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The aim of the research was to investigate diseased fish species Labeo (Labeo bicolor) and Sack-gill
Catfish (Heteropneustes fossilis) by testing several diagnostic systems targeting fish herpesviruses in
purpose to determine the etiology of the outbreak infection in aquarium fishes at the Kyiv Zoo during
summer 2017. During a fish health inspection of aquariums in Kyiv Zoo, an Cyprinid herpesvirus 3 —
CyHV-3 was detected in Labeo and Sack-gill Catfish. Preliminary examination of infected fish revealed
arange of lesions particularly ininternal organs and tissues. The gills of diseased fish were characterized
by hyperaemia and necrosis. The infringement of liver color and structure, kidney swelling and
gallbladder necrosis were observed in both fish species. The virus did not grow in fish cell lines of RTG-2,
FHM and EPC, that was evident by absence of any morphological changes in appropriate cell lines. Also
initially fish were tested for parasitic and bacterial infections and they were determined to be non-
infected. Our results demonstrated that specific oligonucleotide primers for thymidine kinase gene of
CyHV-3 were successfully amplified the specific DNA fragments. The length of polymerase chain
reaction product, as expected, was 264 nucleotide pairs. The amplified specific fragments were identical
to the area of thymidine kinase gene CyHV-3, as was shown by sequence analysis. The identity of
nucleotide sequences composed 97-99% . The same positive results were obtained using primers that
recommended by the International Epizootic Bureau, fragments in size of 409 and 292 were also
obtained. In our opinion, CyHV-3 was brought to Ukraine by import of aquarium fish avoiding sanitary
control of transboundary transportation. Therefore, the uncontrolled import of aquarium and cultured
fish species is a serious problem because imported fish could be as a source of highly pathogenic
infections for industrial aquaculture.

Key words: polymerase chain reaction, CyHV-3 fish herpesvirus of Labeo bicolor and Sack-gill
Catfish.

Taxonomically, members of the family
Herpesviridae consist of a linear, double-
stranded DNA genome with an icosahedral
capsid that is finally surrounded by a
host-derived envelope containing virus
glycoproteins. Phylogenetically, herpesviruses
divided on three major clades that are related
at the sequence level. Herpesviruses can infect
both vertebrates: mammals, birds, reptiles,
amphibians and fish, and a single virus that
infects an invertebrate, the oyster [1].

Only three fish herpesviruses, ictalurid
herpesvirus or channel catfish virus
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(IcHV-1, CCV), Koi herpesvirus (KHYV)
and anguillid herpesvirus (AngHV-1) have
been sequenced completely. KHV is related
closely to cyprinid herpesviruses CyHV-1
and CyHV- 2, the agents associated with carp
pox and hematopoietic necrosis in goldfish,
respectively [2—4]. The estimated genome size
of KHV is 277 kbp, which is greater than that
observed previously among all herpesviruses
(125 to 245 kbp). Also KHV is distantly
related to IcHV-1 and ranid herpesvirus
(RaHV-1). Therefore, KHV has been proposed
formally as a member of the Alloherpesviridae
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under the species name Cyprinid herpesvirus 3
(CyHV-3) [5].

CyHV-3 was first identified in 1998 as the
cause of mass mortality among juvenile and
adult koi and among common carp cultured
in Israel, the United States, and Germany [6].
The disease had spread to other countries,
leading to substantial financial losses. The
virus has now been found associated with
mass mortality events on most continents,
including countries throughout Europe, North
America, Asia and South Africa. Considerably
more information has since been obtained on
the properties of this virus, including its host
range, the effects of water temperature on
disease outcome, development of detection
methods, and novel attempts at control [7].

Limited information is available on
the ways of CyHV-3 spreading in nature.
Possibly, the source of infection (except for
the ornamental koi fish) could be the water
containing waste products from contaminated
fish farm or fisheries equipment. It was
established that the virus can penetrate
through the fish skin. An important role in virus
transmission is attributed to waterfowl birds.
CyHV-3 could save its infectivity in the water
during several days. Polymerase chain reaction
(PCR) analysis identified the CyHV-3 DNA
in carp without clinical signs of the disease
[8]. Such fish with chronic infection could
also be as a source of infection at fish-
breeding farms.

