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VIRUSES OF MARINE MAMMALS AND
METAGENOMIC MONITORING OF INFECTIOUS DISEASES

Abstracts. The review presents information on epizootic disecases in marine mammals caused by influenza
viruses of genera A and B, morbilliviruses, adeno-, herpes-, calici- and coronoviruses. Virological and serological
data about the spectrum of viral infections in marine mammals are given. Describes epizootic events in marine mam-
mals induced by influenza A viruses and isolation of strains with antigenic formulas HIN1, HIN3, H3N3, H3N8,
H4NS5, H4N6, H7N7, HION7, H13N2, HI3N9. It is suggested that the seals may be infected with a wide range of
influenza viruses by direct transmission without prior adaptation. It is emphasized that marine pinnipeds can serve as
one of the reservoirs of human influenza B virus in nature. Data on the classification of pinniped and cetacean coro-
naviruses are presented. A variety of pinnipeds herpesviruses and the clinical significance of their morbidity indica-
tors in the diagnosis of viral infections of seals are shown. It emphasizes the need for the development of proactive
diagnostic tools for the timely detection of new viruses with zoonotic potential that can cause disease outbreaks. The
negative effects of discases with unknown etiologies on the population of Caspian seals are noted. The conclusion is
made about the need for metagenomic monitoring of Caspian seal virome in order to establish the role of viral
pathogens in their morbidity and regular mortality under conditions of intensive habitat development.

Key words: virus, marine mammals, Caspian seal, virom, metagenomic monitoring.

Health survey of marine mammal populations is one of the most important and significant scientific
directions in ecology. Current knowledge about the diversity of pathogens of marine mammals is
expanding rapidly [1, 2]. Viral diseases play a major role in regulating the dynamics of the population of
wild animals, limiting their growth and enhancing selection at the genetic level. The impact of viruses
becomes even more sever to the species endangered or fragmented at the result of anthropogenic pressure.

Viruses from marine mammals were isolated for the first time in 1972 from Californian sea lion
(Zalophuscalifornianus), on San Miguel Island during an outbreak of infection among these animals. The
ctiological agent attributed to caliciviruses and adopted as the San Miguel type I sea lion virus. They were
isolated from 11 species of pinnipeds and cetaceans [3].

Paramyxovirus infection caused by members of the genus morbillivirus is widespread among marine
mammals and causes serious threat to the population of these animals. To date, four species of morbil-
liviruses that infect marine mammals have been described: canine distemper virus in the Baikal (Pusasibi-
rica) and Caspian seals (Pusacaspica); cetacean morbillivirus - in dolphins and whales; phocine distemper
virus - in harbor seals (Phocavitulina); porpoise morbillivirus- in porpoises (Phocoenaphocoena).

Morbilliviruses in marine mammals were first discovered in the late 1980s during the mass mortality
of harbor seals and gray seals (Halichoerusgrypus) on the North European coasts in 1987-1988.

Phocine distemper virus (PDV) caused widespread epizootics among harbor seals in the coastal wa-
ters of Northern Europe in 1988, which killed more than 12 thousand animals [4]. In 2002, this virus retur-
ned to the indicated population, causing the death of about 1000 animals on the coasts of Scandinavia [5].

Morbillivirus epizootics (including canine distemper virus) occurred in populations of pinnipeds and
cetaceans of the Northern Hemisphere [6]. The canine distemper virus caused the mass death of the Baikal
seal (Pusasibirica) in 1987-1988 in Siberia, this virus was also involved in the mortality of crabeater seals
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(Lobodoncarcinophagus) in 1955 in Antarctica. It was thought that the virus was transmitted to the
population of pinnipeds through contact with domestic dogs [7].

Morbillivirus infections with high mortality have been registered among porpoises, stripeddolphins
(Stenella coeruleoalba) and bottlenose dolphins (Tursiopstruncatus) |8, 9], harbor seals and harp seals
(Pagophilusgroenlandicus) [10]. The mass die-off of Caspian seals in the spring and summer of 2000 was
caused by canine distemper virus[11].

An infection potential of influenza A virus for the seals was made known from the epizootic outbreak
on the coast of New England in 1979-1980resulted death of 600 animals [12]. The genetic characterization
of the virus showed that all its RNA segments showed a close resemblance to those of avian strains. The
second epizooty among the seals, occurring with pronounced clinical manifestations of pneumonia,
occurred on the coast of New England in June 1982-August 1983 was associated with the influenza A
virus (H4NS5) [13].

