mite develops in 8-10 genera-
tions per year. With a decrease in the duration of the daylight less than 16 hours fertilized female
spider mites enter winter diapause, which is observed in St Petersburg since the beginning of August.
Overwintered females appear on plants in early May when the air temperature rises above 12-14°C,
feed and lay eggs among the cobwebs on the underside of the leaves. In other words, during the first

period of experiments on plant protection from spider mite at the end of March — the first decade
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of April, when an air temperature in greenhouses was of 19-21°C, overwintered females during the
egg laying period were dominated. Females lay eggs for 15-20 days. The development from an egg
to an adult takes about from 7 to 20 days, depending on the air temperature. During the second pe-
riod of experiments (12-20.05) at an air temperature in greenhouses of 28-32°C, all stages of spider
mite development (eggs, larvae, protonymphs, deutonymphs and adults) were presented. Spraying
of experimental mite-infested plants was carried out with manual sprayers Marolex Profession, 5 I.
The experimental plants were represented by trees (Bolusanthus speciosus (Fabaceae), Ziziphus mau-
ritiana (Rhamnaceae)), shrub (Dracaena sanderiana (Asparagaceae)) and perennial marsh grasses
(Pontederia cordata (Pontederiaceae), Thalia geniculata and T. dealbata (Marantaceae)). Experimental
plants were sprayed in two experience options: with metabolic products of live and autoclaved culture
of X. bovienii with titers 1 x 108 and 1 x 107 in 3-fold replication in each option. The consumption
of bacterial cultural liquid for spraying of experimental plants in greenhouses was about 5 | at a titer
of 1 x 108 and 10-15 | at a titer 1 x 10",

The numbers of spider mites were taken into account visually on the leaves of each experimen-
tal plant in ind./leaf in 10-fold replication before spraying and at 4, 6 and 8 dpa of spraying with
bacterial preparations. The mortality of spider mites and the effectiveness of bacterial preparations
against them were determined taking into account changes in their numbers in the control as well
as in the laboratory conditions.

Statistical processing was performed in Microsoft Exel and Sigma Plot 12.0 programs. Biological
efficiency was calculated using the Abbott’s formula (Abbot, 1925), adjusted for control (Fleming,
Retnakan, 1985).

Table 1. Effect of secondary metabolic products of Xenorhabdus bovienii on the mortality of
Tetranychus urticae in laboratory conditions (25 females in 4-fold replication)

_— . The titer Mortality rate of mites after application
Symbiotic bacterium | ¢ o veria) | Bacterial of bacterial culture, %
(entomopathogenic cells culture
nematode) nx mit 1 4 6 8
Xenorhabdus bovienii| 1 x 107 Live 480+£28(820+£20(945+11| 954+0.7
(Steinernema feltiae) | 1 x 105 | (nvivo) | 20420 |330+19|386+28| 61.4+36

1x10" |Autoclaved | 57.0£1.9|89.6+1.2|900+£1.3| 95.1+0.2
1x10° | at 1]%%0 26.0 £2.6 (450 +1.9|60.7+52 | 732+2.9
10 min
Xenorhabdus 1x107 In vivo 50.0+£19|800+28|87.6+£18| 85623
nematophila 1% 10° 13.0+2.5|400+16 |586+1.2 | 624+23
(Steinernema ,
carpocapsae) 1x10 Autoclaved | 25.8+2.3 | 81.0+4.1 | 87.6+2.6| 91.3+2.7
1x10° 10£10 [36.0+28|556+20| 72.6+3.6
LSD, , (titer) 7.8 10.2 11.3 12.8
LSD, , (species of Xenorhabdus, titer 1 x 107) 6.5 4.2 1.6 2.8
T. urticae, control, ind./leaf (dish) 25 25 36.2+0.4"| 133.8+4.9"

Notes. Air temperature 22—-24°C, relative humidity 65-70%, photoperiod L18: D6.
1, 4, 6, 8 — day post application. “females and larvae.
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Table 2. Effect of metabolic products of Xenorhabdus bovienii (titer 1 x 107) of entomopathogenic
nematode (Steinernema feltiae) on the mortality of females Tetranychus urticae in greenhouse
conditions (leaves in 10-fold replication on plants in 3-fold replication)

Number . . _—
of adult Mortality rate of mites after application
) ) mites before of bacterial culture, %
Dates, plants, bacterial culture, titer treatment,
individuals/ 4 6 8
leaf

3-10.05.2020
Bolusanthus speciosus, 1x108 20.0+2.2 56.6 +2.5 84.4+3.2 98.8+0.8
nvivo 1x107 | 201421 | 417434 | 59.7+22 | 88.6+05
T. urticae, control, ind./leaf 19.2+14 20.0+1.8 185+1.6 194+1.2
Ziziphus mauritiana, 1x 108 194+15 39.1+£32 | 55.6+£5.0 | 90.8+29
autoclaved culture 1x10" | 213+37 | 241+35 | 465+27 | 87.5+28
T. urticae, control, ind./leaf 18.7+13 19016 215+15 234+1.2
LSD, ,, (in vivo and autoclaved culture) 8.5 4.6 3.8
LSD,, (titer) 6.8 7.5 4.2
30.03-8.04.2021 (females), 1 x 107, in vivo
Bolusanthus speciosus (Fabaceae) 195+16 55.1+35 | 86.2+43 | 99.0+£22
T. urticae, control, ind./leaf 185+1.2 23221 25423 28.6 3.2
Ziziphus mauritiana (Rhamnaceae) 223120 543+30 | 856+22 | 989106
T urticae, control, ind./leaf 19.0+2.0 20018 | 215+19 | 24618

Ground floor 201+20 428+3.1 59.7+ 2.8 84.1+15
Dracaena sanderiana | gy oo 233+21 | 51.9+42 | 652+3.1 | 88.0+08
(Asparagaceae)

Second floor 26.4+23 545+4.2 69.7 £ 3.8 90.2+1.3
T. urticae, control, ind./leaf 23.2 201+14 | 166+12 | 173+15
LSD, ,, (Dracaena sanderiana) (floors) 25 6.3 4.5 2.8
30.03-8.04.2021 (females), 1 x 107, autoclaved culture
Pontederia cordata (Potenderiaceae) 214+21 436+33 | 470+24 | 87.8+28
T urticae, control, ind./leaf 15.3+15 16.8+1.5 185+1.2 189+1.0
Thalia geniculata (Marantaceae) 151+0.7 42742 | 470+x44 | 814+£35
T. urticae, control, ind./leaf 15.0+0.9 165+12 | 176+08 | 189+13
Thalia dealbata 124+0.8 40.3+£26 | 56.4+35 90.1+4.2
T urticae, control, ind./leaf 152+1.1 16.3+1.3 17.8+1.0 19.7+1.4
LSD, s (plants sprayed with bacterial culture) 15 4.2 3.9

Notes. Peter the Great Botanical Garden, St. Petersburg, air temperature 19-21°C,

relative humidity 85-90%. 4, 6, 8 — day post application.
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Statistical analyses. Analysis of variance (ANOVA) was used to assess effect of trial to deter-
mine whether there were significant differences between the experiment repeats (P < 0.05). Data are

presented as means + standard error and least significant difference (LSD, ). Any difference between

0.05
means larger than the LSD is considered a significant result.

RESULTS

The effect of the live and autoclaved metabolic products of symbiotic bacteria
Xenorhabdus bovienii and X. nematophilus entomopathogenic nematodes, respectively,
Steinernema feltiae, and S. carpocapsae on the death (%) of the common spider mite
(Tetranychus urticae Koch) depending on the titer of bacterial cells (1 x 108 1 x 107 and
1 x 10%) and the exposure time (days). 1, 4, 6 and 8 dpa in laboratory and greenhouses
have been investigated (Tables 1-3). In general, the mortality rate of mites with an increase
in the titer of bacterial cells in the corresponding culture fluids, as well as with an increase
in the exposure time (days). At the same time, the mortality rate of females and mite larvae
significantly increased in two bacterial species (X. bovienii and X. nematophilus) with an
increase in the exposure time (days).

