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Purpose. To conduct monitoring studies on
the diagnosis of the emerging Carp Edema Virus
in carp farms from different geographical zones
of Ukraine, to investigate the circulation of the
virus in full-system farms and to assess the con-
sequences of infection for different age groups of
carp and other sensitive species.

Methodology. Gill samples of common carp
(C. carpio), koi carp (C. carpio koi), silver and big-
head carp hybrid (H. molitrix x H. nobilis) and
grass carp (C. idella) from 16 regions of Ukraine
were examined for the presence of a specific se-
quence of the CEV virus p4a gene fragment by
nested PCR.

Findings. 34 gill samples from different age
groups of common carp (24), silver and bighead
carp hybrids (7) and grass carp (3) were analyzed.
19 samples from 14 regions of Ukraine were pos-
itive for the virus. Among the positive samples,
clinical signs of the disease, such as gill discolora-
tion, gill tissue necrosis, atypical lethargic behav-
ior and sunken eyes, were present in 11 samples.
When the virus was detected in broodstock, lar-
vae or fry of carp, CEV was almost guaranteed to
retain its presence in older age groups of fish, in-
cluding broodstock individuals. In addition to the
CEV, 4 isolates of the SVCV were identified during
the studies, 3 in common carp and 1 in silver and
bighead carp hybrids. Cyprinid herpesvirus type 3
(CyHV-3) was not identified in any of the analyzed
samples.

Originality. It was shown that the disease
caused by CEV is widespread throughout Ukraine.
The most characteristic signs of the disease are
specific (lethargic) behavior of fish and necrosis of
gill tissue, and the course of infection can also be
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Mema. [lposecmu MOHIiMopuHeosi 0ocsi-
O0MceHHA 3 0ia2HOCMUKU eMepOHeHMHOo20 8ipycy
Carp Edema Virus (CEV) e koponosux 2ocrnodap-
cmeax i3 pi3Hux eeoepagiyHux 30H YKpaiHu, 0o-
cidumu YupKynaayito eipycy 8 nosHocUCMemMHUX
eocnodapcmeax ma ouiHUMuU Hacnioku iHgekyii
01149 pi3HUX BIKOBUX 2Py KOPOMNa ma iHWux 4ym-
nusux sudis.

MemoouKa. 3pasku 3s6ep Kopona 3euyali-
Hoeo (C. carpio), kopona Koi (C. carpio koi), 2ibpu-
da moscmosnobukie (H. molitrix x H. nobilis) ma
6inozo amypa (C. idella) 3 16 obaacmeli YkpaiHu
bynu 0ocnioxeHi Ha Hasg8HICMb crieyugiyHoi rno-
cnidosHocmi ppaemeHma 2eHa pda eipycy CEV
mMemooom 8KnadeHoi [/1P.

Pesynomamu. [lpoaHanizoeaHo 34 3pasKu
3a6ep 8i0 pi3HOBIKOBUX 2pyn Kopona 38u4aliHo20
(24), moscmonobuka (7) ma 6inozo amypa (3).
Mo3umusHUMuU Ha eipyc susasuauce 19 3paskie
i3 14 obnacmeli YkpaiHu. Ceped no3umueHUX
3pasKie, KniHiYHI O3HOKU 30X80PIOBAHHA, MAKi
AK 3MiHa 3a6apeneHHsA 3a6ep, HeKPo3 3a6poesoi
MKAHUHU, Hemurnosa nemapzaiyHa nosediHka ma
3anani o4i, 6yau npucymHi y pub 3 11 3pas3kis.
Mpu suseneHHiI sipycy y NAiOHUKI8, AUYUHOK a60
masekie kopona, CEV npakmu4Ho 2apaHMo8aHo
36epieae c80K0 MNPUCYMHICMb y CMapuwiux 8iKogux
epynax pubu, 8KA4YHO 3 0COBUHAMU pemMoHM-
HO-MamoyHo2o cmada. Okpim sipycy CEV, y xo0i
docnioweHb 6yno ideHmudgpikosaHo 4 izonamu
sipycy eecHAHoI sipemii kopona (SVCV), 3 — y
Koporna ma 1 — y moecmonobuka. B #o0Homy 3
PoaHani3o08aHux 3paskie He byno ideHmupiko-
8aHo sipyc eepnecy 3-2o muny (CyHV-3).

Haykoea Hoeu3Ha. [loKa3aHO, WO 30X80-
prosaHHA, cnpuduHeHe CEV, nowupeHe Ha ecili
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asymptomatic. In addition to common carp and
koi carp, a hybrid of silver carp was also suscep-
tible to the virus, mortality can reach 15-20%. In
full-system carp farms, the CEV virus can be iden-
tified in all age groups of carp during the growing
season. For the first time, a case of CEV infection
has been recorded, which caused significant mor-
tality among ornamental koi carp in Ukraine.

Practical Value. Data on epizootic monitoring
of the emerging CEV and its spread in carp farms
from different geographical zones of Ukraine are
presented. Clinical signs of CEV infection and a
method for diagnosing the virus, which can be
used by specialists to identify the disease, are
described. The virus circulates among different
age groups of carp in full-system farms, therefore
monitoring of the disease should be carried out
at different stages of the production cycle. The
consequences of CEV infection for fish farms are
assessed, the ways of virus transmission and the
reasons for its rapid spread in Ukraine are ana-
lyzed.

Keywords: carp poxvirus, CEV, diagnostics,
Ukraine, disease spread.

PROBLEM STATEMENT
AND ANALYSIS OF LAST
ACHIEVEMENTS AND
PUBLICATIONS

Carp Edema Virus (CEV) or carp pox
virus belongs to the Poxviridae family.
This is a large DNA-containing virus that
causes Koi sleepy disease (KSD or Carp
edema virus disease (CEVD)), which was
first characterized in ornamental koi carp
(Cyprinus carpio koi) [1]. The disease
spreads very quickly in aquaculture and is
now found in carp farms in Europe, Asia
and North America [2-10]. In Ukraine,
CEV was first identified in 2018 in com-
mon carp (Cyprinus carpio), and later in
a hybrid of silver carp and bighead carps
(Hypophthalmichthys molitrix X Hypoph-
thalmichthys nobilis) [11]. Grass carp

mepumopii YkpaiHu. HalixapakmepHiwumu Go2o
03HaKamu € cneyugiyHa (nemapeiuHa) noeeoiu-
Ka pubu ma HeKkpo3 3A6p080I MKAHUHU, MAKOMC
nepebie iHgheKyii moxce bymu 6e3cumnmomHUM.
Okpim 38u4aliHO20 Koporna ma Koporna Koi, 00
8ipycy makxoxc yymausuli 2ibpud mosecmosobu-
Ka, cMmepmHicme moxe cazamu 15-20%. Y nos-
HOCUCMEeMHUX KOpOrosux 20crnodapcmeax 8ipyc
CEV moxe ideHmughikyeamucs y 8cix 8ikosux
2pyn Koporna ynpooosi< ee2emayiliHo20 ce30Hy.
Bnepwe 3aghikcosaHo sunadok CEV-iHgekuyii, aka
CMPUYUHUAG 3HAYHY CMepmHicmeb ceped 0eKopa-
MUBHUX KOponie Koi 8 YKpaiHi.

MpakmuyHa 3Ha4umicme. HasedeHo OaHi
wodo eni300mu4yHo20 MOHIMoOpuHay emep-
dxeHmHozo gipycy CEV ma (o2o nowupeHHs 8
Koporosux 2ocrnodapcmeax i3 pisHUx zeoepa-
iyHUX 30H YKpaiHu. ONUCaHO KAiHIYHIi O3HAKU
CEV-iHgbekyiil ma memod diaeHOCMUuKu s8ipycy,
AKuli moxe b6ymu eukopucmaruli gaxisyamu
0nAa ideHmudgbikayii 3axeoprosaHHsA. [1oKa3aHoO,
W0 8ipyc YUPKYHE ceped pi3HOBIKOBUX 2Py KO-
pona e nosHoOcUCMeMHUX 20cr00apcmaax, momy
MOHIMOpPUH2 3aX80POBAHHA HEObXiOHO Mposo-
oumu Ha pi3HUX emanax 8UPOBHUYO20 YUKIY.
OuiHeHo Hacnidku CEV-iHgeKkyii 019 pubHUUbKUX
2ocnodapcms, NPOaHAni308aHO WAAXU nepeoadi
8ipycy ma npuyuHu (1020 WeUOK020 MoWUpPeHHsA
8 YKpaiHi.

Kntouyoei cnoea: sipyc sicnu kopona, CEV, di-
02HOCMUKQ, MOWUPEHHSA 30X80PIOBAHHSA.