Five strains of influenza A virus were isolated from seals that died from pneumonia on the Cape Cod
Peninsula (Massachusetts, USA) from January 1991 - February 1992, two of which were identified as A
(H4N6), and three as A H3N3. The HA genes of influenza A(H3N3) viruses were 99.7% identical to each
other. Phylogenctic analysis demonstrated a close relationship between their sequences and those of the
hemagglutinin H3 avian isolate. These data indicate that the influenza virus subtype H3 has been circu-
lating for a long time in seal populations [14].

Identification of various types of influenza viruses in the seal populations indicates the possibility of
their participation in genetic reassortment. Molecular- genetic studies established an avian origin of seal
influenza isolates [13].

Pandemic HINI influenza A virus isolated from northemn elephant seals (Miroungaangustirostris),
near the California coast of the United States in 2010. Full genome sequencing revealed more than 99%
homology with pandemic “swine” influenza virus A/California/04/2009which circulated among people
since 2009 [15].

In the fall of 2011 in New England (Massachusetts, USA), 162 seals died from pneumonia caused by
the influenza A virus (H3N8). The pathogen was found to be similar to influenza viruses of waterfowl that
circulated in North America since 2002 and had a mutation in the PB2 gene, characteristic of the highly
pathogenic for humans variant H5N1, which indicated its potential for interspecies transmission and
adapting to mammals [16].

Until recently, influenza A viruses did not isolate from the pinnipeds of the Palearctic. Previously,
virological evidence of their involvement in outbreaks of infection among seals was obtained only in the
North American continent.

Epizootics of marine mammals caused by influenza A viruses in other parts of the world, were first
reported in 2014. The influenza A virus (HION7) is isolated from found dead harbor seals (Phocavitulina)
on the North Sea coast in Sweden, Denmark, Germany [17-19] where over 1400 animals died.

Influenza A (HIN3) virus is isolated D.K. Lvov et al. [20] from a dwarf whale (Balaenopte-
raacutorostrata) in the South Pacific in 1975-1976. From toothed whales (long-finned pilot whale -
Globicephalamelas) V. Hinshaw et al. [21] identified the HI3N9 and HI3N2 influenza viruses genetically
close to the H13 viruses circulating among gulls.

The data about isolation of influenza A virus (H7N7) from the materials collected during mass
mortality of Caspian seals in April-June 2000-2002 was reported by Shestopalov A.M. et al. [22, 23] and
Chuvakova Z.K. et al. [24, 25] in conference papers and review article. Despite of an extreme importance
of those findings any other data about further characterization of genetic or pathobiological peculiarities of
epizootic strain have not been published.

Later, influenza A (H4N6) viruses were isolated from seals in the Russian waters of the Caspian Sea
in 2002 and 2012 |26, 27]. Phylogenetic analysis demonstrated that all genes ofseal origin A(H4N6) were
closely related to avian-derived influenza viruses of the classical Eurasian lineage circulating in wild
birds.

In contrast to influenza A viruses, which have been isolated from many different species, influenza B
viruses were human pathogens with no or unknown reservoirs in nature until 1999. However, further it
was argued that common and gray seals can become infected with this virus [28]. Influenza virus B was
isolated from juvenile harbor seal with symptoms of respiratory disease and in vitro infected cell culture of
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phocine kidney cells. Since the moment of acknowledgment of marine mammals as new hosts, there have
been several reports on the detection of antibodies to the influenza B virus in some species of Ofariid and
Phocid species [29, 30]. Based on these data, it was suggested that the seals may serve as a reservoir of the
human influenza B virus.

Adenoviral infections with clinical signs of hepatitis and enteritis have been noted in sea lions [31].
Outbreaks of this infection have also been observed in fur seals, sei whales(Balaenoptera borealis),
bowhead whales(Balaena mysticetus), beluga whales(Delphinapterus leucas), bottlenose dolphins [32-34].

