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Even though most of aquatic animal pathogens are considered opportunistic and many pose a low direct risk to
personnel, all personnel working with aquatic pathogens and facilities using these organisms must comply with the
regulation to prevent the release of the pathogen into the environment and causing disease in aquatic animals. First
of all, in order to establish a biosafety system for aquatic pathogen, the list of microorganisms that can infect aquatic
animals and humans should be drawn up according to the microorganisms encountered within national boundaries.
Second, risk assessment guideline for diseases of livestock and aquatic environment is desperately needed. Third,
microorganisms should be classified into risk group based on their potential impact on human and aquatic environ-
ment. Fourth, facilities handling aquatic pathogens should ensure that these pathogens are securely contained and
safely handled for experimental or commercial development purposes. In conclusion, classification is based on the
pathogenicity, mode of transmission and host range of the aquatic microorganisms, availability of effective preven-
tative measures and treatments. Furthermore, risk group of aquatic pathogens should be correlated with physical
containment facility requirements according to domestic characteristics.

Keywords: Aquatic microorganisms, Culture collection, Risk group, Biosafety

N B2 Sciences, NBPRC)ol| 4] 2183 MARKETLINES] o&A}7
o ut2w 20194 4,5029] 2] FRAE o] AFF 74%
T SLRUH9 (COVID-19)2F 2 WAZE Alol & 237s) 20240l 6,4339) 2elo] o]& Ao s w

SRl AL Aol gPasey AxEgol, H
A o] Aol F7hsHA 2ol ek Al i

UTHNBPRC, 2020). HEop g2 = o] 7 A A7A|0)7}12,6099] &
2](57.9%)2 7P 2 AE Bk, T thy A ot

ot ol 5L A 2A| o] gloiA= b e aEhs 4ol 5359 22|(11.9%)2 2915 AA|5kaL k. Fjoll A% vlo)
AL Qlek. 53], Z2UH9 WY AHE ol YA @Ak BB S BT 6.3%R A5 ¢l SIS Holi 9
2 <A77t Jdﬁ}ﬂ AR LS AT AeS mok ovf, 2 3?17& AEFANE vEo] € A135(192%), Ho] .8t

= Eﬂ# S=57|ss WHAZ] Al A =7 7F REEA BFEL ) (128%), HE0] 2. 0]0FE(23.7%) w22 716t tH(Ministry

ok shz a4l aehe AHo] QI ESc oleie ARe 3
2] ujo] 9.411e] Shfol i FFS )73 glon], FHA Ko

= A ol gt oS Abrol A e Z yehar gk 7
ol 2, Ard5-5Hg 2 o1 LAl E] (National Institute of Agricultural

of Trade, Industry and Energy, 2019). 0] &2A)j+= Hlo] A
o] e oF 30%2 AAIakTL Qo0 of§ 7]4o] Az 31

87 274 D A771554 2A0] gk S8 7} teke Rop
o4 A1 Bg4o] Z71eha ol WA vlAE 9wl 2

*Corresponding author: Tel: +82.51.720.2114 Fax: +82.51.720.2302
E-mail address: immu202 1 @naver.com
@ @ This is an Open Access article distributed under the terms of
@ the Creative Commons Attribution Non-Commercial Licens
S (http://creativecommons.org/licenses/by-nc/3.0/) which permits

unrestricted non-commercial use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Copyright © 2021 The Korean Society of Fisheries and Aquatic Science

https://doi.org/10.5657/KFAS.2021.0585

Korean J Fish Aquat Sci 54(5), 585-595, October 2021

Received 24 August 2021; Revised 17 September 2021; Accepted 28 September 2021
AL A9 2] G(AF), 92 (AFAD, Halls (@), Fe3l(d
)

pISSN:0374-8111, elSSN:2287-8815


mailto:immu2021@naver.com

586 EX EREE

of] AIAAIA T 971009 P2 A E 31 9low, o
OFF, T, A AN 52 Tt FAIH 7R E =S A
© & of| 5511 glk(Heo et al,, 2016). T8 ol A= B A
AL Aol 2of, 8H, oluA] 5 TRt EokollA 28
shal Jlem, olF Ymrledt AF A or ddd oA

YA -8 Hliees oF 25% A= v w2 Holr. o] Tl
=, HEAE AR LR o] 8she WAl | E Al
ol AP Ao s 7P S8k e 2okt & 4 Qluk
Sk, A 2RE AEA Aol | Wialaked Rt opyf2h 2ol
© A7) E 3 AGAA|, 2= 9 Ak g] 7, 2= 9
oFF A, A% 715 AE 2 7164 o N, AaA B
F7h AR A A=A HdAH e vEE AlE kA of
T ZEA B U

ol

=
[=]