In laboratory conditions, the highest mortality rates were observed in X. bovienii bac-
teria at 6 and 8 dpa with a titer of 1 x 107 culture fluid (about 95%). The mortality
mites at 8 dpa in options with live and autoclaved culture fluid with a titer of 1 x 107 in
X. bovienii was almost the same, but in X. nematophilus it was 5.7% higher in autoclaved
culture fluid. At 8 dpa, the efficacy of the live and autoclaved metabolic products of the
bacteria Xenorhabdites bovienii and X. nematophilus against the spider mite with a titer of
1 x 10° was lower compared to the culture with a titer of 1 x 107, respectively, by 1.3-1.6
and 1.3-1.4 times. Means of mortality rate of mites after application of bacterial culture (%)
of Xenorhabdus bovienii and X. nematophila at titer 1 x 107 larger than the least significant
difference is considered a significant result (Table 1). The relationship between the mortality
of spider mites (%) and the exposure time (days) to bacterial metabolism products most
reliably reflects mainly by the polynomial dependence with the accuracy of approximation
0.95-1.0 (Figs 1, 2). The maximum mortality of spider mites occurs the faster the higher
the concentration of metabolic products of live cultures X. bovienii and X. nematophila in
the preparation, in at a titer of 1 x 107 respectively on 8 and 6 dpa and autoclaved culture
on 8 dpa in both species of bacteria, and at a titer of 1 x 10° more than 8 dpa later.

In the greenhouse in the first decade of May 2020, the effectiveness of the bacterial
metabolic products of X. bovienii against spider mite was highest in experiments with live
culture with a titer of 1 x 108 (Table 2). In experiments with an autoclaved culture with
a titer of 1 x 108 at 8 dpa, it decreased by 8%, and with a titer of 1 x 107 by 1.1% com-
pared with a live culture of X. bovienii. The average mortality rates of spider mites (%)
after using live and autoclaved bacterial cultures of X. bovienii, with their titers of 1 x 107
and 1 x 10° exceed the least significant difference (LSD), which are considered a significant
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Figure 1. Efficiency of secondary metabolic products of Xenorhabdus bovienii
on the mortality of Tetranychus urticae in laboratory conditions, %: dpa — day post application,
R — the accuracy coefficient of the approximation.
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Figure 2. Efficiency of secondary metabolic products of Xenorhabdus nematophila
on the mortality of Tetranychus urticae in laboratory conditions, %: dpa — day post application,
R — the accuracy coefficient of the approximation.
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result (Table 2). Similar experimental results were also obtained against overwintered fe-
males by the influence of the plant species on mite mortality at the end of March early
April 2021. The floor arrangement of plants in the greenhouse also influenced the effec-
tiveness of bacterial metabolism products against spider mites. In experiments with live
culture fluid of X. bovienii with a titer of 1 x 107, the mortality rate of spider mites on
leaves of shrub Dracaena sanderiana at 8 dpa was about 84% on the ground floor, 88%
on the first and 90% on the second floor (Table 2). In the second decade of May 2021 the
overall efficacy of the bacterial metabolic products of X. bovienii (in vivo, titer 1 x 107)
against adults, larvae and nymphs of 7. urticae on the leaves of perennial marsh grasses
(Potenderia cordata, Thalia geniculata and T. dealbata) was about 98-99% (Table 3).

Table 3. Effect of metabolic products of Xenorhabdus bovienii (in vivo, titer 1 x 107)
of entomopathogenic nematode (Steinernema feltiae) on the mortality of Tetranychus urticae
in greenhouse conditions (leaves in 10-fold replication on plants in 3-fold replication)

Composition of spioder Number Mortality rate of mites
Dlant mite populations, % of mites before after a_pplication
Larvae treatment, of bacterial culture, %
Adults and nymphs ind./leaf 2 6 )
Pontederia cordata | 50 50 6.7+0.8 62.4+49|87.8+3.4]99.1+£0.9
Thalia dealbata 100 0 9.2+0.9 58.3+54(802+35(983+1.1
Thalia geniculata 60 40 92+12 532+50(73.8+6.0(98.0+14
Average 70 30 84+1.0 58.0+51(80.6+43|985+1.1

Notes. Peter the Great Botanical Garden, St. Petersburg, date of the experiment
12.05-20.05.2021, air temperature 28-32°C, relative humidity 85-90%. 4, 6, 8 — day post application.

DISCUSSION

In the world practice, symbiotic bacterial-parasitic complexes of invasive larvae of the
genus Steinernema and bacteria of the genus Xenorhabdus are widely used in the biologi-
cal protection of agricultural crops mainly from soil insect pests and root-knot nematodes
of the genus Meloidogyne in greenhouses and in the field (Lee, 2009; Lewis et al., 2001;
Perez, Lewis, 2002; Lacey, Georgis, 2012 and others). Two biological preparations (Ento-
nem and Nemabact) based on entomopathogenic nematodes and their symbiotic bacteria
against insect pests were obtained and found practical application in Russia. They were
included in the State Catalog of Pesticides and Agrochemicals Approved for Use on the
territory of the Russian Federation (Kaplin, 2012).

Bacteria of the genus Xenorhabdus, when cultivated, form a large number of second-
ary mainly protein toxic metabolites against other microorganisms, soil nematodes, insects
and spider mite Tetranychus urticae. Currently, live cultures are obtained in laboratories,
as well as autoclaving culture at 121°C for 10 min and cell-free supernatants obtained by
centrifuging cultures at 4°C for 15 min. They are widely tested in many countries in labo-
ratories in Petri dishes and pots against pests and plant diseases. We have investigated the
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effectiveness of exposure to secondary metabolites of live and autoclaved bacterial cultures
of the genus Xenorhabdus in laboratory conditions and for the first time in greenhouses
against 7. urticae by spraying these cultures of experimental mite-infested plants.

CONCLUSION

In our laboratory investigations, the highest mortality rates of spider mites were ob-
served in in experiments with X. bovienii at 8 dpa with a titer of 1 x 107 culture fluid
(about 95%). The mortality mites at 8 dpa in experiments with live and autoclaved culture
with a titer of 1 x 107 in X. bovienii was almost the same, but in X. nematophila it was
slightly higher in vitro. After 8 dpa, the efficacy of the live and autoclaved metabolic
products of Xenorhabdites bovienii and X. nematophilus against the spider mite with a
titer of 1 x 10° was about 1.4 times lower compared to the culture with a titer of 1 x 107.

In the greenhouses, the effectiveness of the bacterial metabolic products of X. bovienii
against spider mite was highest in experiments with live culture with a titer of 1 x 108,
The efficiency of an autoclaved culture with a titer of 10® was 8%, and with a titer of
107 about 1% lower than in experiments with live culture. This was probably due to the
negative effect of culture autoclaving at 121°C on the stability of some peptide secondary
metabolites of the bacterium Xenorhabdus bovienii. In experiments with live culture of
X. bovienii with a titer of 1 x 107 (in vivo) the mortality rate of spider mites on leaves of
shrub Dracaena sanderiana at 8 dpa increased from 84% on the ground floor to 88% on
the first floor and to 90% on the second floor. The overall efficacy of the bacterial meta-
bolic products of X. bovienii (in vivo, titer 1 x 107) against adults, larvae and nymphs of
T. urticae on the leaves of perennial marsh grasses (Potenderia cordata, Thalia geniculata
and 7. dealbata) was about 98-99%.
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AKAPUIIMJHOE BJIMAHWUE BTOPUYHBIX METABOJIMTOB
CUMBUOTUYECKNUX BAKTEPUN XENORHABDUS BOVIENII N X. NEMATOPHILA
OHTOMOITATOI'EHHBIX HEMATO/[ HA TTAYTUHHOI'O KJIEHIA
TETRANYCHUS URTICAE (TROMBIDIFORMES, TETRANYCHIDAE)

JI. T. larmumnos, I. I1. Banosa, B. I. Kammmna, E. A. Bapdonomeepa

KaroueBbie ciioBa: Steinernema, xxuBasi 0akTepHanbHas KylbTypa, aBTOKJIaBHPOBaH-
Hasl KyJbTypa, JabopaTopHbIEe YCIOBHS, TEILUIUIBI, TOKCHYHBIE BTOPHUYHBIE METAOOIHUTHI,
3¢ GEKTHBHOCTH