Herpesviruses are isolated from seals with clinical signs of acute pneumonia and hepatitis in the
Netherlands in 1985. [35]. They are subsequently isolated from bottlenose dolphins, killer whales(Orcinus
orca), California sea lions and gray seals [36]. At present, seven species of herpes viruses (PhHV-1 -
PhHV-7), belonging to the genera alpha and gamma herpes viruses, have been isolated from phocids [35-
40]. In the infectious pathology of these animals, herpesvirus seals 1 [Phocid Herpesvirus type 1] (PhHV-
1) of the genus o-herpesviruses are most significant pathogen. Infection caused by these viruses in the
harbor seals and gray seals is characterized by respiratory manifestations with interstitial pneumonia and
coagulative necrosis of the adrenal tissues and liver [35, 41].

The rest six herpesviruses (PhHV-2 - PhHV-7) belong to the genus y- herpes viruses, of which
PhHV-4 and PhHV-7 have diagnostic importance in inflammation and ulceration of oral cavity soft tissues
of seals. PhHV-6 herpesvirus in seals is associated with eye disorders [39]. The role of the PhHV-2,
PhHV-3 and PhHV-5 viruses in the infectious pathology of seals remains unknown.

Herpesvirus PhHV-1 was isolated from newborn harbor seals with clinical signs of acute pneumonia
and hepatitis at a rehabilitation center in the Netherlands in 1985 [35]. In the Pacific harbor seal (Phoca-
vitulinarichardsii); this virus is associated with focal caogulatory necrosis of the adrenal cortex and liver.
In phylogenetic studies of PhHV-1DNA polymerase (gB) gene, their close relationship with herpesviruses
of dogs and cats has been established.

Serological studies have shown widespread infection of PhHV-1 or other closely related a-herpes
viruses in the free-ranging seal populations of the North Sea, as well as in the waters of the Antarctic and
the North Pacific [42-44].

The results of virological screening, molecular genetics and serological studies indicate the circu-
lation of PhHV-1 among Caspian seals and its possible involvement in their infectious pathology and
recurrent mortality [45].

Coronaviruses are common pathogens of the respiratory system, gastrointestinal tract and cause
systemic infections of domestic animals and wildlife.

Coronaviruses in marine animals were first described during seal mortality investigation in an
aquarium of Florida [46], as well as among free-ranging pinnipeds along the coast of central California [].
In harbor seals (harbor seal coronavirus - HSCoV), the infection is manifested by hemorrhagic pneumonia
and causes epizootics with high mortality. In cetaceans, coronoviruses were isolated from the beluga
whales in captivity [47] and from the feces of three Indo-Pacific dolphins (7ursiopsaduncus) [48].

HSCoV belongs to the genus of a-coronaviruses, closely related with coronoviruses of cats, dogs,
ferrets and pigs [1]. Beluga whale coronavirus and dolphin coronavirus are y-coronaviruses and represent
a special type of cetacean coronavirus [50].

In addition to the listed viruses that infect marine mammals, there are reports of astro-and poxvirus
zoonoses of cetaceans and pinnipeds [49-51].

Taken together, the available evidence suggests that the causative agents of these discases are detec-
ted only after mass outbreaks of infections that have reached an epizootic scales. Therefore, it requires
proactive diagnostic tools for the timely detection of new viruses with zoonotic potential capable of
causing outbreaks of diseases, in order to develop an effective strategy to combat the devastating epi-
zootics of vulnerable animal species.

Routinely, for the diagnosis of viral diseases, cell cultures are used to isolate pathogens, specific
antibody based immunological tests, and polymerase chain reaction (PCR) for amplifying viral gene
segments [52]. Unfortunately, all of them turned out to be ineffective in identifying previously unknown
viral pathogens due to their unculture ability and lack of diagnostic antibodies to them. The possibilities of
PCR diagnostics in such cases are also limited due to the need for specific oligonucleotide primers com-
plementary to the conserved sequence of the pathogen genome fragment.
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Unlike the above methods of identifying pathogens, viral metagenomics allows to identify new
viruses without prior knowledge of their genome sequences. Viral metagenomics is used to directly
identify new ctiological agents from the affected animal tissues with pathological alterations [53, 54]. For
example, in metagenomic studies of Ng et al. identified annclovirus (ZcAV) infection in two dead sea
lions [55]. The authors showed that ZcAV is found only in the lungs and pleural cavity, absent in the
tonsils, lymph nodes, liver and other organs. This indicates that metagenomics can be used to determine
the tissue tropism of new viruses. Subsequent studies have shown that the prevalence of the virus was high
during outbreaks among sea lions in captivity (100%), low in wild representatives (11%); all this indicates
the possibility of using metagenomic studies to detect viruses in marine animals. In addition to ZcAV, seal
anneloviruses and fur seal sacobuviruses have been discovered using metagenomic studies [56]. Bodewes
et al. [40] using metagenomic studies identified herpesvirus seal type 7 as an etiologic agent for ulcerative
gingivitis in seals. With a similar method of analysis, it is also shown that Enhydralutis papilloma virus 1
is the etiological agent of oral cavity tumors in sea otters.