MOCTAHOBKA NMPOBJEMMU
TA AHAJII3 OCTAHHIX
TOCJIPKEHD T MMYBJIKALIII

Carp Edema Virus (CEV), a6o Bi-
pyC BiCM KOpOTa, HAJICKUTh O PONUHH
Poxviridae. Ile Bemukuii JIHK-BmicHuit
BipyC, IO CIPUYMHSE COHHY XBOpPOOy Y
koponoBux (3 anHmi. Koi sleepy disease
— KSD, abo Carp edema virus disease
— CEVD), ska Oyna Breplle oxapakre-
pU30BaHa Yy JEKOPAaTHBHUX KOPOIIB KOi
(Cyprinus carpio koi) [1]. 3axBoproBaHHs
JTy’e MBUIKO MOIITHUPUIIOCS B aKBAKYJIBTYPi
1 Ha CbOTO/IHI 3yCTPIiYa€eThcsAd B KOPOIOBUX
rocriogapcTBax €Bpomnu, Azii Ta [liBHiuHOT
Awmepuku [2-10]. B Vkpaini Bipyc CEV
Oyrno Brepiue inenTugikoraHo B 2018 p. y
kopona 3BuuaitHoro (Cyprinus carpio), a
3rofoM # y ribpuma crpokaroro Ta 6ijo-
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(Ctenopharyngodon idella) and other
cyprinids are also susceptible to the vi-
rus, in which the disease is asymptomat-
ic. [12—-13]. Potential vectors of the virus
may include bleak (Alburnus alburnus),
crucian carp (Carassius carassius), Eu-
ropean perch (Perca fluviatilis), Prussian
carp (Carassius gibelio), roach (Rutilus
rutilus), and tench (7inca tinca) [14].

CEV suppresses immunity and leads to
the development of opportunistic bacterial
infections, as a result of which fish mortali-
ty can reach up to 100% [15—16]. The virus
induces a stress response, increasing corti-
sol and glucose levels in blood plasma, and
modulates the adaptive immune response,
which depends on the level of viral load
and accordingly affects the development
of the disease [17]. In infected fish, the
count of monocytes increases, the count
of lymphocytes decreases, and phagocytic
activity increases [18]. The antiviral im-
mune response of carp is accompanied by
the production of class I interferons (IFN),
activation of cytotoxic cells and synthesis
of antibodies by B cells [19].

The main target organ for CEV is the
gills. The virus causes physiological, im-
munological and metabolic disorders of
the respiratory process, accompanied by
changes in osmotic balance and accumu-
lation of ammonia in the blood [20]. The
virus causes disease in carp in a fairly wide
range of water temperatures, from +2 to
+28°C [21].

HIGHLIGHT OF THE EARLIER
UNRESOLVED PARTS OF THE
GENERAL PROBLEM.
AIM OF THE STUDY

Outbreaks of CEV infection occur un-
der the influence of stress factors, such as
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ro ToBcTONOOUKIB (Hypophthalmichthys
molitrix x Hypophthalmichthys nobilis)
[11]. Jlo Bipycy Takox YyTIMBUM OLTHI
amyp (Ctenopharyngodon idella) Ta iHun
KOPOITIOBi, y SIKUX 3aXBOPIOBAHHS IPOXO-
nuth 0e3 cumnromiB [12—13]. ToreHmiii-
HUMH BEKTOpaMH BIpyCy MOXYTh OyTH
BEpXOBOJIKa 3BuYaiiHa (A/burnus alburnus),
kapace (Carassius carassius), OKyHb €B-
poneiicekuit  (Perca fluviatilis), xapach
cpiomsictuit  (Carassius  gibelio), miTka
(Rutilus rutilus) Ta man (Tinca tinca) [14].

CEV npurHiuye iMyHITET i TPU3BOIUTH
JI0 PO3BHUTKY OIOPTYHICTHYHMX OaKTepi-
aJbHUX 1H(QEKI — SK HACIIJIOK, CMEpT-
HiCTh pubu Moxe caratu ao 100% [15-
16]. Bipyc iHIyKye CTpPECOBY peakKIlifo,
IABUIYIOYH PIBEHb KOPTU3O0IY Ta IIFOKO-
3| B IJ1a3Mi KPOBI, Ta MOAYJIIOE aalITHBHY
IMYHHY BiJITIOBi/ib, 5IKa 3QJICXKUTH Bifl piBHS
BipyCHOTO HaBaHTa)XCHHS Ta, BIJIMOBIIHO,
BILJIMBA€ HA PO3BUTOK 3aXBOpIOBaHH: [17].
VY iH(pikoBaHOT pUOH 30UTBIIYETHCS Kib-
KiCTb MOHOILIUTIB, 3MEHIIYETbCS KITBKICTh
JTMQOIUTIB Ta MOCHITIOETHCS (parorurap-
Ha akTUBHICTS [ 18]. [IpoTuBipycHa iMyHHa
BIJINIOBIJIb KOpOIIA CYNPOBOIKYETHCS BH-
pobnennsm intepdeponis I kmacy (IFN),
AKTUBALIECI0 IUTOTOKCHUYHUX KIITUH Ta
CHUHTE30M aHTHUTLI B-kititunamu [19].

OCHOBHHM OpraHOM-MIIlIEHHIO IS Bi-
pycy CEV e 3s6pa. Bipyc cpuuunse ¢i-
310JIOT1YHI, IMYHOJIOTIYHI Ta MeTabOoIvHI
MOPYILEHHS AUXaTBHOTO MPOIIECY, 110

CYIIPOBOIKYETHCS 3MiHAMH OCMOTHY-
HOro 0ajaHCy Ta HAKOMUYCHHSIM aMiaky
B KpoBi [20]. Bipyc cnpuumHs€e 3aXBOpro-
BaHHS y KOpOIMa 3a JOCHUTh LIMPOKOTo [i-
amasoHy TeMIlepaTypy BOAM — Bia +2 1o
+28°C [21].

BUAIVIEHHSA HEBUPIINEHUX
PAHIIIE YACTHUH 3ATAJIBHOI
INPOBJIEMU. META POBOTH

Cnanaxu CEV-iHdekuii BinOyBaroTbcs
3a BIUIMBY CTPECOBUX YMHHHKIB, TAKUX SIK
MIPUTHIYEHHS IMYHITETY BHACIiOK 1H]eK-
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suppression of immunity due to infectious
diseases or invasions, feeding fish with
low-quality feeds, unsatisfactory water
and reservoir quality, and non-compliance
with sanitary and veterinary measures.
Questions remain unresolved regarding
the nature of virus transmission, the sus-
ceptibility of different age groups of carp
and other susceptible species to the virus,
the manifestation of acute and latent infec-
tions, and the recording of the highest mor-
tality due to the disease on farms during
the growing season.

The aim of the work was to conduct
monitoring studies on the diagnosis of the
emerging CEV virus in carp farms from
different geographical zones of Ukraine,
to investigate the circulation of the virus
in full-system farms and to assess the con-
sequences of infection for different age
groups of carp and other susceptible spe-
cies grown in polyculture.

MATERIALS AND METHODS

Samples. In 2023-2024, gill samples
were collected from common carp (C. car-
pio), silver and bighead carp hybrid (H.
molitrix x H. nobilis), and grass carp (C.
idella) in domestic carp farms from differ-
ent geographical zones of Ukraine (Table
1). Gills were collected from individu-
al fish into sterile 15 cm?® polypropylene
tubes (CELLSTAR®, Greiner Bio-One)
with cold phosphate-buffered saline (pH
7.4) (Gibco). Fish samples of 0+ (weight
range 25-50 g), 1+ (weight range 250—700
g) and 2+ (weight range 700-2000 g) fish
were pooled (n=5), and samples of larvae
and cyprinid fry were taken in an amount
of 20 ind./pool. The samples were trans-
ported to the laboratory at a temperature
of + 4 to +8°C and preserved for further
research. Samples were tested for the pres-
ence of specific sequences of CEV and
cyprinid herpesvirus type 3 (CyHV-3) us-
ing polymerase chain reaction (PCR). For
the diagnosis of spring viremia virus of

IHHUX 3aXBOPIOBaHb a00 iHBa3id, TOMIBII
pHOM HU3BKOSIKICHUM KOpPMOM, HE3aJ0-
BUTBHOTO CTaHy SIKOCTi BOJHM Ta BOIXONUMH,
HEOTPUMAHHS CaHITapHO-BETCPUHAPHUX
3axoniB. HeBHpilIEHUMH 3aTHINAIOTHCS
MUTaHHS II0J0 XapakTepy Imepenadvi Bi-
pyCy, CHPUHHSTIMBOCTI PI3HUX BIKOBHX
TPyl KOpONa Ta IHIIMX YYTIHBUX BHUJIIB
IO BIpYCY, MMPOSIBY TOCTPOI Ta mepeodiry Jia-
TEHTHOI 1H(eKIi# Ta dikcaii HaO1LIbIIOL
CMEPTHOCTI BHACTIIOK 3aXBOPIOBAHHS Ha
TOCIIOAPCTBAX YIPOIOBXK BEreTaiiHOro
CE30HY.