CyHV-3, was firstly described in Ukraine
in 2013 [9]. There is a danger of this highly
pathogenic virus spreading through fish farms
in Ukraine. One of the proposed preventative
measures to stop the spreading of CyHV-3 is
strict compliance with veterinary regulations.
Transportation of carp fry in the European
Union is allowed only from certified CyHV-3-
free farms. Other bio safety measures include
quarantining of imported fish for two months
in compatible cultivation with sensitive fish
at temperatures that are optimal for CyHV-3
reproduction.

Particular attention must be given
to the sanitary control of transboundary
transportation of aquarium fishes that could
be as a source of highly pathogenic infection
for industrial aquaculture. In this report we
investigated diseased fish species Labeo (Labeo
bicolor) and Sack-gill Catfish (Heteropneustes
fossilis) by testing several diagnostic systems
targeting fish herpesviruses in purpose
to determine the etiology of the outbreak
infection in aquarium fish at the Kyiv Zoo
during summer 2017.

Materials and Methods

In 2017, a total of 15 fish samples were
continuously collected from the moribund and
dead labeo and sack-gill catfish in aquariums
of Kyiv Zoo. The samples of internal organs
were removed from individual fish and placed
into a 1.5 ml microcentrifuge tube. Samples
were transported on ice to the laboratory and
processed immediately.

RTG-2, FHM and EPC cell lines were
maintained in MEM medium (PAA)
supplemented with 100 U ml™! penicillin,
100 pg ml ! streptomycin and 10% fetal
bovine serum (FBS Gold, PAA). The samples of
internal organs were homogenized with MEM
and filtred through the 0.45 pym membrane
(Sarstedt). Then the filtrate was inoculated
onto 24-hours cell monolayers growing in
25 cm? flasks. After absorption for 60 min
at 20 °C, MEM medium supplemented with
2% of FBS was added to the monolayers. All
flasks with control and inoculated cells were
observed daily using light microscopy.

DNA samples were extracted from gills,
kidney, spleen, brain and gut providing
relevant information about the wvirus
tropism in labeo and sack-gill catfish. About
100 microliters (ul) of tissue homogenate was
prepared in the PBS (pH= 7.4), followed by
the addition 500 pl lysis buffer (10 mM TRIS-
HCI pH = 8.0, 0.1 M NaCl, 25 mM EDTA,
0.5% SDS) and proteinase K. The mixture
was incubated for 2 hours at 37 °C. DNA was
extracted with phenol and centrifuged for
5 min at 10500 g. DNA from the supernatant
was extracted with chloroform:isoamyl alcohol
mixture (24:1). The supernatant was then
supplemented with 0.1 volume of 3M sodium
acetate solution (pH 5.2) and 2.5 volumes of
chilled (—=20 °C) ethanol. DNA was precipitated
at room temperature for 1 h, followed
by centrifugation at 10500 g for 10 min.
DNA precipitate was washed with 70% ethanol
and dissolved in TE buffer (10 mM TRIS-HCI,
1 mM EDTA, pH = 7.5) or deionized water [10].

For PCR assay we used several sets of
oligonucleotide primers. According to OIE
recommendations we applied specific primers
for the thymidine kinase (TK) gene [11]. The
primers sequences were as follows: forward
5-GGG-TTA-CCT-GTA-CGA-G-3" and reverse
5’-CAC-CCA-GTA-GAT-TAT-GC-3" with
expected product size of 409 bp. In addition
we used primers with product size of 292 bp
[12]. The sequences were as follows: forward
5-GAC-ACC-ACA-TCT-GCA-AGG-AG-3’and
reverse 5-GAC-ACA-TGT-TAC-AAT-GGT-
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CGC-3’. Using software VectorNTI11 and
online service BLAST we design our own
oligonucleotide primers specific to TK gene of
CyHV-3. We determined the specificity and its
physical properties. The sequences of primers
were For 5- ATG-CAG-CGT-CTG-GAG-GAA-
TAC -3’ and Rev 5’-ATT-CTG-ACG-GTG-AAG-
GGT-GCG -3'.