PE3IOME

B maGopaTopHBIX yCIOBHUSIX caMble BBICOKHE TTOKa3aTeNll CMEPTHOCTH Tetranychus urticae mocne
MIPUMEHEHHST MPOAYKTOB METaboIM3Ma CUMONOTHIECKNX Oakrepuii ¢ TuTpom 1 % 107 HaGmomanuch
y Xenorhabdus bovienii Ha 6—8-ii ieHb B ONBITE C XUBOW M Ha 8-i JIeHb C aBTOKJIABHPOBAHHO
KyJIBTypaJbHON JKUIKOCTBIO (0Kolo 95%). B skcrieprMeHTax ¢ )KUBOI M aBTOKJIABUPOBAHHOU KYJIb-
Typoii ¢ Tutpom 1 x 107 cMepTHOCTH Kielel Ha 8-if JieHb mociie mpuMeHeHus y X. bovienii Obuia
TIOYTH OIMHAKOBOM, HO y X. nematophila ona 6bl1a HEMHOTO BBIIIE B OMBITE C ABTOKIABUPOBAHHOI
KynsTypoil. Uepes 8 mHeil mocie mprMeHeHHs IPOIYKThl MeTabonM3Ma JKUBBIX M aBTOKITaBHPOBAHHBIX
Gaxrepuii X. bovienii u X. nematophila poTHB MayTUHHOTO Kiema ¢ THTpoM 1 X 10° GbUIM IpUMepHO
B 1.4 pasa menee 3()peKTUBHbI, YeM aHAIIOTHYHBIE MIPOIYKTHI ¢ THTPOM 1 % 107. B3anMOCBA3b MEKIY
CMEPTHOCTBIO NAayTHHHBIX Kiewel (%) 1 BpeMeHeM BO3ACHCTBHS (IHHU) NMPOAYKTOB OaKTepUaIbHOIO
MeTabonu3mMa Haubosee J0CTOBEPHO OTPAXKAET MOJIMHOMHANIbHASA 3aBUCUMOCTb C TOYHOCTBIO HPUOIIH-
sxenus 0.93-1.0. B remmiax 3¢ dexTuBHOCTS MpOAyKTOB OakTepHanbHOro Meradbonusma X. bovienii
MPOTHB MayTHHHOTO Kjema OblTa CaMOH BBICOKOH B DKCIIEPUMEHTaX C JKUBOH KYIBTYpOH C THTPOM
1 x 108 B skcrepuMeHTax ¢ KUBOM KyiabTypoit X. bovienii ¢ Tutpom 1 x 107 (in vivo) ypoBeHb
CMEPTHOCTH TNAayTHHHBIX KJEHel Ha JHUCThAX KycTapHUKa Dracaena sanderiana Ha 8-# 1eHb mocie
MpUMEHEHUs yBenmnumics ¢ 84% Ha mepBoM dTaxke 10 90% Ha TpeTheM 3Taxke. OOmas 3ddexTs-
HOCTb MPOJYKTOB GakTepraibHOro Merabonusma X. bovienii (in vivo, tutp 1 x 107) npoTuB B3pocCibix
ocobeit, mnunHOK 1 HUM( 7. urticae Ha JUCTHIX MHOTONETHUX OONOTHBIX TpaB (Potenderia cordata,
Thalia geniculata w T. dealbata) cocraBuna okono 98%, X. nematophila — 99%.
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B Cankr-IlerepOypre B Hawane nexabpst 2022 1. npomen ouepenuoit (IV) MesxxyHapoqHbIi mapa-
3UTOJIOTUYECKUI CUMIIO3UYM, OpPraHU30BaHHbIH MUHHMCTEPCTBOM CENBCKOTro Xo3siicTBa Poccuiickoit
@eneparmn, Cankr-IlerepOypreckuM rocynapCTBEHHBIM YHUBEPCUTETOM BETCPHHAPHON MEAUIMHBI,
3oonornyeckuM MHCTUTYTOM Poccuiickoil akagemun Hayk 1 [leTpoBckoil akagemueil HayK U UCKYCCTB.

Ha cummosuyme Obimn 3acimymansl 6onee 100 moKimamoB, MOCBSIIIEHHBIX PA3IMYHBIM aCIEKTaM
TEOPETHYECKON M MPHKIAIHON mapa3uTosioruu. CIeKTp y4acTHHKOB ObUT JOCTaToOuHO MIUpOK. Kpome
yuensIx u3 Poccuiickoit ®enepanny, ObM MpeacTaBIeHs! napasutonoru u3 berxopycenu (6 moxia-
1oB), Apmennu (4 noknana), Asepbaiimkana (3 moknanma), a Takke n3 Kasaxcrana u Pyanmisl. Poc-
CHICKHE Mapa3uTOJIOTH MPECTABISUIN TIPAKTHYECKH Bce pernoHsl Poccuiickoit denepannu (kpome
Canxr-IletepOypra 1 MockBbl, B CUMIIO3UyMe NPHUHSUIN yyacTue yueHsle u3 Ilckosa, SIkyTcka, Yinan-
VYo, Boponexa, Kemeposo, [lerpo3zaBoncka, ExarepunOypra, CraBpomnons, Tromenn, Kanuauarpana,
PocroBa, Open0ypra, Ps3ann, Mypmancka, [Tepmu, VokeBcka, Monueropcka, Koctpomsl, PoctoBa-
Ha-/lony, Cypryra, Bonorasr, HoBocubupcka u Tomcka).

KoaroueBsie ciroBa: napasutosorus, cummosuyM, Cankr-IlerepOypr
DOI: 10.31857/S0031184723010076; EDN: FKEBOB

CHUMIO3MyM OTpPBUICS MPHUBETCTBUAMH ydacTHHKaM oT uMeHn Caskt-IlerepOyprckoro
YHUBEPCHUTETA BETCPUHAPHON MEIHIIUHBI (DEKTOP YHHBEPCUTETA, WICH-KOppecnoHaeHT PAH,
JIOKTOp BeTepuHapHbIX Hayk mpod. K.B. ITnemsimor), MOCKOBCKOI TOCyIapCTBEHHON akKa-
JIEMHUH BETEPHHAPHOIN MenuIHbl U ouotexHomornu uMm. K.M. Ckpsbuna (3aB. kadempoit

Mapa3uTONIOTUN U CaHUTApHO-BETEPUHAPHON 3KcrepTu3sl, akageMuk PAH, nokrtop Bete-
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puHapHBIX Hayk, npod. @.U. Bacunesnu), 3oomornueckoro uHcTuTyTa PAH (Hay4uHBIN
pykoBoauTenb 3oonorudeckoro nHCTUTyT PAH, akanemuk PAH, nokrop Omonormieckux
Hayk O.H. Ilyraue), Boenno-Menuuunckoit akagemun um. C.M. Kuposa (unen-xkopp. PAH,
mpo¢. A.B. l1BaHOB).

Co BCTYNUTENBHBIM CIOBOM BBICTYNHJIA OPTaHU3aTOp cUMIO3uyMma, 3aB. Kadenpoit
napasutonorun uM. B.JI. SlkumoBa Cankr-IleTepOyprckoro yHuBepcHTETa BETCpHHAPHON
MEIUIMHEI, TOKTop Omonornyeckux Hayk JI.M. bemnoga.

[Inenapuoe 3acemanne npomomkuiock nokianom M.A. KyteipeBa (MuCTHTYT 0OMICi
n skcnepumMenTanbHol Ononorun CO PAH) «MonekyssipHble U KJIETOYHBIE OCHOBBI B3au-
MOOTHOIIECHUH Mapa3uTOB M MMMYHHON CHCTEMBI MX X035€B: (D)yHIaMEHTAJIbHBIE OCHOBBI
U MOMCK MPHUPOJHBIX UMMYHOPETYIATOPOB AJIs BETEPUHAPUH U MEAULUHBI». B noxiane
OBUTH PACCMOTPEHBI UIMMYHOPETY/ISATOPHI, BBIICICHHBIC B X0€ KOMIUICKCHOTO MCCICAOBAHUS
MOp]OPyHKIIMOHATBHBIX 1 OMOXUMHUYECKUX ACTIEKTOB aJlaNTally IIEPOLEPKONIOB LIECTON
K BO3JICHCTBHIO UMMYHHOW CHCTEMBI UX XO351CB — PhIO.

Axanemnk PAH, mpod. C.B. Enrames, renepansusiii aupexrop HBI «Arposer3ammu-
Ta» (IJIAaBHOTO CIIOHCOpA CHMIIO3MyMa) NpencTaBmwil (GuiibM, B KOTOPOM OBLIO paccKazaHo
1 TI0Ka3aHO COBPEMEHHOE MPOMU3BOJCTBO BETEPUHAPHBIX MIPENApaTOB, PACCKa3aHa UCTOPHS
OpraHM3aIK OT HEOOJBIION TabopaTopruy IO COBPEMEHHOTO HayYHOTO IICHTPA.

IIpod. P.T. Cadpuynun (BHUU dyHmaMeHTaNbHOW U HMPHUKIATHON MapasUTOJOTHH
JKUBOTHBIX W pacteHuit — pmmman ®T'BHY ®HI] BUGB PAH mm. K.U. Ckpsbuna u
S1.P. KoBanienko) B noknane «llapa3urapHbie mpoOiieMbl HHJICHKOBOJCTBA HAa MPOMBIIIICH-
HOW ocHOBe B Poccum» pacckazan 00 OCHOBHBIX Mapa3HTapHbBIX 3a00JEBAHUSIX MHICEK,
cpenu 3TUX 3a00JICBaHUIl IIABHYIO POJIb UTPAIOT KOKIMJIMO3bI, BBI3BIBAEMBIC ITapa3UTaMU
pona Eimeria.