Mertoro pobotu OyI0 IPOBEAEHHS MO-
HITOPUHTOBUX JOCIIJKCHD 3 TIarHOCTHKH
emepmkeHTHOrO Bipycy CEV B kopornoBux
TOCIOZAPCTBAX 13 PI3HUX TeorpadiuHux
30H YKpaiHH, MOCIHiMKCHHS IMPKYJISLii
BipyCy B IOBHOCHCTEMHHX T'OCIIOIApCTBAX
Ta OI[iHKA HACHIJKIB iH(peKuii A pi3HUX
BIKOBHX TPYyIT KOpONA W 1HIIMX YyTIUBUX
BU/IiB, 110 BUPOUIYIOTHCS B MOJIKYIBTYPi.

MATEPIAJIM TA METOAU

3pa3ku. Y 2023-2024 pp. Oyno 3i0pa-
HO 3pa3ku 3s10ep y Kopoma 3BHYaifHOTO
(C. carpio), ribpuna ToBcTONOOMKIB (H.
molitrix x H. nobilis) Ta 6inoro amypa (C.
idella) y BITUM3HSHUX KOPOIIOBHX T'OCIIO-
JlapcTBax 13 pI3HUX TeorpadiuHuX 30H
VYkpainu (Tabn. 1). 316pa BigOupanu y ok-
peMux puO B CTEPHIIbHI TOJIMPOIIJICHO-
Bi mpobipku («CELLSTAR»®, «Greiner
Bio-One») 06’emom 15 cm® 3 xomomHuM
tdhocdarno-consoBuM Oydepom (pH = 7,4)
(«Gibcoy). 3pa3ku pubu Bikom 0+ (rmiama-
30H Macu — 25-50 1), 1+ (xiama3oH macu
— 250-700 1) ta 2+ (miama3oH MacH —
700-2000 r) o6’ennyBanu y nyn (n=5), a
3pasKdl JMYMHOK Ta MAalbKiB KOPOIIOBHX
BiOMpanu y kinbkocti 20 mr./myn. 3pas-
KH TPaHCIIOPTYBaIH 10 jaboparopii mpu
temnepatypi Big +4 no +8°C ta ¢ikcysa-
T U TONANBIINX JOCTI/DKEHb. 3pa3sKu
Oynu IOCHiKEHI Ha HAsSIBHICTH crienudid-
Hoi nocmigoBHOcTI Bipycy CEV Ta Bipycy
repriecy kopornoBux 3 tuny (CyHV-3) 3a
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carp (SVCV) the cell culture method was
used by studying the collected material on
EPC (Epithelioma Papulosum Cyprini,
ATCC CRL-2872) and FHM (Fathead
minnow, ATCC CCL 42) cells and further
analysis by PCR with cytopathic effect
(CPE) fixation [22].

Nucleic acid extraction. Homogenates
(10%, w/v) of collected samples were used
for total DNA extraction. DNA was puri-
fied using the Quick-DNA™ Miniprep Kit
(Zymo Research) as described in the man-
ufacturer’s protocol for DNA extraction
from tissues. DNA samples were stored for
several days at +4°C and frozen for further
manipulations.

PCR. To identify the CEV virus, nest-
ed PCR was used to amplify the p4a gene
region. PCR was performed in a Peq Star
gradient thermal cycler (PeqLab). The am-
plification program included initial dena-
turation at +95°C for 10 minutes, followed
by 40 cycles of denaturation at +95°C for
30 seconds, primer annealing at +55°C for
30 seconds, synthesis at +68°C for 1 min-
ute, and an additional synthesis cycle at
+68°C for 10 minutes at the end of the pro-
gram. For the first round of nested PCR,
the primers CEV forB 5’-ATGGAGTATC-
CAAAGTACTTAG-3> and CEV revl
5’-CTCTTCACTATTGTGACTTTG-3’
were used. In the second round, the primers
CEV ForB-int 5’-GTTATCAATGAAAT-
TTGTGTATTG-3 and CEV Revl-int
5>-TAGCAAAGTACTACCTCATCC-3’
were used [23]. The reaction mixture with
a total volume of 25 pl included: 12.5 pl of
prepared mix of DNA polymerase, buffer
and ANTP (New England BioLabs), 1 pl
each of forward and reverse primers (Met-
abion), water free from (New England Bi-

JIOTIOMOTOI0  TIOJTIMEPa3HOi  JIAHITIOTOBOL
peaxuii (IIJIP). [lns niarHocTHKM Bipy-
¢y BecHsHOI BipeMii kopoma (SVCV) 0OyB
BUKOPUCTAHUN METOA KYIBTYpH KJIITHH
NUITXOM JTOCITIJDKEHHST 310paHoro mare-
piany Ha kmituHax EPC (Epithelioma
Papulosum Cyprini, ATCC CRL-2872) Ta
FHM (Fathead minnow, ATCC CCL 42) ta
MOJATBIIIOTO aHami3y 3a gornomororo [TJIP
npu ¢ikcanii muromaruunoi aii (LI1I)
[22].

ExcTpakuis HykJIETHOBUX KHCJIOT.
Js excrpaknii 3aranpHOoi JJHK BuKO-
pucroByBaiu romoreHaru (10%, w/v) 3i-
Opanux 3paskiB. JIHK ounmiyBanm 3a mo-
nomororo Habopy Quick-DNA™ Miniprep
Kit («Zymo Research»), sk omucaHo B
MPOTOKOJII BUPOOHMKA IOAO EKCTPaKIii
JHK 3 TtrkanmH. 3pasku JIHK 306epiranu
MPOTATOM KIIBKOX Hi0 mpu TeMmmeparypi
+4°C Ta 3aMOpOXKyBaNIH IS TTONATBIIAX
MaHITyNAIii.

IJIP. JIns imentudikanii Bipycy CEV
BUKOPUCTOBYBAJIM BKJIAAEHY (THI3HOBY)
[UUIP, amrmmidikyroun TUISHKY reHa p4a.
ITJIP mpoBomwiu B TpaJieHTHOMY Tep-
mommkiepi Peq Star («PeqlLaby). Ilpo-
rpama amIutiikarii BKIIIOUasla MOYATKO-
By JcHaTypamito npu +95°C ynpomoBxk
10 xB, a motiM 40 uKIiB AeHaTypamii
npu +95°C — 30 ¢, Biamany npaiimepiB
mpu +55°C — 30 c, cuntesy mpu +68°C
— 1 XB, Ta MOAAaTKOBOTO IMKIY CHHTE-
3y mpu +68°C — 10 XB HampUKiHI Mpo-
rpamu. [nsg mepmoro payHAy BKJIaAE€HOL
ITJIP BukopuctoByBanu npaiimepu CEV
forB  5’-ATGGAGTATCCAAAGTACT-
TAG-3’ ta CEV rev] 5-CTCTTCAC-
TATTGTG ACTTTG-3’. V agpyromy pa-
YHII BHKOpHUCTOByBanu mpaiimepu CEV
ForB-int 5’-GTTATCAATGAAATTTGT-
GTATTG-3" ta CEV Revl-int 5’-TAG-
CAAAGTACTACCTCATCC-3’ [23].
Mo ckmamy peakuiiiHoi cymimii 3araib-
HUM 00’eMoM 25 MK Bxoguau: 12,5 MK
migroropneroro wmikcy 3 JAHK-momime-
pasu, Oydepy Ta THT® («New England
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oLabs) — 8.5 ul and purified DNA — 2 pl.
The amplified reaction products (528 bp in
the 1st round and 478 bp in the 2nd round)
were separated by electrophoresis in a 2%
agarose gel CSL-AG (Cleaver Scientific)
with ethidium bromide (1 pl/ml) (Serva)
in Tris-acetate buffer with EDTA (Cleaver
Scientific) and visualized using a UV tran-
silluminator (Vilber Lourmat). Viral load
results are presented by the identification
of virus-specific DNA in the first or sec-
ond rounds of PCR. Visualization of 528
bp amplicons after the first round of nested
PCR indicated a high concentration of vi-
ral DNA in the original samples, indicating
an acute course of infection. The presence
of amplicons of 478 bp in the 2nd round of
PCR indicated a latent course of infection
or a low to moderate number of viral DNA
copies. Identification of the CyHV-3 virus
was performed using specific primers to
viral ORF89, as previously described [24].