In the context of the above provided, the Caspian seal, as an endemic marine mammal, is one of the
indicators of the Caspian Sea ecosystem. Diseases of unknown etiology [57-59] have a negative effect on
its population, which indicates the importance of metagenomic studies of Caspian seal virom seals to
establish the role of viral pathogens in their morbidity and regular mortality in conditions of intensive
habitat development.

A. U. Keiasipmanos, K. O. Kapavenann
MuxpoOHOIOTHY K9HE BUPYCOJIOTHS FHIIBIMH OHIIPICTIK OpTaNBIFBI, AmMarel, Ka3akcran

TEHI3 CYTKOPEKTUIEPIHIH BUPYCTBIK HHOEKIIUAJTAPBI
KIOHE METATEHOMHMKAJIBIK MOHUTOPHUHI TE ’KAHA BUPYCTAP/bI TABY

Annoramusa. [omyaa TeHI3 CYTKOpEKTinepinaeri TymMay A skoHe B BHpycTapbl, MOPOHITHBHPYCTApP, aACHO-,
TepIIEC-, KATUIM- KOHE KOPOHOBHPYCTAP KO3ABIPFAH IHACTTEP TYPAJbl MAaFayMat OepinreH. TeHi3 CYTKOPEKTIICPiHiH
BHPYCTHIK MH(CKIMSUIAPBIHBIH aYKbIMBI KAWBIHIA BHUPYCOJOTHSIIBIK JKOHE CEPOJIOTHSUIBIK JCPEKTEpP KENTIPIAreH.
TeHi3 cyTKOpeKTiIepAcTi TYMAy A BHPYCTAPBIHBIH IHACTIMCH OJapaaH aHTHreHAIK (opmymamapsr HIN1, HIN3,
H3N3, H3N8, H4N5, H4N6, H7N7, HION7, H13N2, H13N9 mramaapas! OKmaynam ajny >KaFJaiaapsl CHIIAT-
tanaxpl. UTOANBIKTapABIH anabplH-ala OCHIMAEIMETeH TyMay BHPYCBHIHBIH AyKbIMIBI CHEKTPIH TIKEICH >KYKTHIPY
MYMKIHIILTITT TOIUBIIAHFAH. TEHI3 ECKEKASKTHLUIAPHI aJaMHBIH B TyMaybl BUPYCBIHBIH TaOWFATTAaFbl CAKTAYIUbI-
CBIOCTCH TYCiHIKE OAaCBIMABIK OcpinreH. ECKEKAAKTHIIAp MCH KHTTOPI3AUIC) KOPOHABHPYCTAPBIHBIH KIACCH(HKA-
IISICHL TYPAIbl MAIIMETTED YChIHBUFAH. MTOANBIKTap repleCBUPYCTAPBIHBIH TYP ANYaHIBFBI MEH OJap TYFbI3aThIH
aypyxapasl Oamayaa KIMHHKAIBIK OCITiIepiHiH MAHBI3bI KOPCETINTeH. Aypy TYABIPYBI MYMKIH 300HO3MIBIK dJCYETI
6ap >kaHa BUPYCTAPBI AP KE3IHAE AHBIKTAY YIIIH YTKBIP JTHATHOCTUKAIBIK KYPaIAapAsI 33ipiey KOKeTTimrine 0aca
Ha3ap ayaapazsl. Kacmuit nTOanbIKTapsl MO JBITHACHHA 3THOIOTHCH OeNrici3ay pyIapaslH TEpic acepiepi >KoHiH-
ne aitreirrad. 1odyra TIpImimiK OpPTAchIH KAPKBIHABI MIEPY KAFJAHBIHAAFHI KACIHH HTOANBIFBI ayPyJapbIMCH TY-
PaKTHl 6JIM->KITIMIHE BHPYCTAPABIHKATBICHIH3ECPIACICY YINIHONAPABIH BHPOMBIHA MCTATCHOMHUKAIIBIK MOHHTOPHHT
JKYPTi3y KQKET ACTCH KOPBITHIH/BI KACAIBIHFAH.