3aBepimnach ieHapHas ceccus poxnaaoM npod. C.C. Koznosa (BMA nm. C.M. Ku-
poBa) «DXMHOKOKKO3 — «MUHA 3aMEAJICHHOTO ACHCTBHUSA»: YeM ONACHBI 3XHMHOKOKKH?Y,
B KOTOPOM OBIIM PacCMOTPEHBI TPYAHOCTH PaHHEH IMarHOCTHKHU 3a00JEBaHUS U3-3a OT-
CYTCTBHUSI HMMYHHOH pEaKIMHU 3apa)K€HHOI'O 4YelIOBeKa, a TAKiKe€ COBPEMEHHBbIE METOJbI

6e30mepaioHHOr0 M30aBICHUS OT Iy3bIPUaThIX (DUHH.

Cexnus «'eJIbMHHTO3BI CEJIbCKOX03AHCTBEHHBIX KUBOTHBIX H ITHID)

Jloknazpl ceKnuy ObIIIN MOCBAIIEHB! MPAKTHYECKAM BOIPOCAM B OCHOBHOM BETEpPHHAp-
HOW HampaBiieHHOCTH. HeckoibKo J0KIaq0B Kacaluch MmapasuTapHbIX OoJe3HEeH Jomia-
Jeil. Pe3ynbTaTel 3MHU300TOIOTHYECKOTO MOHHUTOPHUHTA TakUX OoJie3HEH OBLIM TOT0KECHBI
C.B. Enramessim 1 M.JI. HoBak (Ps3anckuii menuuunacknii ynusepcurer). JL.IO. I'as-
puibeBa u JI.M. KokonoBa pacckazaiu o nmpoQuiakTHKe WHBa3HOHHBIX OOJe3HEH Jola-
neit TabynHoro comep:kanus B Skytuu. Ilapasutam nomaznei Ha TeppUTOpUH MOCKBEI U

MockoBcko#t obnactu 66Ut nocesuieH nokian O.A. Ianosoit (BHUUII um. Ckpsiouna),
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a accouMaluy Mapa3uToB XKEIYIOUHO-KMIIEYHOI'O TPAKTa JIOWIAIEH B XO3AHCTBAX Pa3InIHON
(dopmel cobcTBeHHOCTH JICHHHTpackoi obmactu Obutn mccnenoBanbl P.C. CUTHHKOBOM
(CII6 TYBM).

Psn moxiiazoB ObUT TOCBSIIEH OCOOCHHOCTSIM Mapa3uTapHBIX 3a00JIEBAHUI CEIBCKOXO-
3HCTBEHHBIX KUBOTHBIX B Ppa3IMYHbIX pEruoHax Poccun.

A.Bb. Mypomnera n A.1O. Edpemor (KanmnHuHTpaACKHii MHCTUTYT MEPENOATOTOBKA
KaJpoB arpoOu3Heca) pacckasaliyd O TPEMaTo03aX KPYIHOTO W MEJKOI'0 poraroro CKora
B Kammnunarpanckoit oonmactu, B.M. Konecauko (BHUN oBrieBoicTBa M KO30BOACTBA) O3HA-
KOMHJI C 3MN300THYECKOW OOCTaHOBKOW IO MapasuTapHbIM 3a0oneBaHusiM ckora B Cras-
pornonbekoM Kpae. Curyanuio ¢ Gacinosae3oM u TUKPOLENIN030M B Y30eKHCTaHe OCBETHII
B.C. Typumua (CII6 TAY), naHHBIC IO 3XHHOKOKKO3Y CEIBCKOXO3SHCTBCHHBIX YKHBOTHBIX
B CEBEpPHOM 3aypajibe TpHBeia B cBoeM Jjiokiane M.B. Muxaiinos (I'AY Cesepnoro 3aypa-
1bs1, TrOMEHB).

Heckonbko OKIIa0B Kacaluch o0MmunX MpoOaeM MPHUKIAJHON reIbMUHTONIOTHU. B Ka-
YeCcTBE MPUMEPOB MOXKHO IpuBecTH Aokiaansl A.B. 3adbposckoii (CII6 I'YBM) o meTo-
Jlax OIpEEIICHUs] yCTOMYMBOCTH T€IbMHHTOB K aHTUTEIbMUHTHBIM IperapaTaM M 0K
E.C. Kimmogoii (Mxesckast 'CA) u M.D. Mkpruan (CII6 'VYBM) 06 o6cemeHeHHOCTH
TIOYBBI ANHI[AMHU TEIIbMUHTOB.

EnuHcTBeHHBIN A0KIAA 110 NTHLAM ObLT ClieNlaH KOJUIEKTHBOM aBTOPOB M3 MOCKOBCKOM
Axanemuu BerepuHapHOi MeauiuHbl (C.A. Hlemsxosa, H.B Ecaymosa u .M. Ilenumona),
KacaBIIMHCS 3HAONapa3uTo(GayHbl Kyp B JMYHBIX MOICOOHBIX X03siicTBaXx MOCKOBCKOH 00-

JIACTH U Mep OOpHOBI ¢ OCHOBHBIMHU TTapa3UTaMHU.

3acenanne cexiuu «Ilapa3uThl U MepeHOCYNKH-KJIEHIN» OTKPBUIOCH JOKJIAI0M
C.A. JleonoBuua (3UH PAH) «DBousoninoHHOE 3HAYEHHE CTAHOBICHHS aaruu y cam-
LIOB MKCOAOBBIX KiIelel noxcemeiictea Ixodinae». B nokiane Oblia 000CHOBaHA THIIOTE3a
0 BTOPHYHOM xapaktepe adaruu camiioB pora Ixodes, mepeHOCUHKOB OMACHBIX TPAHCMHC-
cUBHBIX HMH(peKuuil. Adarust pa3sBuiiach y paHee MUTABIIMXCS CAMIIOB B XOZIE DBOIIOLHUH,
CHOCOOCTBYSI COXPAHEHHUIO CIIOCOOHOCTH CaMIIOB K HEOJHOKPATHOMY OIUIOZOTBOPEHUIO
TOJIOOHBIX U MHUTAIONIMXCS CaMOK U, TAKUM 00pa3oM, obecriednBasi SBOJIIOLMOHHBIN ycrex
TPYIIIIBL.

B noxnane E.I1. Camoiinosoii u JI.A. I'puropreBoit (3UH PAH) (noxmamuuk E.IT. Ca-
Moiinosa) «[lapasutapHas cucrema Ixodes persulcatus (Ixodinae) — Borrelia garinii — men-
ke miekonutaromue Ha CeBepo-3amnane Poccunm» ObLTO MOKa3aHO, YTO WHGUITMPOBAHUC
OCHOBHOI 4acTH TOJIOIHBIX JINYMHOK M HUM(Q NPOHCXOIUT B Hayaje Ce30Ha aKTUBHOCTU
IoCJIe 3MMOBKH TPH MMTAaHUH HA MEPE3MMOBABIINX WH(OHUIMPOBAHHBIX MPOKOPMUTEISX.
VIMEHHO 3TOT MEpHUOJ ABISIETCS KITIOUEBBIM B IUPKYISANNUN (0OOMEHE MEXy MepeHOCUrKa-
MH U pe3epByapHBIMH XO35€BAMH) M COXPAaHEHHH BO30OyIUTENs B MpUpoAHOM ovare Jlaiim

Goppenro3a Ha ceBepo-3amajne Poccun.
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JBa noxsaza ObIIM MOCBSIIECHBI (hayHE KIIEIIEH-IKTONapa3uTOB I'PBI3YHOB, 3TO 0K
H.A. Hukymunoii (MpkyTckuii arpapHbsiii yausepeuteT uM. A.A. ExxeBckoro) «Coo0mecTBa
Mapa3sUTUYECKUX TaMa30BbIX KJIEIIEH CepbhIX MOJIEBOK HAa Tepputopun Poccum» u coobieHune
rpymnsl aBropoB u3 Cypryrckoro rocynapcrseHHoro ynusepcurera (E.C. Capanynbuesa,
B.I1. Crapukos, O.1O. Bonoauna (noknagunk E.C. CapanynbiieBa) «KkcomoBbie Kienu
KpacHoU moneBku (Myodes rutilis) TaexHOl 1 crenHON 30H FOkHOTO 3aypaibsi».