STUDY RESULTS
AND THEIR DISCUSSION

In order to establish the epizootic situ-
ation regarding the CEV virus, monitoring
studies were carried out on individual carp
farms in 16 regions of Ukraine. A total of
34 gill samples were collected from dif-
ferent age groups of common carp (24),
silver and bighead carp hybrids (7), and
grass carp (3). In total, 19 samples from
14 regions of Ukraine (Khmelnytskyi,
Odesa, Mykolaiv, Vinnytsia, Zhytomyr,
Kirovohrad, Cherkasy, Ternopil, Cher-
nivtsi, Rivne, Lviv, Chernihiv, Kyiv, and
Zakarpattia) were tested positive for the
virus (Fig. 1)

The virus was not identified in 15 sam-

BioLabs»), mo 1 Mki mpsmMoro Ta 3BO-
poTHbOrO mpaiimepiB («Metabion»), Boga
ButbHa («New England BioLabs») — 8,5
MK, Ta ounmieHa JJHK — 2 mxn. Awmm-
ni¢ikoBaHI POMYKTH peakmii (528 m.H. y
1-my paynnai Ta 478 m.H. y 2-My payH[i)
PO3IIISUTA 32 JOTIOMOTOIO eNleKTpodopesy
B 2% arapo3nomy remi CSL-AG («Cleaver
Scientificy) i3 OpomucTiM etriem (1 M/
M) («Servay) y Tpuc-anieratHoMy Oydepi
3 EJITA («Cleaver Scientificy) Ta Bi3yasi-
3yBalHd 3a JONOMOror Y®-TpaHciloMi-
Haropa («Vilber Lourmaty). Pesynsratu
BIpyCHOTO HaBaHT@XEHHS IpeACTaBIeH]
imeHTudikamiero Bipyc-cnenugpivnoi JJHK
B mepmoMy abo apyromy payspax ITJIP.
Bigyaumizamisi aMIUTiKoHIB po3mipoM 528
ILH. MICIs Hepuioro payHay BKJIaaeHOl
IUUIP memoHcTpyBania BUCOKY KOHIICHTpA-
uito BipycHoi IHK y BuxigHux 3paskax,
0 CBIAYMIIO MPO TOCTPHUH mepedir iHdek-
uii. HasiBHiCTh amIuTiKOHIB po3mipoM 478
IL.H. y 2-My paynai [TJIP ciguuia npo na-
TEHTHUH nepeoir iHdekii abo npo HU3b-
Ky YM TIOMIpHY KIJIBKICTh KOMiH BIpyCHOI
JHK. Inentuikanito sipycy CyHV-3
MPOBOJIMIIA 32 BHKOPUCTAHHS cCrienu(iv-
HUX IpaitMepiB g0 BipycHoi ORF89, sk
OTIMCAaHO paHime [24].

PE3YJIBTATU JOCJIIXEHb
TA IX OBIOBOPEHHS

I3 MeTor0 BCcTaHOBIEHHS €Mi300THYHOL
cutyarii moao Bipycy CEV Oymm 3mitic-
HEH1 MOHITOPHHIOBI JOCII/PKEHHS Ha OK-
peMuX KOpPOMOBHX TrocmogapcTBax y 16
obmactax Ykpainu. 3aranom Oyno 3i0paHo
34 3pa3ku 350ep BiJ PI3HOBIKOBHX TPYII
Kopora 3BuYaiiHoro (24), ribpuaiB TOB-
crono6uka (7) Ta 6inoro amypa (3). [1o3u-
THBHUMH Ha BipyC BUABWIHCH 19 3pa3kiB
i3 14 oGmacreit Ykpainu (XMenbHHIIBKA,
Ouneceka, MukomnaiBcbka, BiHauieka, JKu-
tomMupchka, KipoBorpanceka, Uepkachka,
Tepuomninbchka, YepHiBernpka, PiBHEH-
cbka, JIbBiBchKa, UepHiriBebka, KuiBcbka
Ta 3akapnarceka) (puc. 1).
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Fig. 1. Geographic distribution of carp pox virus (CEV) isolates isolated from
common carp (C. carpio) and silver and bighead carp hybrids (H. molitrix X H. nobi-
lis) in Ukraine during 2018-2024: regions where the virus was identified are marked

in dark color

ples, including all samples taken from
grass carp, 3 samples from silver and big-
head carp hybrids, and 9 samples of com-
mon carp from 10 regions (Volyn, Rivne,
Lviv, Ivano-Frankivsk, = Khmelnytsk,
Zakarpattia, Zhytomyr, Kyiv, Sumy, and
Cherkasy). The results of studies on virus
identification in farms are presented in Ta-
ble 1.

The virus was detected in different age
groups of common carp and silver and big-
head carp hybrids. The virus was most of-
ten present in samples of age-1+ fish and
marketable age-2+ common carp. Only
three samples of age-0+ common carp
were found to be infected with the CEV
virus. Among the positive samples, clini-
cal signs of disease, such as gill discolora-
tion, gill tissue necrosis, atypical lethargic
behavior, and sunken eyes, were present in
fish from 11 samples. Among them, only in
6 samples of common carp and 10 samples
of silver and bighead carp hybrids, virus
identification occurred in the first round of
nest PCR, which indicated a high virus titer
and the course of an acute viral infection.

VY 15 3paskax Bipyc He OyJ0 iJCHTH-
¢ikoBaHO, B TOMy YMCJIi y BCiX 3pa3Kax,
BiZliOpaHuX y Oinoro amypa, 3-X 3paskax
BiJl riOpuAiB TOBCTOJIOOMKA Ta 9-TH —BiA
koporia 3 10 o6nacreii (BommHchka, PiB-
HeHCbKa, JIbBiBChKa, [BaHO-DpaHKIBCHKa,
XwmenpHUIbKA, 3akaprarchka, JKutomup-
cbka, KuiBcbka, Cymcbka Ta Uepkachbka).
Pesynprate qochipKeHb MIOA0 1MeHTH)I-
KaIii Bipycy B TOCHOAApCTBAax MpPEACTaB-
JieHo B Tabmauni 1.

Bipyc Oyno BUSBICHO Yy Pi3HOBIKOBUX
TPyl Kopora Ta ToBcToioOnka. HaituacTi-
ure Bipyc OyB NpHUCYTHIiH y 3pa3zkax pudbu
BikoM 1+ Ta ToBapHOTO KOpomna 2+. Tiibku
TpH 3pa3Ku IbOTOJITOK Kopomna 0+ BUSBHU-
much iH¢ikoBanuMH BipycoM CEV. Cepen
MO3UTUBHUX 3pa3KiB, KIIHIYHI O3HAKU 3a-
XBOPIOBaHHS, TaKl K 3MiHa 3a0apBICHHS
3s0ep, HEKpOo3 350pOBOi TKAHMHHW, HETH-
MOBa JIeTaprivyHa MOBEIHKA Ta 3araji odi,
Oynu npucyTHi y pu6 i3 11 3paskis. Cepen
HUX JIMIIe y 6-TH 3pa3kiB kopoma ta 10-
ro 3pa3ka TOBCTOJOOMKA ineHTU(IKalis
Bipycy BimOyBanacs B TEpUIOMY payHi
rai3noBoi [JIP, mo cBigumio npo BUCOKHIA
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CARP EDEMA VIRUS — A NEW THREAT TO UKRAINIAN CARP FARMING

However, in 4 carp samples with clinical
signs, the virus was identified only in the
second round of PCR, which may indicate
the onset of the acute stage of infection,
when the virus titer was not yet high.

CEV was identified in 6 common carp
samples and 2 silver and bighead carp hy-
brid samples without clinical signs of dis-
ease, while in one common carp sample the
virus was diagnosed in the first round of
PCR (Table 1). In general, virus identifica-
tion in asymptomatic fish is quite common
because the adaptability of the virus allows
it to remain in a latent state. Moreover, as
our studies have shown, virus identifica-
tion in fish without clinical signs of the
disease can occur in the first round of PCR,
which indicates a significant viral load and
the presence of specific viral DNA in large
quantities. Thus, a correlation between the
presence of clinical signs of disease and
the diagnosis of the virus in the first round
of PCR can be established, but the fact that
asymptomatic fish can have a high titer of
virus is also established. The development
of clinical signs of the disease in fish may
depend on both the condition of the fish
itself and the environment, as well as the
genotype of the virus. In previous monitor-
ing studies conducted during 2018-2022,
we identified 34 virus isolates, 12 of which
had pronounced clinical signs of CEV in-
fection [11]. In most cases, clinical signs
of the disease were associated with the
presence of a virus isolate from genogroup
I (G_I), but sometimes isolates from geno-
group IIb (G_IIb) were also found. In this
work, we did not conduct a study of the nu-
cleotide sequences of the isolated isolates,
therefore their genotype has not yet been
established.

Of the 19 virus-positive samples, 1
sample should be selected, which was
taken from ornamental koi carp (4+). The
outbreak of infection occurred on a private

TUTP Bipycy Ta mepebir roctpoi BipycHOT
in¢exkuii. HaromicTs, y 4 3paskiB kopomna 3
MPUCYTHIMU KIIIHIYHAMH O3HAKaMH Bipyc
Oyno 11eHTU(IKOBAHO TINBKH y IPyromy
paysui ITJIP, mo Moke CBITYUTH PO TIO-
YaTOK IrocTpoi cTafil iHGekuii, KoIu TUTP
Bipycy Iie OYB HEBHCOKHM.