The PCR mixture consisted of 12,5 ul
of DreamTaq Green PCR MasterMix
(ThermoScientific), 20 pmol of each primer,
1 pl of ¢cDNA and the nuclease-free water up
to a total volume of 25 pl. The amplification
was conducted with 35 temperature cycles of: 1
min at 95 °C, 1 min at 55 °C and 1 min at 72 °C
followed by a final extension step of 10 min
at 72 °C. PCR was performed on 96 Universal
gradient peqSTAR (PEQLAB, Biotechnologie
GmbH). The products were analyzed by 2.0%
agarose gel electrophoresis. The gel was
stained with ethidium bromide and results
were documented under UV transilluminator.
Positive and negative assay controls were
included. Control PCR assay for other fish
viruses were also assessed.

The PCR products were purified with
the Silica Bead DNA Gel Extraction Kit
(ThermoScientific) and subjected to nucleotide
sequence analysis using a 3130 Genetic
Analyzer (Applied Biosystems). The sequences
were aligned with sequences available in the
GenBank database (NCBI) according to the
CLUSTAL W by the software of Molecular
Evolutionary Genetics Analysis (MEGA)
version 6.0.

b

Results and Discussion

The 2017 aquarium fish infection
outbreak at the Kyiv Zoo resulted in mass
mortality (up to 85%). Among the infected
species were cyprinid fish, such as redfin
tetra (Hyphessobrycon anisitsi) and labeo
(Labeo bicolor), perciformes (red-throated
Cichlasoma meeki) and sack-gill catfish
(Heteropneustes fossilis). In order to
establish the etiologic agent of infection
the gills, kidney, spleen, brain and gut were
examined.

The gills of diseased fish were
characterized by hyperaemia and bright pink
coloration. Dissection of sack-gill catfish
revealed the infringement of liver color and
structure, kidney swelling and overflow of the
gallbladder. The same pathological changes
were observed in red-tailed black labeo.
Initially fish were tested for parasitic and
bacterial infections and they were determined
to be non-infected by mentioned pathogens
(Fig. 1).

Our results demonstrate that specific
oligonucleotide primers for thymidine kinase
gene of CyHV-3 were successfully amplified
the specific DNA fragments. The length of the
amplified PCR product using primers designed
by us, as expected, was 264 nucleotide pairs
(Fig. 2). The same results were obtained
using primers that recommended by OIE. The
amplified specific fragment was identical to
the area of TK gene of CyHV-3, as was shown
by sequence analysis.

Fig. 1. The diseased labeo (Labeo bicolor) and sack-gill catfish (Heteropneustes fossilis):
clinical symptoms of disease included gill edema, internal organ deformation,
and tissue necrosis (indicated by arrow)
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Fig. 2. Gel electrophoresis of PCR products to identify CyHV-3:
C — control (all reaction components except DNA); 1 — DNA samples isolated from red-tailed black labeo
(Labeo bicolor); 2 — DNA samples isolated from Sack-gill Catfish (Heteropneustes fossilis); 3—4 — DNA
samples of CyHV-3 isolated from diseased carp Cyprinus carpio (isolate Volyn-1); M — DNA marker ladder

According to the literature data, CyHV-3-
specific DNA is detectable by PCR in kidneys
and blood of infected carp as early as one day
after infection [13]. We identified the virus
DNA in the gills, liver, intestines and skin.
It can also be detected in the brain tissue, but
we did not identify the virus in brain samples.
The data in recent reports shows, this viral
infection leads to nephritis within 2 days,
which can last up to ten days. In investigated
fish the gills were affected, as evidenced by the
loss of villi and inflammation of gill rakers.
The main symptoms of the disease in tested fish
were tiredness, loss of coordination, sunken
eyes, spots on the skin and gill necrosis. The
vast majority of mentioned above symptoms
were evident in both labeo and catfish species
cultivated in aquariums of the Kyiv Zoo.

Undoubtedly, many infections in aquarium
fish may be asymptomatic. It has been
shown that CyHV-3 is capable of producing
a latent form of infection in carp fish, which
is influenced by environmental factors and
has the potential to turn into acute infection
[14]. Therefore, the uncontrolled import of
aquarium fish is a serious threat to commercial
fish farms.