B noxnane A.M. Hukanoposoii (Kanyxckuii ¢punuan PIAY) «Maremaruyeckoe mojie-
JMPOBAaHHUE SKTOMApa3uToB-KpoBococoB HeuepHozembs PD» Oblna mpeiokena marema-
THYecKasi MOZETb, TO3BOJIAIONIAs TPOrHO3UPOBATh YHCIEHHOCTh KIEHIed B 3aBUCHMOCTHU
OT CPEAHEroJOBbIX TEMIIEPATyp, BIAXKHOCTH, JABICHUS W HEKOTOPBIX APYTHX (aKTOpPOB.
Jloknaz BbI3BaJl MHOXKECTBO BOIPOCOB M 3aMEUaHUIl.

JBa mokmazna ObUTH TOCBSIIEHBI MKCOn0BBIM Kiemam Kapemuun (MuCTHTYT Ononorun
Kapenbckoro nayynoro nenrpa PAH, IlerposaBonck). JI.A. becnsitoBa B nokiane «Yys-
CTBUTEIBHOCTD Kilema [xodes persulcatus K HEKOTOPBIM IITaMMaM 3HTOMOIIATOTCHHBIX
ACKOMHIIETOB: TIPE/IBAPUTEIILHOE MCCIIeIOBaHUE» NOKasana d((PEKTHBHOCTh HCIOJIb30Ba-
HUSI TPEX BHJOB aCKOMHIIETOB, BBI3bIBAIOIIMX rHOenb kiemeil. BnpodyeM, npakruueckoe
3HaUYCHHE HUCIIONB30BAaHMs IPUOOB B KOHTPOJIE YHCICHHOCTH KIICIICH OCTaeTcsi HESICHBIM.
C.B. byrmbipun B noknane «MKcomoBbie KiEHIM U NMEPEHOCHUMbIE UMH MH(PEKIUU 110
JaHHBIM 00paIaeMOCTH HaceleHus B LIeHTp TMTHEHBl M 3MUAEMHOIOTHU B PECITyOiH-
ke Kapenusi» oOprcoBai COBpEMEHHYIO KapTHHY paclpOCTpaHeHHs Kieuled U MHpEKIHui
B peciyOnuke.

E.I. Bonues (banruiickuii genepanbublii yunsepcurer uM. MiMmanyuina Kanra) B 1o-
knazne «VKcoqoBble KIICMINM B aHTPOIOTEHE3MPOBAHHBIX JaHAmadrax KamuauHrpaackon
00JIaCTH M JIETEKIMsl B HUX PUKKETCHH, MAaTOTEHHBIX JJIs YeJIOBEKa» IO0Ka3aj, YTo Xapakrep
pacnpocTpaHeHusl KIELEld CXOIEH C UX paclpeiesieHuEM B COCEIHUX pailloHax EBpormsl,
a YMCJICHHOCTH KJICHIeH B aHTPOIOTCHE3UPOBAHHbBIX paliOHaX JOBOJbHA BHICOKA.

B.B. bemmvenxo (Bcepoccutickuiit HUM sxenepumenTtansHol BetepuHapun uM. K.W. Ckps-
6una u S1.P. KoBanenko) pacckazan o (heHOJIornu MKcomoBbIx Kiemeil Opendyprekoii o0na-
ctu. K coxanenunio, 1okiax He COMPOBOXKAAIICS MPE3eHTANNEH, YTO HECKOIBKO 3aTPYIHSIIO
BOCTIPHSITHE KOJIMYCCTBEHHBIX JAHHBIX.

A.H. lla¢uer npexncrasun pokuaja rpymmnsl apropoB (A.Il. [agpues, A.H. Tokapes,
C.B. Enrames, E.C. Earamesa (CII6I'YBM, Cankr-IletepOypr, 1 MTABM M. CkpsibuHa,
MockBa)) 00 UCIOIb30BaHUM HOBOTO Tpenapara Jleapuua 7,5 npu XOpuonTo3e KpyImHOTo
poraToro ckoTa B X03stiicTBax JIGHWHTpaACKO#l oOlacTH. DTOT OPUTHHAIBHBIN Iperapar,
paszpaboransblii B Poccun, nokasan BhICOKYIO A((EKTHBHOCTh B CPAaBHEHHU C UMITOPTHBIMHU

nIpeniaparaMmu, UCIIOJIB30BAHNE KOTOPBIX B HACTOSAIICEC BPEMSA HAXOAUTCA ITOA CAHKIIUAMMU.

80



Ceknus «IKTONMapa3uThl U NMEePeHOCUYHKH (HAaCeKOMbIe)» OTKPBLIACh JOKIag0M
3aB. jJaboparopuel 1Mo M3ydyeHHUIo mapasutndeckux uneHucroHornx 3MH PAH mpod.
C.I. MenseneBa «Mrtoru n nepcrnekTuBbl u3yueHus (aynsl Onox Poccuu», B KOTOpoMm Ha
OCHOBE OOIIMPHOTO Marepuaia ObIIN BbIIENICHBI HanOOIee pacpoCTPaHEHHbIE BUBL, ITPO-
aHaJM3MPOBaHbl IyTH (OPMUPOBaHKS COBpeMeHHOU (ayHbl 010X Poccum.

M.A. AnmueB (MTABM) 03HaKOMMII ¢ pe3ylbTaTaMi HUCTIONB30BAHUS YITHBIX PETIeIICHT-
HBIX OMPOK ISl 3aIUTHI KPYITHOTO POraTtoro CKOTa OT HamaieHHUsl KPOBOCOCYIINX JIBYKPbI-
neix B FOxHOM (hemepabHOM OKpyTe.

B.B. Aracoii u B.B. IIpokodneB (IIckoBCKHiT TOCYIapCTBEHHBI YHHBEPCUTET) MPE-
CTaBWJIM PEe3yJbTaThl MHOTOJIETHUX HCCIeqoBaHUN n€Ta cienHeil B [IckoBckoil obmactu.
VHTeHCHBHOCTD JI€Ta CIIEMHEH B 1I€IOM MAKCHMaJIbHa BO BTOPOH JIEKa/ie MIONS MIPU CPEIHEH
TeMreparype Bozayxa oT +22 no +25°C u otHocuTenbHOM BiraxkHoctn 50-65%. IloBbI-
LIEHUE TEMIEPaTyphl U BIAKHOCTH MPUBOAUT K CHWKEHHIO aKTMBHOCTH JIETA CIICITHEH.

OCOOEHHOCTSIM PACIPOCTPAaHEHUS IKTONAPA3UTOB M IIEPEHOCUNKOB BO30OyIUTENEH WH-
Ba3MOHHBIX MH(EKIM B pa3iiuyHbIX peruoHax Poccuu ObLIM MOCBSIIEHBI COOOIICHUS
JI.A. I'mazynoBoii (I'AY Cesepnoro 3aypainbst), 3.X. Tepenrsenoii (OpenOyprekuii [AY) n
H.A. Komkunoii (BHUU oneBonctsa u ko3oBonctBa CeBepo—KaBkasckoro ¢enepaibHOrO
arpapHOTO IIEHTpA).

Hoxnan B.H. Kpasuenko, B.I1. CrapukoBa u JI.M. fnbimoBoii (CypryTckuii yHUBEp-
CHUTET) O3HAKOMMJI C HHTEPECHBIMH JAHHBIMU 10 3aPa’KCHHOCTH BIIAMH MBIIIEH-MaIIOTOK
B OxHOM 3aypanbe, IpruueM 3apa’k€HHOCTb OKa3aaach JOBOJIBHO BBICOKOW. MHTepec mpu-
CYTCTBOBABIIUX BBI3Baja KOHCTPYKIIUS JOBYIIEK JJIS MBIIICH-MaIIOTOK, TPBI3YHOB, BEC

KOTOpbIX He mpeBbiaer 10 r

Cexkuust «Ilapa3uTaphble 00JIe3HH IUIOTOSITHBIX M YeJIOBEKA)

Ha cexmum Oy mpescTaBieHb! JOKIa/bl, MOCBSAIICHHBIE NTapa3uTapHEIM 3a00JeBa-
HUSM JOMAIllHUX >KUBOTHBIX (COOAaK M KOIIEK), MpUYeM 0co00e BHUMaHHE ObUIO YAEIEeHO
obWTaTens M MErarnoarcoB. belmn paccMOTpeHBI COBPEMEHHOE COCTOSTHHE (DayHBI TAapa3HTOB
cobak M KoILIeK B OT/eNbHBIX Meramnonucax Poccuiickoit @enepanun (C.B. Konsie, MucTu-
TYT CHCTeMaTHKH W dKojoruu *KuBOTHEIX CO PAH) m mapasutodayHa KOIIEK B MPHIOTAX
Canxr-IlerepOypra (M.B. Xpamuenxosa, CII6 'YBM).