Bipyc CEV 6yno igeHTu(iKOBaHO Y
6-TH 3pa3kax Kopora Ta 2-0X 3pa3kax TOB-
cTonoOuKa 6e3 KIIHIYHUX O3HaK 3aXBOPIO-
BaHHS, TIPH IFOMY y OITHOMY 3pa3Ky KOpo-
Ia BipyC AIaTHOCTYBAIX y IEPIIOMY payH/i
[JIP (nuB. Tabm. 1). 3aranom, ineHTH(iKa-
1is Bipycy y 6e3cUMIITOMHOI pubu BinOyBa-
€TBCSI IOCUTD 9acTO, OCKUIBKH IIPUCTOCOBA-
HICTB BipyCy 103BOJIsI€ floMy mepeOyBaTH B
JareHTHOMY cTaHi. KpiMm Toro, sk mokasaim
Hallll JOCHTi/pKEHHS, ieHTudikamis Bipycy
y pubH 0e3 KIIHIYHAX O3HaK 3aXBOPIOBAH-
HsI MOXKe BiJOyBaTHCS 1 B EPIIOMY payHi
[TJIP, mio CBiMYMTH MPO 3HAYHE BipyCHE Ha-
BaHTA)KEHHS Ta MPUCYTHICTh CHCNU(IUHUX
BipycHux JJHK y Bemukiit kimbkocTi. Takum
YHHOM, KOPEJAIsl MK HasBHICTIO KIIiHIY-
HUX O3HaK 3aXBOPIOBAHHA Ta MiarHOCTH-
KOIO Bipycy B nepuomy paysai ITJIP moxe
OyTH BCTaHOBJICHa, aie (aKT TOTO, IO Y
0e3cMMNTOMHOI pHOM MOXE BUSBUTHCS
BUCOKHH THTP BipYCY, TAKOXX BCTAHOBJIECHO.
PO3BUTOK KJTIHIYHUX O3HAK 3aXBOPIOBAHHS
y puOM MOXKe 3aJIeXaTH K BiJl CTaHy Biac-
He puOM 1 HABKONUIIHBOIO CEPElOBHUINA,
TaK 1 BiJl TCHOTHITYy Bipycy. B momepemHix
MOHITOPUHTOBUX JOCHIPKEHHSX, SIKi MPo-
Bommimcs ynponosx 2018-2022 pp., Hamu
Oyno igeHTH(iKOBaHO 34 i3014TH BipYycCy,
12 3 SKUX BUSIBWIINCS 3 SICKPABO BUpPaXKe-
HUMHU KJIiHiYHUMH o3Hakamu CEV-iHgex-
uii [11]. YV OigbInocTi BUNAAKIB KIIIHIYHI
O3HAaKU 3aXBOPIOBaHHs OyIM MOB’sA3aHi 3
MIPUCYTHICTIO 130JIATY BIpYCY 3 TEHOTPYIH
1 (G_I), ane iHKOMM TPAIUIAIIMCS H 130JI4TH 3
renorpymu IIb (G_IIb). ¥ miit po6oti Mmu He
MPOBOIMIN JIOCHIKEHHS HYKICOTHIHHUX
MOCTTITOBHOCTEH BUIUICHHUX 130JIATIB, TOMY
MIOKU 110 TX T€HOTUII HE BCTAHOBJICHO.

I3 19 mo3uTHBHHMX Ha BIpyC 3pa3KiB
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farm, resulting in a mortality rate of 47%
of ornamental carp (n=27). It is worth not-
ing that in the same water body there were
groups of koi carp and common carp of
different ages, and mortality was observed
only in adult ornamental carp. Clinical
signs of the disease were present in only
a few individuals, and the virus was iden-
tified only in the second round of PCR
(Fig. 2).

This is the first case of CEV infection,
which caused significant mortality among
ornamental koi carp in Ukraine, therefore
it is very important to involve not only
specialized commercial carp farms, but
also aquarium subjects specializing in the
cultivation of ornamental koi carp, in mon-
itoring the virus.

In this study, 7 samples of silver and
bighead carp hybrids were selected and
processed, of which 4 were CEV-posi-
tive. In three cases, mortality was not high
and averaged 5-10%. In one case, SVCV
was identified alongside CEV, which we
believe was the cause of high mortality
in these hybrids, which was 35-40%. A
similar mortality situation was observed
in common carp, and a moderate level of
mortality was observed in fish in which,
together with the CEV virus, the SVCV
virus was also identified (average mor-
tality rate at 20%). The highest mortality
rate of common carp due to CEV infection

M 1

1000bp

500 bp

100 bp

ciix BUAUMTH 1 3pa3ok, skwii OyB Bifi-
OpaHuil BiJ JEKOPaTUBHHUX KOPOIMIB KOi
(4+). Cnanax ingexmii BiIOyBCsS Ha MpH-
BaTHOMY TOCHOAAPCTBi, BHACIIMOK YOro
CMEPTHICTh JICKOPATUBHUX KOPOIIB CKJIa-
na 47% (n=27). BapTto 3a3HauuTH, 110 B
OIHIN BOIOWMMI TiepeOyBaJId Pi3HOBIKOBI
TPYITU KOpOIa KOi Ta KOpora 3BHYaiiHOTO,
a CMEpPTHICTh CIIOCTEPIraJid TIIBKH y JIO-
pocCiIuX OCOOMH JEKOPATHBHUX KOPOIIIB.
KiiHiuHI O3HAaKM 3aXBOPIOBaHHS OyiH
IPUCYTHI JHMIIE y JCKUIBKOX OCOOHH, a
BipycC 1IeHTH(])IKYBaBCS TIJIBKH y APYTOMY
paysni ITIP (puc. 2).

[e mepmmit Bumanok ¢ikcarii CEV-in-
dexIii, sika CIpUYMHWIA 3HAYHY CMEpT-
HICTh Cepell JCKOPaTUBHUX KOPOIIB KOi
B YKpaiHi, TOMy IyXe BaXJIMBUM € 3aly-
YEeHHS 10 TIPOBENICHHS MOHITOPHHTY Bipy-
Cy HE TIIBKH CIelialli30oBaHUX TOBapHUX
KOpOIIOBUX TOCIIONIAPCTB, a W CyO’€KTiB
aKBapiyMICTHKH, 110 CHENialli3yloThcsl Ha
BHPOIIYBaHHI JIEKOPATUBHUX KOPOIIiB KOi.

Y npaHoMmy nocnipkeHHI Oyno Bifi-
OpaHO Ta OmpaIbOBaHO 7 3pa3KiB TiOpH-
IIiB TOBCTOJIOOWKA, 3 SKUX 4 BUABUIHCA
CEV-no3utuBHUMH. Y TpPHOX BHUMAAKaX
CMEPTHICTH Oy/a HEBUCOKOIO 1 CTAaHOBUJIA
B cepennHboMy 5—10%. ¥V onHOMY BUNIAIIKY,
nopyd 3 Bipycom CEV, 6yno inentudiko-
BaHo Bipyc SVCV, sikuii, Ha HaIIy TyMKY,
CTaB MPUYHUHOIO BUCOKOI CMEPTHOCTI TOB-
cronobuka (35-40%). Cxoxa cuTyaris 3i
CMEpTHICTIO cIiocTepiranacs y Kopora:

2 3 4 5 6 7 8

Fig. 2. Identification of CEV in ornamental koi (C. carpio koi) by nested PCR.
The virus was identified in the second round of PCR: the size of the amplicons is

478 bp (© Rud, Yu.)
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was observed in Chernihiv, Ternopil, and
Vinnytsia regions, with mortality of dif-
ferent age groups of which reached 50%
(Table 1).

In addition to CEV, we identified 4 iso-
lates of SVCV, 3 in common carp and 1
in silver and bighead carp hybrids. Cyto-
plasmic herpesvirus 3 (CyHV-3) was not
identified in any of the samples analyzed.

Since CEV infection is temperature-de-
pendent, but the virus can manifest itself at
a very wide range of temperatures, we ana-
lyzed the effect of elevated temperatures
on the course of infection. Mainly in the
summer months, when the water temper-
ature reached 26-28°C, symptoms of the
disease were observed on farms, namely,
cases of common carp mortality with char-
acteristic signs of damage to the gill tissue
and asphyxia (rapid breathing, active ris-
ing to the surface of the water and gasping
for air) were recorded (Figure 3).

It should be noted that the number of
dead fish with characteristic signs of infec-
tion increased significantly when the wa-
ter temperature rose above 25°C. In recent
years, there has been an increase in the av-
erage daily temperature during the summer
months, which required increased control
of the hydrochemical parameters of water

TaK, MOMIPHHUIA piBEHh CMEPTHOCTI CIIO-
cTepiranu y pubH, y sIKoi pa3oM 3 BipycoMm
CEV 6ymno inentugikoano i Bipyc SVCV
(cepenniif TOKa3HUK CMEpPTHOCTI Hepe-
OyBaB Ha piBHi 20%). HaliBumuii piBeHb
cMepTHOCTi Kopoma BHachigok CEV-in-
¢dexmii crmoctepirami B YepHIriBChKil,
TepHominbebKil Ta BiHHUIBKIH 00macTsX,
3aru0enb Pi3HOBIKOBUX TPYIT KOpOTa csra-
na 50% (nuB. Tadm. 1).