Outbreaks continue to occur among
cultured populations of koi and also epidemics
have been observed among wild common carp
populations in the United Kingdom and Japan
in recent years. Until recently, the only host
for the carp herpes virus of the third type
(CyHV-3) was thought to be the common carp
(Cyprinus carpio carpio) and its subspecies,
the Koi carp (Cyprinus carpio koi). It was
accepted that some fish species, including
Carassius auratus and other members of the
cypriniformes family are resistant to the

disease even during a long stay in the same
water tank with infected fish [15].

However, the presence of CyHV-3
was recently confirmed by PCR in other
cypriniformes fish that were grown in
polyculture with the infected fish: in common
carp (Cyprinus carpio carpio), grass carp
(Ctenopharyngodon idella), spotted silver
carp (Aristichthys nobilis), silver carp usual
(Hypophthalmichthys molitrix), tench (Tinca
tinca), zanthe (Vimba vimba). Moreover, it
appears that CyHV-3 is capable of infecting
the sheatfish (Silurus glanis) and sturgeons,
such as Russian (Acipenser gueldenstaedtii)
and Atlantic (Acipenser oxyrinchus) sturgeon
and sterlet (Acipenser ruthenus). The CyHV-3
DNA was detected in the Rotifera by Japanese
researchers [16, 17].

The rapid spreading of virus around the
world could be attributed to the fact that
ornamental koi carp and another species are
in high demand among hobbyists and is widely
traded. World Organization for Animal Health
(OIE) recognized this emergent infection in
2007 as a threat and subject to declaration
and eradication. The absence of reports for the
virus spreading in Eastern Europe is one of
the reasons for the ban on carp imports to the
European Union.

As a conclusion, herpesvirus of the third
type was discovered during an outbreak of viral
infection in sack-gill catfish and red-tailed black
labeo at the Kyiv Zoo. The developed diagnostic
PCR assay together with diagnostics which are
recommended by OIE could be useful for virus
detection. The amplified specific fragment in
size of 264 nucleotide pairs was identical to the
area of TK gene of CyHV-3, as was shown by
sequence analysis.
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IIOJIMEPA3HA JIAHITIOTOBA PEAKIIIA
AJIA ITEHTU®IKAIILL BIPYCY I'EPITECY
KOPOIIOBUX B YRPAIHI

10.11. Pyo”’bl, M. I. Maiicmpenko?,
JI.I1. Byltaubrcuitl’

1IHCTI/ITyT pubuoro rocunogapcrea HAAHY, Kuis
HHII IactuTyT 6iosorii Ta MeguIIUHY,
KuiBcbKuit HAI[iOHAJTLHUI YHiBEPCUTET
imeni Tapaca IlleBuenka, YKpaiHa

rud.yuriy.univ@gmail.com

MeToro poboTu 06yJIO HOCAIAUTH XBOPUX PUO
BUIIB Jabeo ABOKOJLopoBoTO (Labeo bicolor) Ta
coma MmimkosabpoBoro (Heteropneustes fossilis)
TEeCTYBAHHAM JEeKiJIbKOX JiarHOCTUKYMIiB AJIA BU-
SABJIEHHS Bipycy repiiecy Ta BU3HAUEHHS eTioJiorii
cnasaxiB iH(peKIii cepen akBapiymuux pub y Ku-
iBcbKOMY 300mapKy BiIiTKy 2017 pory. Ilix uac
IOCHiKeHb 3aXBOPIOBaHb aKBapiyMHuUX pubd y
KuiBchbKOoMYy 300TTapKy 3HaMIEHO BUCOKOIIATOTEH-
Huii Bipyc Cyprinid herpesvirus 3 — CyHV-3 y na-
06e0 IBOKOJILOPOBOTO Ta MIIITKO3s0pPOBOTO COMUKA.
Amnanis inpikoBanux pub BUSBUB HU3KY YPaKeHb,
mmepeayciM y BHYTPIIIHIX opraHax i TKaHUHAaX. 3d-
Opa XBopuX pud XapaKTepu3yBaJIUCA TillepeMiero
Ta HEKPO30M. ¥ 000X BUAIiB puO CIIocTepiraim mo-
PYILIEHHS CTPYKTYPU HEeUiHKM Ta 3MiHY i KOJIbOpYy,
HAOPSAKY HUPOK i KPOBOBUJIMBU JKOBUHOTO MiXypa.
Bipyc He penpogyKkyBaBcs y IepeBUBHUX KJIITHH-
Hux jgiriax pud RTG-2, FHM ta EPC, mpo 1110 CcBif-
YmJia BiICyTHICTh Oy Ib-AKUX MOP(OJIOTIYHUX 3MiH
Yy IOCTIAKyBaHUX KYJbTypax KJaiTuH. B opranismi
iH(pixoBaHMX pub He O0yJI0 BUSBJICHO 30y IHNKIB ma-
pasuTapHux abo 6aKTepiaTbHUX iHpeKITii.