Heckonbko 0K1a70B OBUIO MOCBSIIEHO Mapa3uTo(ayHe MUIOTOSIHBIX, BHIPAIIUBAEMbIX
Ha 3Bepo(epMax, B YaCTHOCTH, OCOOCHHOCTSIM 3IM300TOIOTHH OTOAEKTO3a ITyIIHBIX 3Beper
B 3Bepoxo3siiictBax Teepckoit oonactu (E.b. Pomamoga, CI16 I'YBM) u uccienosanuio
SiiMepuii, Mapa3suTUPYIOMNX B JKEITYI0YHO-KUIIETHOM TPAKTe HOPOK, METOAOM METarcHOM-
Horo anaimuza (FO.E. Kysuenos, CII6 I'YBM). Oco6o omnacHble mapa3uTsl AUKUAX IUIOTO-
SIHBIX SIKYTHM M BO3MOXKHBIC MYTH 3apaKeHHUs YeJOBEKa OBUIM PacCMOTPEHBI B JIOKIIA/IC

JL.M. Koxomogoit u JL.IO. I'aBpunseBoit (Sxyrckuit HUU cenmbckoro xo3siicTsa).
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Ponb MBIIEBUIHBIX TPHI3YHOB B IUPKYJSIIHUU I'eIbMHHTO30B B HeuepHozembe Oblia
orenena B joknaze P.b. Pomamosoii (BopoHexckuii 3aroBe/JHUK), a pacrpoCcTpaHEeHHEe TPH-

MMaHOCOM B J1a00OpaTOPHBIX KOJIOHHSIX XOMSKOBBIX — B noknanae O.I. [laBeimooit (MIABM).

Cexnus «IlapasutapHsblie 00J1e3HU PbIO)

Ha ceknun B OCHOBHOM OBIIIM TPECTABIEHBI JOKJIA/bI, MOCBAIIEHHBIE PETHOHATBHBIM
acIreKTaM MXTHOIAPa3UTOJIOTHH.

B.b. Pomamos (BopoHexckuii 3alOBeTHUK) MPEACTaBIWI JaHHBIE O METalepKapusIx
TpeMarTo]] KaproBbIX PO B MPUPOIHBIX BojoeMax HeuepHosemss, B noxiane A.M. Ho-
Bak (Ps3anckuit IMY mm. IlaBnoBa) ObUTH MPUBEACHBI JTaHHBIE O 3apaKEHHOCTH KapIio-
BBIX PbIO MeTalepKapusIMK Kolllaubeil AByycTKH B PszaHckoii obnactu, 3.A. Cadponees n
JI.M. Koxonoa (Sxyrckuit ientp CO PAH) npuBenu nHTEpECHbIC TaHHBIC O 3apaKCHHOCTH
nensiain B BuirolickoM BOomoXpaHMIIHIIE.

3apaxxenne peid6 duHckoro 3anuBa U JlagoKckoro o3epa JMUMHKAMU CKpeOHEll ObLIo
moIpoOHO paccMoTpeHo B pokiaae B.H. Boponmna (CII6 I'VBM), a mapasutsl MUKCO-
cniopuauii peid Oacceitna o3epa baiikan — B coobmennn M. baryesoii (MHcTHTYT 001ICH
u skcriepuMeHTansHol ononmornu CO PAH).

H.C. BecrnanoBa n3 BopoHeXckoro yHUBEpCUTETa paccMOTpelia OMacHOCTh THAPOOUOH-

TOB KaK UCTOYHHKA 3apaKCHUI moaeﬁ W JKUBOTHBIX MHBA3HOHHBIMU OOJIC3HSMH.

Cekuyst «Ilapa3uThl TUKUX ;KHBOTHBIX)

Ha cexumm ObuTH clieniaHbl HHTEPECHBIE JOKJIAbI MO Mapa3uTaM IUKHAX SKUBOTHBIX, Ha-
npuMep, Takue, Kak HCclieloBaHue dKTornapa3utos ceporo kuta (M.d. BenokoObuibckuii,
BHUMPO), nnn gaHHbBIC 10 3apaKEHHOCTH TeIIbMUHTAMH THKHX JiecHBIX Om30HOB (O.10O. ba-
JIAYEHKOBA).

JlaHHBIC TIO TeTFPMUHOTO(AayHE OIarOpOTHBIX OJCHEH M aNTaiicKOro Mapaja U3 OXOTHH-
ybux Xx03sUcTB TBepckoit obmactu (JI.H. Kysnenos, U133, MockBa) nepekiMKaiiuch co
CBENICHUSAMH 00 OCHOBHBIX mapa3zutax Joceil Ha Koctpomckoii mocepepme (C.H. Kopornena,
Kocrpomckast 'CA) u cubupckux ropusix kozioB (/1.C. Uynpak, CII6 ['YBM).

Omnucanue (ayHbl IKTOMAPAa3UTOB — HKCOIOBBIX Kiemieil — oneHber (epmbl KOxHBIIH
OiixBanpa Kaananarpaackoit odnactu 06110 npuBeseHo B coodmmennu FO.A. Bunorpamosoit

u }0.B. I'mazynoBa (I'AY CeBepHoro 3aypaibs).

B 3aBepmarommii JeHbP CHMIIO3WyMa COCTOSUICSI KOHKYPC HIKOJBHUKOB OHMOIOTHYe-
CKUX KIJIACCOB W CTYJCHTOB MJIAJIINX KYpPCOB MEIHIIMHCKUX, OMOJIOTHUCCKUAX W arpapHBIX
BY3o0B — OGyaymmx mapa3utoioroB. B koHKypce mpuHsUIM ydacTHe 17 YyYEHHMKOB IIKOT U
ruMHa3ui (cpemane obpazoBarenbHbie mkoiel (COLL): 368 (A.S. 'yruna), 703 (Y.B. Kou-
kuna, A.Jl. Kanununa, Y.A. UBanoa, M.E. I'yk, K.A. An6orauuesa, T.M. Muxaiinosa,
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O.U. CamurymmHa, A.K. babypun), 94 (E.P. [lomoxosa), 537 (A.C. 3enenckas), 569 (M.K. lers-
nobpenbko, 11O Kynposo (C.I. Hlapmykora), 641 (JI.A. Bepuna), 532 (E.C. JleOenena,
A.JI. CrenanoBckasi), rumuazuu 610 (A.O. asHoBa, JI.H. buprokosa) u [arunHckoro Jlutest
Ne 3 (O.A. MamikoBuesa) 1 6 CTyIEHTOB.

Kpyrubiii cron « AHHOBAMOHHBIE METOABI H MOAXOABI K aHAJIU3Y Mapa3sHTOJIO-
rHYecKOro Marepuasay kacaics rnpobdiem aunarHoctuku (A.M. Msanos, C.C. Koznos,

C.B. Hlumkanosa, O.A. JlornHOBa) U 3aBepIInI paboTy CHMIIO3UyMa.

Xouercss OTMETUTb, YTO BCE PACXOIBI TT0 TIPOBEACHHUIO CHMIIO3MyMa B35 Ha ce0sl OCHOB-
Ho#t crioHcop — xonauHr ATPOBET3AILIMTA. YyacTHUKY cUMIIO3WyMa HE OIUIAuMBaln
YIICHCKUH B3HOC, KaKABIA pabounii JeHb CHMITO3MyMa BCEM YYaCTHHKaM OBLT IPEIOCTABICH

OecrutatHbIi 00er, Takke OecIIaTHBIM ObUT TPaJUIMOHHBIN TOBAPUILECKUH YXKHH.

IV INTERNATIONAL PARASITOLOGICAL SYMPOSIUM
“MODERN PROBLEMS OF GENERAL AND PRIVATE PARASITOLOGY”
(ST. PETERSBURG, DECEMBER 7-9, 2022)

S. A. Leonovich

Keywords: parasitology, symposium. St. Petersburg

SUMMARY

The fourth regular international parasitological symposium, organized by the Agricultural Ministry
of Russian Federation, St. Petersburg state university of veterinary medicine, Zoological Institute of
the Russian Academy of Sciences, and Peter the First Academy of sciences and arts has been held
in St. Petersburg in early December. More than 100 communications devoted to different aspects
of general and private parasitology were presented. The spectrum of participants was rather wide.
Together with participants from Russian Federation, parasitologists from Belarus (6 communications),
Armenia (4 communications), Azerbaijan (3 communications), and also from Kazakhstan and Rwanda
took part in the symposium. Russian parasitologists represented virtually all the regions of Russian
Federation (together with Moscow and St. Petersburg, colleagues from Pskov, Yakutsk, Ulan-Ude,
Voronezh, Kemerovo, Petrozavodsk, Ekaterinburg, Stavropol, Tumen, Kaliningrad, Rostov, Orenburg,
Ryazan, Murmansk, Perm, Izhevsk, Monchegorsk, Kostroma, Rostov-on-Don, Surgut, Vologda,

Novosibirsk, and Tomsk talked at the symposium.
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27 nexadps 2022 r. Ha 86 roAy JKM3HHM CKOHYANACh BEAYLINI HAyIHBIH COTPYIHHUK
3oomornueckoro nHcTHTyTa PAH, Kananmar 6monornyeckux Hayk, Enena BceBomogoBna
Jybununa.