Okxkpim Bipycy CEV, B X011 JOCTiIKSHD
Hamu Oyno ifeHTudikoBaHo 4 130J4TH Bi-
pycy SVCV: 3 y xopoma ta 1 y TOBCTO-
nobuka. B jxomHOMY 3 mpoaHai30BaHUX
3pa3kiB He Oylo ineHTH(]IKOBAHO Bipyc
repnecy 3 tumy (CyHV-3).

Ockinbkn CEV-iHQekIiss € TepMosa-
JIXKHOIO, ajie TIPH IIbOMY BipyC MOXe Ipo-
SBJSITUCS. 33 IyXe ITUPOKOTO [iarna3oHy
TEMIIepaTyp, MU TpOaHaTi3yBalld BILTUB
MIJBUINEHUX [TOKa3HUKIB TEMIIEpaTypy Ha
nepebir indekuii. B ocHoBHOMY B JiTHI
MICSAIli, KOJIM TeMIleparypa BOIM csraja
26-28°C, Ha rocriofjapcTBax CHocTepiraau
MIPOSIBH CHMIITOMIB 3aXBOPIOBaHHSI — 30-
KpeMa, BigMmidajucs BUMAAKH CMEPTHOCTI
KOpoma 3 XapaKTepHHMH O3HaKaMH ypa-
JKEHHSI 350poBOi TKaHMHHU Ta ac]ikciero
(IpuCKOpeHe MUXaHHS, aKTUBHE IiTHATTS
IO TIOBEPXHI BOAU Ta XalaHHSI POTOM MO-

BiTps) (puc. 3).

Fig. 3. Characteristic signs of CEV infection in common carp: necrosis of gill

tissue (© Rud, Yu.)
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in fishery reservoirs. First of all, the de-
crease in the level of dissolved oxygen in
the water due to increased air temperature
and insufficient water exchange affects the
general physiological condition of the fish,
which under such conditions experience
stress and, accordingly, the viral infection
can enter an acute period, causing mortal-
ity.

In order to study the circulation of the
virus on a full-system farm, we conducted
a screening on one of the specialized carp
farms, where the virus was first identified
in 2019 [11]. Different age groups of com-
mon carp were studied, namely brood fish
and their eggs and sperm (eggs and sperm
were collected before spawning), larvae
after natural spawning and artificial incu-
bation (at the stages of initial swim blad-
der filling and 10-11 days after hatching,
length 6-11 mm), age-0+, age-1+, age-2+,
and age-3+ fish. The results of the studies
are presented in Table 2.

As the results of the study, the virus
was identified in all age groups through-
out the growing season. The virus was
detected in gill samples taken from dead
brood fish during grading at a time when
fish mortality was observed at 5-10%. The
condition of the fish was unsatisfactory,
the fish did not respond to mechanical ir-
ritations, was Inactive, excessive mucus
secretion was observed on the skin and
gills. Moreover, the causative agent of
chilodonellosis (Chilodonella cyprini) was
discovered, which could affect the condi-
tion of the fish. When examining eggs and
sperm, the virus was not detected, so in
this case, vertical transmission of the virus
was not recorded.

In a study of carp larvae, the virus was
detected in high titer in larvae obtained
through natural spawning. Virus identifi-
cation in the first round of PCR was ac-
companied by high larval mortality, which

3ayBa)XUMO, IO KIUIBKICTh 3aru0ioi
puOHN 3 XapakTepHUMHU O3HAaKaMH iH(eK-
1ii 3HAYHO 301IBITyBAJIACh IPU 3POCTAHHI
Temneparypu Boau noHax 25°C. Ocras-
HIMH POKaMH BiIMI4a€ThCS 30UTBIICHHS
CepeaHbOI000BOT TEMITEPATYPH YIIPOAOBK
JITHIX MICSI[B, III0 BUMAarae ImoCUIECHOTO
KOHTPOJIO TiIPOXIMIYHUX IOKa3HHUKIB Y
puborocrnonapcbkux Boaokmax. Hacawm-
mepen, 3HIKECHHS PIBHSI PO3YMHEHOTO Y
BOMIi KHCHIO Yy 3B’SI3Ky 3 IIJIBHINCHHIM
TEMIIepPaTypH TOBITPs Ta HEMOCTATHIM BO-
JTOOOMIHOM BILIMBA€E Ha 3arajbHHUN (i3io-
JIOTiYHUU CTaH pHOH, sKa 33 TAKUX YMOB
3a3Ha€ CTpecy i, BIAMOBITHO, BipycHa 1H-
(beKIlisi MOXKe TEepPEeXOUTH B TOCTPHI Tie-
PioJ, CIPUYMHSIOYN CMEPTHICTb.

3 METOI0 BUBUECHHS LUPKYIALIl Bipycy
Ha IMIOBHOCHCTEMHOMY TOCTIOAPCTBI HAMHU
OyJ10 TPOBEJIEHO CKPHUHIHT Ha OAHOMY 3i
CIIEIliali30BaHUX TOCHOAAPCTB 13 BHUPO-
IIyBaHHS KOpOIa, HA SKOMY Bipyc BIEp-
mie Oymo imeHTHdikoBaHo y 2019 p. [11].
JlocnipkeHO pi3HOBIKOBI ITPyIH KOpoOIa, a
caMe TUTITHUKH Ta 1XHi CTaTeBi MPOMYKTH
(ikpa Ta MOJOKH, BifiOpaHi mepea Hepe-
CTOM), JIMYMHKH TWiCIs TPUPOIHOTO He-
pecTy Ta IUTy4HOI iHKyOawii (Ha cTamisx
MIOYAaTKOBOTO HAITOBHEHHS IUIABAJIFHOTO
Mmixypa ta 10—11 1116 BiJ BUKIBOBY, TOBKH-
Ha 6—11 mMm), nporomiTku (0+), ABONITKH
(1+4), ToBapHuit Kopor (2+) Ta YOTUPUITIT-
ku (3+). Pesynpraty mpoBeneHHX HOCIHi-
JKEHb TPEACTaBICHO B TaOMUII 2.

SIk mokazanu pe3yasTaTH MPOBEICHUX
JOCTIKEHb, BIpyc 1ICHTUGIKYETbCA Yy
BCIX BIKOBHX TPYIl KOpOIIa yIPOJOBX Be-
retauiifHoro ce3ony. Bipyc Oyno BUsBIEHO
B 3pa3kax 3s10ep, BiIiOpaHuX BiJl 3arHOINX
IUTIIHUKIB 1] Yac TpOBeIeHHS OOHITY-
BaHHA y TOH Yac, KOJNH CIIOCTepiraiach
CMepTHICTh pubu Ha piBHI 5-10%. Cran
pubu OyB He3aJ0BITLHUM, prba He peary-
Bajla Ha MEXaHiYHi mojpa3HeHHs, Oyna He-
aKTHBHA, Ha MIKIipi Ta 350pax crocTepira-
JIM HaJMipHe BuAineHHs ciausy. Kpim toro,
OyJ10 BUSIBJIICHO 30YIHUK XiJOAOHEIHO3Y

309

ISSN-L 2075-1508 FISHERIES SCIENCE OF UKRAINE « Ne 3/2025




CARP EDEMA VIRUS — A NEW THREAT TO UKRAINIAN CARP FARMING

Table 2. Screening for CEV virus in different age groups of carp on a full-system

specialized farm

Samples Date Ifish Cli'nical Mor?a!ity/ PCR 1st | PCR 2st (?ther T, °C
weight, g | signs | Morbidity, % | round | round | viruses | water
Brood fish 02/2024 4500.0- . 510 ~ . ] e
(grading) 5500.0
Sperm 04/2024 - _ _ B _ ~ 6
Eges 04/2024 - - _ B ~ ~ 10
Larvae ?;::/filng 06/2024 0.05 - 85 + + 3 s
?p:t;:v;l?r:g 06/2024  0.05 - 2 _ . e
0+ 08/2024 25.0 - 5-10 - + _ +25
1+ 07/2025  430.0 + 10-15 + + _ 23
2+ 10/2025 2550.0 - 5-10 - + _ +13
3+ 10/2025 36700 - 5-10 - + _ 113

was over 85% (Table 2). In larvae obtained
by artificial incubation, the virus was also
identified, but only in the second round of
PCR, and mortality was low. In our opin-
ion, natural spawning is characterized by
a higher risk of virus transmission from
brood fish to offspring, in addition, spawn-
ing conditions may contribute to horizon-
tal virus transmission, including various
factors, including the characteristics of the
aquatic environment.