PesgynbpraTy pocaigiKeHb NTOKAasaau, IO
crnenudivHi OJIroOHYKJIEOTHUAHI IIpaiiMepu IO TeHa
mumignakinasu CyHV-3 ycmimuo ammidikysamm
dparmenr [HK Bipycy. [HoBXKMHa HOPOAYKTY
TOJIiMEepPAasHOl JIAHITIOTOBOI peakIlii, AK i ouikyBasu,
craHoBusa 264 mapu HyKJeoTugiB. AmintidikoBaHi
cnernudivni pparmenTn OyJaM ifeHTHUHI TiIAHITL
reda rtumigmakinasu CyHV-3, aK moxkasas
aHanisz mocaigoBuocti [HK. ImeHTuuHicTb
HYKJEOTUAHUX IIOCJiJOBHOCTeIl cTaHOoBMIAa 97—
99% . BukopucToByoun SIK KOHTPOJb IIpaiiMepH,
pexomeHnoBaHi MizKHapOAHUM emi300TUYHUM OI0pO,
Oys10 orpuMano (pparmernT poamipom 409 i 292, 1o
TaKOXK cBigumio mpo imemtudikariio CyHV-3. Ha
Hatty nyMKy, CyHV-3 morpanue B YKpaiHy uepes
HeJIETAJILHIH IMIIOPT aKBapiyMHUX PO, & TAKOK Yepes
BiICYTHICTh HAJIEKHOI'O CAHITAPHOI'O KOHTPOJIIO IIif
Yac TPaHCKOPAOHHUX IlepeBe3eHb. HeKOHTPOIbOBaHe
iMITOpPTYyBaHHSA aKBapiyMHUX i KYJIBTUBOBAHUX BUJIB
pub € cepito3HOI0 ITPOBIEMOIO, OCKLIBKY iMITIOpTOBaHA
puba MoKe OyTH IKepeioM BHCOKOIIATOTEeHHUX
iH(eKITiH 114 IPOMUCIOBOI aKBaKYJIBTYPH.

Knwuwosi cnoea: mosimepasHa JIAHIIOTOBA
peakriis, Bipyc repmecy CyHV-3, mabeo aBOKO-
JBOPOBUIL, MIIITKO3A0POBUI COMUK.

IIOJINMMEPASHAS HEITHASI PEARTIN S
AJIAd NAEHTUONRAIINN BUPYCA
I'EPITIECA KAPIIOBbBIX B YRKPAUHE

IO. IT. Pydv!, M. H. Maiicmpenko?,
JI.I1. Byuawcuﬁl’ 2

'Uucruryr pei6rOro xosaiicrea HAAHY, Kues
2HHI_I HWucTUTyT 6MOJOTNY U MEeIUIINHBI,
KueBckuil HanfnoHAJIbLHBIN YHUBEPCUTET
umenu Tapaca IlleBuenko, YKpanHa