Emena BeeBononorra Jlyournna pommiacek 12 utonst 1937 . B ropone JleHuHTpaje B ce-
Mb€ U3BECTHBIX YUCHBIX-OHOJIOroB, npodeccopa B.b. [lyounnna u M.H. Jlyoununoii. Eme
B LIKOJIbHBIE TO/BI, M0/ BIMSHUEM POJUTENel OHa yBIEKIach OMOJIOTMel U MO3HAKOMUIIACh
CO MHOTHMH pasfenamu Oymaymiei crerumansHocTd. B1961 1. Enena BceBononoBHa okoH-
ynia buonoro-nouseHHbIH (akynbreT JICHMHIPagCKOTO TOCYAapCTBEHHOTO YHHUBEPCHUTETA
110 CHENNAIBHOCTH 300JI0THSI M B TOM K€ Toy Oblla NPHHATA HA JOJDKHOCTB JIA0OpaHTa
B 3oonornueckuii nactutyT AH CCCP, B KOTOpOM mpopabotana 6onee 60 ner. C 1964
o 1968 r. E.B. /lyoununa oOyuanace B aciupantype 3UH PAH no cnenumansHoCcTH napa-
3uToNiorus ¥ B 1972 romay 3amuTuia KaHIUAATCKYIO TUCCEPTALIMIO TI0 BOJOCSHBIM KIIEIamM
rpei3yHOB CCCP 1 MxX aganrtamusax K XO3sieBaM.
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Hamubonee mmuTensHBINA U TUIONOTBOPHBIN TEepHON HAyIHOH nestensHocTH Enensr Bee-
BOJIOZIOBHBI TTPOTEKaJI B JIAOOPATOpUH MApa3uTONIOTHH, T7ie OHA mpopaboTana Oonee 35 Jer.
C 1999 r. ona mepenura B 1a00paToOpHIo MOJEKYISIPHO-T€HETHYECKOW CHUCTEMATHKH,
a ¢ 2021 . paborasa B 1a00paTOpHH ABOIIOLIMOHHONW TEHOMHUKH.

E.B. JlyOuHuHa — BBICOKOKBAIM(DHUIMPOBAHHBIN CHEIMATUCT-aKapOJIOT, IIMPOKO U3-
BecTHBIH B Poccum m 3a pybexom. O6macTs HayuyHBIX HHTEepecoB Enensr BceBomogoBHE
MHOTOTPAaHHA U HEYKJIOHHO PacIIMpsUIach B MPOIECCE €e HaydHOro pocrta. HadanbHbIA 3Tan
€e HMCCIICIOBaHNH ObIII B OCHOBHOM TOCBSIIIICH M3Y4EHHIO (DayHbI, CHCTEMaTHKH M 3KOJIOTHH
Pa3IMYHBIX TPYII MapasUTHUYECKUX aKapU(POPMHBIX KICHIeH, CBI3aHHBIX C MIICKOTIHTAIO-
LIMMH, — YeCOTOUHBIM, BOJIOCSIHBIM U JEMOJEKO3HbIM. B nanbHeliem ee Hay4dHbIH MHTEpeC
NEePEKIIIOUMIICS Ha «AJUIEPTeHHBIX KIICIIEH» KOMITJIeKca JOMAIlHEH MbLIH, UX BBISBICHUE,
JIMarHOCTUKY W TPO(UIIAKTHKY BBI3bIBAEMBIX MU 3a0oieBanuii. EneHoii BeeBononoBHoM
ObuIH OmyOMMKOBaHBI Oporropa mo «MeToasl H3y4eHUsI U IUarHOCTHKE KIEHIeH Mbun
g genoseka (1977) u «MeTonndeckne peKOMEHAANNM) K UCIIOMHEHHUIO CITY)KOaMu
Camsnnanzopa Cankr-IlerepOypra (1998).

ITocnennee 15 1eT ocHOBHOE HampaBiIeHHUE UCCIEOBAHUIN €€ — HKOJIOTMYEeCKUI MOHU-
TOPHHT MOMYJANI HKCOAOBBIX KJICIIEH, U3yueHHe OHMOopa3Hoo0pa3ns U JUarHOCTHKA BO3-
Oynureneil pa3nUYHBIX PUPOTHOYATOBBIX MH(EKINI, TePEHOCHMBIX HKCOAOBBIMU KIICTIIAMHU.

Hayunoe nacnenme Enenst BeeBonmomoBHBI HacunThiBaeT Oonee 320 HaydHBIX ITyOnmKa-
uui, B ToM gncie 140 Te3nucoB MOKIAnoB, 8 MeTognuecKux Opomrop u MoHorpaduit. [Tox
pyxoBonctBoM E.B. JlyOMHUHOI OBUTH YCIIENITHO 3aIUIICHBI 3 KaHIUIATCKUC TICCEpTaIlHN
u 3 aumuiomHbele padoTel. OHA PyKOBOJMIIA WM OblJIa OCHOBHBIM HCIIOJHUTENEM B 6 Poc-
CHMCKHMX MEXAYHApOIAHBIX MPOEKTax (IpaHTax).

B Teuenne BocbMmu Jiet, ¢ 1988 mo 1996, E.B. JlyOuHMHA OCYIIIECTBIsIIa OTBETCTBEHHYIO
paboty Yuenoro cexperaps 3oomormaeckoro nactutyta PAH. B Hagane 90-x romos Enena
BceBononoBHa sBMIIaCh OTHUM 13 MHUIIMATOPOB CO3/IaHMSI POCCHICKOTO aKapoJIOTHIECKOTO
XKypHasa — Acarina, KOTOpbIid u3gaercst yxxe oosee 30 Jer.

E.B. /lyOnHuHA CHHCKaJla NCKPEHHEE YBa)KCHHE W TOYET CBOMX KOJUIET 10 pabore.

Cgetnas nmamath o Enene BceBonogoBHe HaBcerma COXpaHHUTCS B cepilax ee apy3ei
u xomer!

IN MEMORIAM

DUBININA ELENA VSEVOLODOVNA
12.06.1937-27.12.2022

S. V. Mironov, S. G. Medvedev
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23 HOs0psa 2022 1. Ha 94 TOMY KM3HHM CKOHYAJICS M3BECTHBIM POCCHUHCKUN 300JI0T H
[1apa3uToJIor, cTapednii coTpyaHuK IloasipHOro Hay4HO-MCCIEA0BATENILCKOTO HHCTUTYTA
MOPCKOTO pBIOHOTO X03sHcTBa M okeaHorpaduu um. H.M. Kuunosuua (ITMHPO) Banentun
KenbcueBny MuTeHeB, JOKTOp OMOJIOTHYECKUX HAyK, 3aciIy>KeHHBIH PaOOTHHK PBIOHOTO
xo3siicTBa Poccuiickoit ®enepanuu. Berepan tpyna PO, Mmynpslii HaCTaBHUK MOJIOJEKH.

Banentun KenbcueBmuu ponuics B aepeBHe Brimon, Kuu-T'opogenkoro paiiona Bo-
JIOTOZICKOM 0bmacTu B ceMbe KpecThsiH. Orer, Kenbcuit AnncumoBny Mutenes, paboran
JKIBOTHOBOZIOM B Koitxo3e. Marh, AHHa OCHIIOBHA, — PSAIOBas KOIXO3HMIA. BaneHTHH OBIT
MTOCIICTHUM, JCBSITHIM PEOCHKOM B MHOTOIETHOH ceMbe MHTEHEBBIX.