During the growing season, the virus
was diagnosed in all age groups of com-
mon carp within the production process
(Table 2). Thus, at different times, from
July to October, the virus was identified in
age-0+, age-1+, age-2+, and age-3+ com-
mon carp. Since the production system of
water bodies is interconnected and includes
ponds for various purposes (growing, sum-
mer-brooding, wintering, spawning and
feeding), the circulation of the virus on
the farm is quite effective. Thus, when the
virus is detected in brood fish, larvae or
juveniles of common carp, CEV is almost
guaranteed to remain present in older age
groups of fish, including individuals for
replacement and breeding. There are no
natural barriers to prevent the spread of the
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(Chilodonella cyprini), sxkuii Mir BIUIUHY-
TH Ha cTaH puowu. [Ipu nocnimkeHHi cTare-
BUX NPOAYKTIB Bipyc He OyB BUSIBICHUII,
TaKUM YUHOM, B JTAHOMY BHIIQJKy BEpPTH-
KaJibHa mepeada Bipycy He 3adikcoBaHa.
[lpu mocmijpkeHHI JTUYWHOK KOpoTa
OyJ10 BHUSBJICHO BIpyC Y BHCOKOMY THTpi
B JIMYMHKAX, OTPUMAHMX IIIIXOM IpH-
poaHoro Hepecty. InenTudikauis Bipycy
B mepmomMy paysmi I[1JIP cynpoBomxy-
BaJacsi BHCOKOI CMEPTHICTIO JHMYHHOK,
ska ckiana noHaa 85% (auB. Tabm. 2). Y
JUYUHOK, OTPUMAHUX LUISAXOM IITYYHOL
iHKyOaIlii, Bipyc Takox OyJ0 ieHTH(IKO-
BaHO, alie TIIbKU y npyromy paysni I1JIP,
a CMepTHicTh Oynia HH3bKOI. Ha Ham mo-
VIS, TPUPOTHUI HEPECT XapaKTePHU3y€ETh-
cs1 OUTBIIIMM PU3UKOM TIepeiadi Bipycy Bij
IUTITHUKIB HAIIAJKaM; 0 TOTO K, YMOBH
MIPOBEICHHS HEPECTY MOXYTH CIIPHSTH I'O-
PHU30HTAJIbHIN Tlepenadi Bipycy, BKIIOUHO
13 pI3HUMH YHHHUKAMH, B TOMY YHCIIi 0CO-
OJIMBOCTSIMH BOIHOTO CEPEAOBHUIIIA.
YIpomoBK BereTamiifHOTO CE30HY Bi-
pyC AiarHOCTYBAaBCSl y BCIX BIKOBHUX IpyI
KOpomna B paMKax BHPOOHHYOTO IPOIECy
(nuB. Tabn. 2). Tak, B pi3HUii yac, B epion
BiJl JIUITHS JIO KOBTHS BIpYC iACHTUQIKY-
Baju y uporomitok (0+), nBomitok (1+),
TpUITITOK (2+) Ta yotupmiiTok (3+) Kopo-
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virus, the immunological response is not
always effective, constant manipulations
with fish, such as control catches or addi-
tional stocking, including fish from other
farms, or the use of the same equipment in
different areas contribute to the introduc-
tion of the virus and its spread.

When infecting fish, the virus spreads
quite quickly between different age groups
of carp and within a few years the farm
becomes systemically infected. Since viral
diseases in aquaculture are not treated, and
in pond fish farming there are very limit-
ed opportunities to disinfect water bodies
during the growing season, combating vi-
ral diseases at this stage is practically im-
possible. The incidence of fish disease due
to CEV infection is increasing, as shown
by the results of recent studies [25-26].
Also important is the fact that control over
the movement of fish from farm to farm is
not carried out properly, so fish seeds can
easily be moved to any region in Ukraine,
which negatively affects the epizootic sit-
uation in carp aquaculture and may also
be the cause of increased morbidity [27].
According to international, regional and
national regulations of various countries,
the CEV virus is not yet mandatory for
declaration, therefore its monitoring is not
required by the relevant services, and re-
search is conducted mostly for scientific
purposes [28].

Fish gills play a leading role in respi-
ration, excretion, and osmoregulation. Due
to the complex interactions between these
processes, gill diseases have serious conse-
quences for the physiological state of fish.
CEV virus is characterized by a clear tro-
pism for the gill epithelium and can cause
immunosuppressive effects that affect the
deterioration of the resistance of the fish
organism to opportunistic infections or in-
vasions and increase the overall mortality
of fish [29-32]. Global aquaculture pro-

na. OCKiJIbKY BUPOOHHYA CUCTEMa BOIONM
MO€HAHA MiX CO0OI0 1 Ma€ y CBOEMY
CKJIaJIi CTaBH PI3HOTO MPU3HAUCHHS (BUPO-
[IyBaJbHi, JITHbO-MaTOUYHi, 3UMYBaJbHi,
HEPECTOBI Ta HATYJIbHI) UPKYIIALIS Bipy-
Cy Ha TOCMOJApCTBi OCUTH e€(EeKTHUBHA.
TakuM YHHOM, NIPW BUSBJICHHI Bipycy Y
IUTITHUKIB, TMYMHOK a00 MallbKiB KOpora,
CEV npakTu4HO TapaHTOBaHO 30epirae
CBOIO TIPHUCYTHICTh Yy CTaplIMX BIKOBHX
rpymnax pubH, BKIFOYHO 3 OCOOMHAMU IS
PEMOHTHO-MaTO4YHOTO Horoumis’s. [Ipupon-
HUX Oap’epiB JIs MONEPEKCHHS TOIIH-
PEHHS BipyCy HeMae, IMyHOJIOTiYHA BiIHO-
BiJIb HE 3aBXIU e(EeKTHBHA, ITOCTIHHI Ma-
Himymnsmii 3 pu0oro, K KOHTPOJIbHI 00I0BH
YW JIONATKOBE 3apHOJICHHS, B TOMY YHCII
pHuOOI0 3 IHMIUX TOCIOAAPCTB, 00 BUKO-
PHICTAaHHS OTHOTO ¥ TOTO X iHBEHTapIo Ha
PI3HUX JTUIBHUISX CHOPUSAIOTH THTPOIYKIIiL
BipyCy Ta HOTO IMOIIUPEHHIO.

IIpu indikyBanHi pud, Bipyc AOCHUTH
IIBUJIKO TTOITHUPIOETHCS MIXK PI3HUMH BiKO-
BUMH TpyIaMHU KOPOIa i 3a KiJbKa POKiB
TOCIOZIAPCTBO CTAE CUCTEMHO 1H(IKOBaHE.
OcCKiNbKU BipyCHI 3aXBOpPIOBaHHS B aKBa-
KyJIBTypi HE JIKYHOTBCSA, & B CTAaBOBOMY
PUOHUITBI IIy’ke OOMEXKEHI MOXIHUBOCTI
o0 Je31H(EKIT BOTOHM YIIPOIOBK Be-
reTamifHoOro ce3oHy, OopoThba 3 Bipyc-
HUMH 3aXBOPIOBaHHSMH Ha JTAaHOMY €TaIli
MPaKTUYHO HEMOXKIIUBA. 3aXBOPIOBAHICTh
pubu BHachimok CEV-iHdekii, sk moka-
3yI0Th pe3yJbTaTH OCTaHHIX JOCIIIKEHb,
3poctae [25-26]. Takok Ba)XITHBUM € TOH
(axT, MO KOHTPONb INEpeMillleHHs puodu
BiJl TOCHOAApCTBA MO TOCIIOHApCTBa HE
MPOBOMUTHCS HAJCKHUM UYUHOM, TOMY
puboTOCaTKOBU MaTepial MOXKHA JIETKO
MEPEMICTUTH B Oy/lb-sIKy TOUKY YKpaiHu,
[I0 HETaTWBHO BIUIMBAE€ HA EII300THYHY
CUTyallil0 B KOPOIIOBIf aKBaKyIbTypi i
MOKE€ TaKOXK OYTH MPUIHHOIO ITiIBHIICHOL
3aXBOPIOBAHOCTI [27]. 3riHO 3 MIXHAPO/I-
HUMH, PETiOHaJHHUMHE Ta HalliOHATbHUMH
peraMeHTaMu pi3HUX KpaiH, Bipyc CEV
MIOKH IO HE € 000B’ I3KOBUM IS IEKIIapY-
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duction is growing annually, as is the pop-
ulation’s need for animal protein and food
security. Common carp is one of the most
important freshwater fish in global aqua-
culture, which unfortunately suffers from
numerous diseases, the most serious of
which are viral. Carp herpesvirus (CyHV-
3), carp spring viremia virus (SVCV) and
now carp poxvirus (CEV) are currently the
most dangerous viral diseases of carp.

It is unknown how and when the CEV
virus entered the territory of Ukraine. Most
likely, the virus was introduced with orna-
mental koi carp or other carp breeds. The
problem is that monitoring and control of
the virus was not carried out until 2018, as
there were no specific diagnostics for the
virus, and the clinical manifestations of
CEV infection were often similar to other
diseases, which contributed to the incorrect
identification of their etiology. According
to the State Agency for the Development
of Land Reclamation, Fisheries and Food
Programs, there are about 3,000 aquacul-
ture businesses in Ukraine, of which over
90% are engaged in carp breeding [33].