Tyiiin ce3aep: BUPYC, TCHI3 CYTKOPEKTIIEPi, KACTIHMH UTOANBIFBI, BUPYC, METATCHOM/IBIK MOHHOPHHT.

A. N. Keiasipmanos, K. O. Kapavenann
HayuHo mpou3BOACTBEHHBIH LEHTP MUKPOOHOIOTHH 1 BUpPycoaoruu, Amvarel, Kazaxcran

BUPYCHBIE HHOEKIIMA MOPCKHUX MUIEKOIIUTAKOIIUX U
OBHAPYXEHHE HOBBIX BUPYCOB IIPH METATEHOMHOM MOHUTOPHHI'E

Annotammsi. B 0030pe mpeacrasieHbl CBEACHUS 00 SMHM300THAX CPEIH MOPCKHX MIICKOIIHUTAIONINX, BBI3BAH-
HBIX BHPYCAMH TpHIa poJoB A m B, mopOmmmmBupycamm, aneHo-, Teprec-, Kaaunu-, KopoHoBupycamu. [Tpuso-
JTCS BHPYCOJOTHYECKUC M CEPOJOTHICCKUE JAHHBIE O CIICKTPE BHPYCHBIX MH(PESKIHI MOPCKHX MICKOIHTAIOLIHX.
OnmCHIBAOTCSA CIIyYad SMH300THAY MOPCKUX MIICKOIMMTAIOIIMX BHPYCAMH TPHINIA A M M30JLIIHIA OT HUX IITAMMOB C
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anTurcHHEbIME (popmynamu HIN1, HIN3, H3N3, H3NS8, H4N5, H4N6, H7N7, HION7, H13N2, H13N9. Bricka3sr-
BACTCH MPCIANOI0KCHHC O BO3MOKHOCTH WH()HIIMPOBAHHS TIOJICHCH IIMPOKAM CIICKTPOM BHPYCOB TPHIMIA MyTEM
MPAMOH TPAHCMHUCCHHU OC3 MPCIBAPUTSIFHON aganTanuu. [10AMepKIBACTCS MOJIOKSHIE O TOM, YTO MOPCKHE JTACTO-
HOTHE MOIYT CIY>KUThb OJHHM U3 PE3€pBYapoB BHpyca rpumnmna B uyemoBeka B mpupone. IlpuBeacHbl JaHHBIE O
KIACCH(PHKAUH KOPOHABHPYCOB JIACTOHOTHX W KHTOOOpasHBIX. [loka3aHO pa3sHOOOpA3He TCPICCBHPYCOB JIACTO-
HOTHX W KIHHAYCCKASA 3HAYHMOCTB MOKA3aTeNICH HX 3a00JICBACMOCTH B JHATHOCTHKE BHPYCHBIX HH()CKITUI TIOJICHCH.
[MomuepkuBacTcsa MOTPEOHOCT B Pa3paboTKAX YHPSKIAFOMAX THATHOCTHYCCKHX HHCTPYMCHTOB I CBOCBPCMCH-
HOTO BBIABJICHHS HOBBIX BHPYCOB C 300HO3HBIM MOTCHIHATIOM, CIIOCOOHBIX BBI3BIBATH BCHBINIKH Oome3HCH. OTMe-
YAFOTCA OTPHULATCIBHBIC BO3ICHCTBHA 3a00/ICBAHINA ¢ HCBBLICHCHHBIMH 3THOJIOTHAMH HA TOIY JIHFO KACTTHHCKHIX
TIONICHCH. JIenacTcs 3aKIOUYCHAC 0 HCOOXOIMMOCTH MPOBCACHH MCTATCHOMHOTO MOHHTOPHHTA BHPOMA KACTTHHCKIX
TIOJICHCH I YCTAHOBICHHSA POJH BHPYCHBIX NATOTCHOB B HX 3a00JICBACMOCTH H PCTYIPHON CMCPTHOCTH B
YCIOBHAX HHTCHCHBHOTO OCBOCHHS CPSIBI OOUTAHHA.

Kirouernie ¢j10Ba: BHPYC, MOPCKHC MIICKOTIMTAIONING, KACTHHCKHHA THOJICHB, BUPOM, MCTATCHOMHBI MOHH-
TOPHHT.
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