[Tyres Banentuna KenbcueBnua B HayKy Obu1 HenpocThIM. Ilocie oOydeHust B mikoie
FOHT U CITy’KOBI Ha CTOPOXKEBBIX kopaOisix banruiickoro BM® (mo 1949 r.) oH 3akaHuMBaeT
CPEIHIOIO IIIKOJY, MIOMYTHO OCBOMB HECKOJIBKO pabounx cnenuanbHocTed. B 1952 1. mocTty-

86



naet B [leTpo3aBoackuii TOCYHUBEPCHUTET, a 3aT€M B aCCHCTEHTYPY NpH Kadenpe 300710THH
1 JTapBUHM3MA, T1e accuctuposai npodeccopy C.B. [Turynesckomy B ydeOHOM mporiecce.
[TpoBomml mpakTHYECKHE 3aHSTHS 110 TTAPA3UTOIIOTHH CO CTYJCHTaMH METUIHMHCKOTO (a-
KyJbTETa M 110 300JIOTUM OECHO3BOHOYHBIX CO CTYJACHTaMH OHMOJIOTMYECKOTO OTHEJICHHUSI.
[Monyuwn KBaMpUKAHIO «OHOJIOT-I1APA3UTOIOT.

C 1966 1. m 1o yxona Ha 3acioyeHHbIH oTAbIX Banentun KenbcueBuu pabotan B Ilo-
nsaspaoM HUU mopckoro peronoro xo3siictsa u okeanorpaduu (IIMHPO, . Mypmanck),
Kyza ObUI TIpUITIAIIEH C MecTa cBoeil mpensiaymei padborsl Ha KoHuosepcekoit bnocranimm
[erpo3aBonckoro rocynusepcurera. C tex nop B.K. HaBcerna cBsizan cBoro HAay4YHYIO H
TpynoByto JestenabHocTh ¢ Konbckum Cesepom. B mpenenax MypmaHckoit obnactu uc-
CJICIOBaHUSMU 110 (DayHHUCTHKE, SKOJIOTHH, CUCTEMATHKe, 300reorpadyu U JIpyriuM BOIIPO-
caM MXTHOMNApa3uTOJIOTHH ObUIM OXBa4Y€HBI BCE KPYIHEHIIIME PEKH PEerHoHa, 03epa U BOJO-
xpaHwmmma. M3ydena napasurodayHa BceX MpencTaBUTENeH aOOpUTeHHOW HXTHO(AyHBI
1 UHTPOAYLHpOBaHHON ropOymmm. [Ipudyem nccienoBanus u cOOp MapasuTOIOTUIECKOTO
Marepuasa MpoBOIMIIN HCKIIOYNTEIBHO B MOJIEBBIX KCIEIUIIMOHHBIX ycinoBusx. CoOpaH-
HBI OOLIMPHBIA Marepuai rno3posiwil Banentnny KeibcueBudy MOArOTOBUTH U 3alUTUTH
kanunarckyro (1973 r., locaHUOPX, Jlenunrpan) «Ilapazutodayna pelid npecHOBOIHBIX
BosoeMoB Kosbckoro momyoctpoBay u okTopekyio (2000 ., MI'Y um. M.B. JlomoHOCOB2)
«ITapasutsr peid Komsckoro Cesepa» mucceprannu. Hecomuenno, B.K. sBrsncs ogaum nx
BEAYIIUX CHENUAINCTOB B 00JACTH MXTHONAPA3UTOJIOTHH B Hamel crpane. Ero Bkiman B
M3y4YEeHHUE Mapa3uToB pBIO CyOapKTHUECKMX akBaropuil yHukaieH. B.K. Mutenes xopomo
M3BECTEH OTEYECTBEHHBIM U 3apyOe)HBIM M1apa3uToIoraM Kak aBTOp U COABTOP MHOTOYHC-
neHHbIX (okosio 200) myOnuKanuii, B TOM 4HCIe MEeCTH MOHOrpaduii, 3aTparuBaroIuX aK-
TyaJIbHbIE TPOOJIEMbI HKOJIOTMYECKOI NMapa3uToyoruu pbid B Bojax 3amossipbsi: «Ilapasutsr
pe16 Konbcroro Cesepay (1997), «ITapasutsr kaproBbix pei6 Cyprinidae Komsckoro Cesepa
(dayna, axomorus, 30oreorpadus)» (2000), «Ilapasurudeckre MpoCcTeHIIEe MPECHOBOIHBIX
pr16 Konbckoro Cesepa» (2002), «Ilapasutsr curosix peid Kombckoro Cesepa ((dayHa,
skosorusi, 3ooreorpadus)» (2003), «Ilapasutsl 10coceBbIX ppidO MypMaHCKO# 00macTh»
(1997) (coBmectHO ¢ A.b. KapaceBsiM) u «Ilapa3utsl pei6 BogoemMoB MypmMaHCKoi o0nacTu:
cuctemarndeckuii katanor» (1999) (cosmectno ¢ b.C. lllynsmanom).

Pesynbrarsl ero mccieqoBaHUN BOLUUIH B (hyHIAMEHTAIbHBIE CBOIKH WM ONPENCIUTEIN
mo ¢ayne CCCP (Poccum).

bnaronaps rmy0okuM QyHIaMEHTAJIBHBIM 3HAHMSM W HAyYHOMY a3apTy, YMEHHIO
OTIPEACNIUTh CTPATErHI0 MCCIEA0BAHUN M MOBECTU 3a cO00H COTPYIHHKOB, YIOPCTBY
u neneycrpemieHHoctd, Banentun KenscueBuu co3gan (1973 r.) yHukanbHOE B CBO-
eM pone Ha Kpaiinem CeBepe HaydHOE TMoOIpaseieHue — JadopaTopuio Mapa3uTOIOTUH
pBIO (HBIHE TabOpaTOpHs aKBaKyJABTYPHl U O0Ne3HEH THAPOOHMOHTOB) — (HOPIOCT IKOIIOTO-
Mapa3UTOJIOTHUECKUX PHIOOXO3SIICTBEHHBIX MCCIECIOBAHUN B PErvoHe. 3aJ0KEHBI OCHO-
BbI TUIAHOMEPHBIX Mapa3uTOIOTNYECKUX HCCIIET0BAHNN PECHOBOIHBIX M MPOXOAHBIX PHIO
Cesepo-Bocrounoit dennockanauu (B npeaenax MypmaHckol 00acTH), MOPCKHX IMpPO-
MBICTIOBEIX 00BekTOB bapenueBa n Hopsexckoro mopeil, ceBepHO ATIaHTHKH, YTO OT-
pasuiioch Ha COBPEMEHHOM YPOBHE CTPATerMu M TAaKTHKH JKOJOTO-NAapa3uTONIOTHUECKUX
W TPUKJIAJHBIX UCCIEIOBAaHUNA THAPOONOHTOB CEBEPHOTO PHIOOXO3ANCTBEHHOTO OacceifHa.
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VMest MHOTONIETHUH ONBIT MCCIIEAOBATEIBCKOW M aIMUHUCTPATHBHON padoTsl, B.K.
yaens O0NbIIoe BHUMAaHUE MPO(ECCHOHATBFHON TOATOTOBKE CIICIIHAINCTOB PHIOOX03Si-
CTBCHHOU OTpacid. 31ech, B Ky3HHIIC HAYYHBIX KaIAPOB C OOTaTbIMH TPATUIHSIMH H TI0-
TEHI[UAJIOM, TOJ] €r0 YYTKHM HayYHBIM PYKOBOJCTBOM (hOPMHPOBAIOCH MHUPOBO33PCHUE
MOJIOJIBIX YUEHBIX M CTYICHTOB-IIPAKTUKAHTOB M3 MHOTuX BY30B crpans! (JIenHunrpaackoro,
ITerposaBonckoro, IlepMckoro yHuBepcuTeTOB, KamMHUHTPAICKOTO TEXHUYECKOTO MHCTUTY-
Ta PHIOHOW MPOMBINIICHHOCTH U APYTHX). B co3manHON MM 1abopaTopur mapasuTOIOTHN
BBIPOCITH ¥ BO3MY’KaJIH J[Ba TIOKOJICHUS MCCIICOBATENCH-yICHIKOB, CPEIH KOTOPHIX HBIHE
TPU JOKTOpa W MIECTh KAaHAHIATOB OHOJOTHYCCKUX HAYK, OONBITHHCTBO M3 KOTOPBHIX —
corpynHuku [lonsipHOro MHCTUTYTA.

Banentun KenbcueBny Mutenes, kak UenoBek U YueHblid, 00J1a1an YHUKAIbHOW Xapu3-
Moii. JloOpasi maMsTh, BceoOIiee TyOoKoe yBaKEHHE M YyBCTBO OJIarolapHOCTH HaBCerja
COXpaHITCA B AyIIaX W CEPIIax €r0 YYCHHKOB W KOJJIeT-TIapa3uTONIOTOB.

IN MEMORIAM

MITENEV VALENTIN KEL’SIEVICH
03.05.1929-23.11.2022

Editorial Board of «Parazitologia», Society of Parasitologists belongs to the Russian
Academy of Sciences, Staff of the Polar branch of the FSBSI “VNIRO”
(«PINRO named after N.M. Knipovich)
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