In Ukraine, the program to combat vi-
ral diseases in aquaculture is not properly
funded, and the transportation of live fish
is carried out practically without control
by local laboratories or representatives of
government organizations due to the lack
of appropriate technological means. Ac-
cordingly, quarantine procedures on farms
are mostly not implemented, and there-
fore the risk of CEV spreading throughout
Ukraine is quite high. A slow but steady
increase in average daily temperatures
may play a significant role in the epizootic
situation regarding the virus in the future,
so virus control must be carried out con-
stantly. CEV infection is not treatable, and
stopping the transmission of the virus is
almost impossible due to the characteris-
tics of carp farms. Screening of carp farms
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BaHHS, BIJIMOBIJHO, HOTO MOHITOPHHT HE
BHMAaraeThCsl BIATMOBIAHUMHU CIIy)XOamH, a
JTOCITIJPKEHHSI ITPOBOJIATHCS 3IEOUTBIIIOTO 3
HayKOBOIO MeTo0 [28].

3s0pa y pub® BHUKOHYIOTH IPOBIIHY
pONb y AMXaHHI, BUAIICHHI Ta OCMOpEry-
nsmii. Yepes ckiamHi B3aEMOIIT MK ITUMH
IpolecamMy, 3aXBOPIOBAHHS 350ep MaloTh
Cepio3HI HACHIIKUA JUIS (i3i0JOTIYHOTO
crany pu0. Bipyc CEV xapakrepusyetbcs
YITKOIO TPOITHICTIO JIO 350pOBOTO EITITEIi0
Ta MOXE CIPHYHMHATH IMyHOCYNPECHBHI
HACJTIJIKH, SK1 BIUTMBAIOTh Ha TOTIpIICHHS
OMIPHOCTI OpraHisMy pud IO OHOPTYHiC-
THYHHX 1H(EKIii a0o 1HBa3ii Ta 301IbITy-
I0Th 3arajibHy CMepTHicTh pud [29-32].
CBiTOBE BHPOOHHIITBO aKBAKYIIGTYPH IIO-
piuHO 3pocTae, TaK caMo sIK i BUHUKAE I10-
Tpeba HacelleHHs B OUIKy TBAPUHHOTO TI0-
XOKEHHS Ta 3a0e31e4eHHs IPOJIOBOIBYOT
Oe3neku. Kopoll € onHi€0 3 HABaXIJIABI-
IIMX IPICHOBOJHMUX PHO Yy CBITOBIiM akBa-
KYJBTYpi, SIKAH, Ha jKajb, Ma€ YHCICHHI
3aXBOPIOBAHHS, HACEPHO3HIINMHU 3 IKUX
e BipycHi. ['epriecBipyc xopona (CyHV-3),
Bipyc BecHsIHO{ BipeMmii kopona (SVCV) Ta
HuHI Bipyc Bicriu kopona (CEV) e Hapasi
HalfHeOe3MeuHINMHY BipyCHUMHU Horo 3a-
XBOPIOBAaHHSIMH.

Sk 1 xonu Bipyc CEV morpanuB Ha
TepuTopito YKpainu, Hepimomo. Haitimo-
BipHille, BiH OyB 3aBe3eHUil pasoMm i3 Je-
KOPaTHBHUM KOPOTIOM Koi a00 3 iHIITUMH
nopozxamu koporma. IIpo6rema B Tomy, 1110
MOHITOPUHT Ta KOHTPOJIb BipyCy HE Mpo-
Bommiucs 10 2018 p., ockinbku He Oyno
crier(iuHUX JTIarHOCTUKYMIB JJIs1 HBOTO,
a xmiHiuHI nposBu CEV-iHdexkuii uacto
OyIM CXOXI Ha IHII 3aXBOPIOBAHHSA, IO
CHPUSUIO HETIpaBUNbHIN ineHTH}iKamii ix-
HbOI erionorii. 3a nanmMu Jlep>kaBHOTO
areHTCTBAa 3 PO3BUTKY MeJtiopanii, pubaib-
CTBa Ta IPOAOBOJIFIMX TIPOTpaM, B YKpa-
Hi HamiuyeTbcs Omm3bko 3000 cyO’exTiB
TOCIIONIAPIOBAaHHS B aKBaKyNbTypi, 3 KX
noHaj 90% 3aiiMatoThCs pO3BEIEHHIM KO-
poma [33].
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engaged in the production of fish stocking
material, including those with breeding
status, will allow the creation of region-
al fish hatcheries that can be suppliers of
uninfected fry, and together with the im-
plementation of sanitary and veterinary
measures, prevent the rapid spread of the
disease.

CONCLUSION AND
PERSPECTIVES OF FURTHER
DEVELOPMENT

In Ukraine, CEV monitoring was
started in 2018 and during this time the
virus has been diagnosed in many farms.
Research results in 2023-2024 indicate
that the disease is widespread throughout
Ukraine. The most characteristic signs
of the disease caused by Ukrainian virus
isolates (genogroups G I and G_IIb) are
specific (lethargic) behavior of the fish,
necrosis of the gill tissue and sometimes
the presence of ulcers and necrotic foci
on the skin. When the virus is detected in
broodstock, larvae or fry of common carp,

B VkpaiHni nporpama 60poTh0u 3 Bipy-
CHHMH 33aXBOPIOBAaHHSIMH B aKBaKyJIbTY-
pi He (iHAHCYEThCS HAJIC)KHUM YHHOM, a
MEPEBE3CHHST JKUBOI PUOM 3MiHCHIOETHCS
MPAKTHYHO 03 KOHTPOJIIO MICIICBHX Jia-
Oopartopiii abo MPEACTaBHUKIB YPSIOBUX
opraHizailiii gepe3 BiJICYTHICTh BiIIOBII-
HHMX TEXHOJOTIYHUX 3aco0iB. BigmosigHo,
KapaHTHHHI TIpolenypu Ha (epmax 3ne-
OUTBIIOTO HE 3alpPOBAKYIOTHCS, a, OTKE,
pusuk momupeHHs CEV  Teputopieto
VYkpainu gocuts Bucokuil. HeaOusiky poib
B CII300TUYHIA CHUTyaIii moa0 Bipycy B
MailOyTHROMY MOXKE BiJirpatu MOBUIBHE,
ajle cTaOlIbHE IIJBUIIECHHSA NOKA3HUKIB
CepeIHBOM000BOT  TEMITEpaTypu, TOMY
KOHTPOJIb BIpYyCY HEOOXITHO IPOBOTUTH
nocriitno. CEV-iHdekuis He miKyeThbCs,
a 3yNMUHATH Tepenady BipyCy MpaKTHIHO
HEMOXIJIUBO uepe3 OCOOIUBOCTI KOPOIO-
BUX rocmomapcTB. CKPUHIHT KOPOIIOBHX
TOCIOJApCTB, Ki 3aiiMaloTbcs BUPOOHU-
IOTBOM pPHOOIOCAAKOBOTO MaTepialy, B
TOMY YHCJi 3 MJIEMiHHAM CTaTycoM, J103-
BOJIUTh CTBOPUTH PpETiOHAIBHI pHOOPO3-
IUTITHUKY, SIKI MOXYTb OyTH HOCTayalb-
HUKaMH HeiH(IKOBaHOTO 3apHOKy, a pa3oM
i3 BUKOHAHHSIM CaHITapHO-BETCPUHAPHUX
3aXO0JliB 1€ JJaCTh 3MOTY 3alo0IrTH IBU/I-
KOMY TIOIINPEHHIO 3aXBOPIOBAHHS.

BUCHOBKHM TA NEPCIEKTHBH
HOJAJIBIIOIO PO3BUTKY

B VYkpaini monitopusar CEV 6yno pos-
moyaro B 2018 p. i 3a ueit yac Bipyc nia-
THOCTOBaHO B 0araTrbOX TOCHOAApCTBAX.
Pesynsratn pocmimkens y 2023-2024 p.
CBiYaTh, IO 3aXBOPIOBAHHS IIOIIHpPEHE
Ha Bcii Teputopii Ykpainu. Haiixapak-
TEPHIIMUMH O3HAKAMH XBOPOOH, CIIPHYH-
HEHOI YKpalHCHKUMH 130JITaMH  Bipycy
(rerorpymu G_I Ta G_IIb), € cremudiv-
Ha (JleTapriuHa) MoBeAiHKa puOU, HEKPO3
3s10pOBOT TKAHWHW Ta I1HKOJNM HasSBHICTH
BHUPa30K 1 HEKPOTHYHUX OCEpEeIKiB Ha
IKIpHUX TMOKpuBax. [Ipu BUsIBIEHHI Bi-
pycy y IUIJIHUKIB, JUYUHOK ab0 MaJbKiB
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CEV is almost guaranteed to remain pres-
ent in older age groups of fish. In addition
to CEV, 4 isolates of SVCV were identified
during the studies, 3 in common carp and
1 in silver and bighead carp hybrid. Cyto-
plasmic herpesvirus type 3 (CyHV-3) was
not identified in any of the samples analyz-
ed. In addition to common carp, a silver
and bighead carp hybrid is also suscepti-
ble to the virus. In full-system carp farms,
CEV can be identified in all age groups of
common carp throughout the growing sea-
son. First recorded case of CEV infection
causing significant mortality among orna-
mental koi in Ukraine.
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