E-mail: rud.yuriy.univ@gmail.com

ITesnio paboThI OBLIO MCCAEAOBATH OOJIBHBIX PHIO
BUJIOB Jiabeo aByx1BeTHOro (Labeo bicolor) m coma
Merko:kabepHoro (Heteropneustes fossilis ) Tectupo-
BaHNEM HECKOJIbKUX AUATHOCTUKYMOB [JIA BBISABJIE-
HIS BUpYCa repreca 1 OIpeIesIeHIs STUOJIOT N BCIIbI-
meK HGEKINY Cpey aKBapryMHBIX pbI0 B KueBckoM
3oomapke Jerom 2017 roma. Bo Bpemsa uccienoBanusa
3a00/IeBaHNI aKBapUyMHBIX PEI0 B KreBckom 300-
napke obnapy:xeH Bupyc Cyprinid herpesvirus 3 —
CyHV-3 y 1a6e0 ABYXIIBETHOI'O 1 MEIITKOKa0epHOro
coMUKAa. AHAIN3 MHPUITUPOBAHHBIX PHIO BHIABUI DAL
TIOpaKeH!i, Ipesk e BCero BO BHYTPEHHUX OpraHax 1
TKaHAX. si{aOpbI 60JIBHOI PHIOBI XapaKTEPH30BAINCE
TUIIepeMUeil 1 HeKPo30M. ¥ 000MX BII0B PhIO HAOJIIO-
JIAJIOCh HapyIlIeHne CTPYKTYPhI [IeUeHN U N3MEHeHe
ee I[BeTa, OTEeK!U MOYeK 1 KPOBOUBIUSIHUSA JKETIHOTO
my3bIps. Bupyc He perpoayIinpoBasicsa B IIepeBruBae-
MBIX KJIETOUHBIX JuHUAX phid RTG-2, FHM u EPC,
0 UeM CBUJETEJIbCTBOBAJIO OTCYTCTBUE KAKUX-JI10O0
MOP(OJIOrTYeCKUX N3MEHEHNH B UCCIENYEMbIX KYJIb-
Typax KJIETOK. B opranusmMe mHQUIIMPOBAHHBIX PbIO
He OBLIO 00HAPYKEHO BO30yAUTE el TapasuTapHbIX
nin GaKTepUATbLHBIX MH(PEKITII.

PesybTaTh! MCCIeIOBaHII TTOKA3aJIM, UTO CIIEITH-
(hrruecKye OJIMTOHYKJIEOTHAHBIE IPaliMephl K T'eHy TH-
muanEKrHa3sI CyHV-3 yenerHo aMIummuIpoBaIn
dparment [THK Bupyca. [ymHa mpomyKTa mommepas-
HOIT IIeIHOM peaKIlny, KaK U 0KUIajI0Ch, COCTABIIA
264 mapb! HyKJIe0TUI0B. AMILIA(UITIPOBAHHbIE CIIEIH-
(hrruecKue (PparMeHThI ObLIHM MAEHTUYHEBI YIACTKY TeHa
ruvuanaKrHa3sl CyHV-3, 0 ueM cBUAETEILCTBOBAII
aHaJIU3 HYKJEeOTUAHOU mociemoBartesbHocTu [[HEK.
W ieHTYHOCTD HYKJIGOTUIHBIX TIOCIEI0OBATeIHHOCTE
coctaBisia 97-99% . IIpu ucroIs30BaHNY B KauecTBe
KOHTPOJIA IIpaiiMepoB, PeKOMeHI0BaHHbIX MesKTyHa-
POIHBIM GFOPO SIIM300TIH, OBLIH MOy UeHBI (DPAaTMEHTBI
pasmepom 409 1 292, uTo TaKKe CBIAETETHCTBOBAJIO O
mammuny CyHV-3. Ilo mamemy muennto, CyHV-3 6Lt
3aHEeCeH B YKpaUHy IIyTeM HeJIeraJbHOTO MMITOPTA aK-
BapUyMHBIX PbIO, a TAKKE 13-3a OTCYTCTBUSA HAJIeMKa-
IIIer0 CAHUTAPHOTO KOHTPOJIA IIPYU TPAHCTPAHUYHBIX
TepeBo3Kax. HeKOHTPOIMPOBAHHOE TMIIOPTUPOBAHME
aKBAPUYMHBIX U KYJIBTUBUPYEMBIX BIIOB PHIO SABJIAET-
Cs1 CePhEe3HOI IIP00JIEMOI, ITIOCKOIBLKY NMIIOPTHPYeMAasi
PpbI0a MOYKET OBITh ICTOYHITKOM BHICOKOIIATOI'€HHBIX MH-
(eI IJIsT IIPOMBIITLIEHHOM aKBaAKYJIBTYPBI.

Kntouesvle cnoea: monuMepasHada IelTHAA peak-
nus, supyc repumeca CyHV-3, mabeo maByXIBerT-
HBIN, MEIIIKOXXabepHBIII COMUK.
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