=L - 2| D ¥=xtEe| 2|

ror

A AAA S 2 vho] @4 o] A7} n] g EAFE 9] E8-A o]
Sfj == Al - of| A A=TheF/d E eF(Convention on Biological
Diversity) ¥ UaroF2] 4 4 (Nagoya Protocol)7} {1 =] %14,
71 ojutE 8 9] 9] n| A=A eS o8-8t Aol AATHA o
HA A, m AR gk F R /o] B F2rE| Qi) At
Ao w 7y A7PEE A=o] B{skal Q= nAEA S e
A Q)R kol gk A1E Z3lsHA Hlow, A= alf-
e nAEAEE 2AL W 3 SHE Sk o] B e Y|
olaL glek 20006 7HA] = A1 A 0. = FR1E wE 4= oF
3,523F0|9l o, e TS g Y A= kg o R
tlid 350F o]4Fe] Algo] AlEAl HarE|ar §lom, 2016 12
471702 £ 13,317%F°] S5 JTHKIOST, 2017).

A|A 2t YR EE 5717 o] 214 22 AR o= 1]
AEALSRYS &8kl Stk wA e =7FAE7] o] A}
A5 AR R S8staat g ES Haksto] o]§al ¢k
Ak, vAE 75 o83t ook ATt AbSlol| H
Sels 7 2 7] AR AR EE n| 8w Ve iRk
25t sto] AbY o8- AZAA7= Ao] Hat FasHA Q14
=) tH(Song et al., 2015). EAY, v A Q] &F1 -] W &

u

82 2702 Po ekSo] A nAEAAL Y e

= I

G| FES BASHL 354S ] ffsto] AR

Y T3l F= AL ATHNIAS, 2017). AlA w8 =AH

B(WFCC, 2021)0l14 &Fsk= HloleAllE o] 71

& Al Akzol| s, A 7871=2] 76870 m A=A
S=E ol e o]Fo] Hqd Al of 147te] ] o]

tHWDCM, 2021).

Feluehs ofrlol 57t Foll = S, A&, k=of olof H|
AR W2 e Bkl e =7tolw, @A 2670
of 2o 179 53 & Eq3hal lek(Table 1). WDCMe||
54 26709 = 23 FolA =7t AR st Al
et B2 6710 B, oA 7IA] o] 23S o

N oo

Norlrle 1o rlo o
Hn 091-4
re

CHas - e

Lok

8744 B2 A2 (Ministry of Science and ICT) AFs} g
A ek(National Research Foundation of Korea, NRF) 5]
A oIAR: 2| 2o} tsol 4 £.ofskan Slek(Table 2). 5717}
A4 st 9= 292 =1 H 5 Y ek(National Institute
of Agricultural Science)?] T|AYE-23(Korean Agricultural
Culture Collection, KACC), =+H=At}5-d(National Insti-
tute of Fisheries Science)?] gt=t4=Atn] AYE2}-91-L-3)(Korean
Culture Collection of Aquatic Microorganisms, KoCAM), &
YA 92 E (Animal and Plant Quarantine Agency)2] ¢t
F4=01 9 4211 2 3(Korea Veterinary Culture Collection,
KVCQ), = HE A A - (National Institution of Health)2] =
71 LA A28 (National Culture Collection for Pathogens,
NCCP), gr=Aivg33stolt9(Korea Research Institute of
Bioscience and Biotechnology)2] A=A Al E](Korean Col-
lection for Type Cultures, KCTC), 739 =+ A=A
(National Institute of Biological Resources, NIBR)©| Qlt}. o]
%o 4] KACCE 57412 %(Rural Development Administra-
tion), KVCCE -5 H =AM E 5 (Ministry of Agriculture, Food
and Rural Affairs), NCCP+= 2% 32 % (Korea Disease Con-
trol and Prevention Agency), KCTC+ m] 23z 1}5H-5 NIBR
£ 3k B(Ministry of Environment)o]| 4] of|AFS x| Iukr 9
O}, KoCAME 5 44hrahl of AHA ofibe gz %A
At KoCAM=2- 2006\ 78] U -4 9] AME = A 2+
o] gt -he] W 82 9J8) > = H T2 (seed bank)’
o] 71 Alo|w, 2021'd 78] KoCAM S 2 & o] B7 = qiTt.
= HASHE 0] KoCAME: HIE3Y, slSAF 925 2

TP H AT EYGck= 371 2>
A og2 Fastar Stk 53], AR YA Ee A
ZBolA frefE mgEAR S HaskaL ¢ & ol Al
Foll 3= 4

1
£ 147} 4L Holth, WDCMe] dlo]el7h 525 A|4o]

fr
rlo
o

Table 1. The status of culture collections and their retention of mi-
croorganisms in Asia region (WDCM website, 2021)

Countries and No. of Culture

No. of Cultures

regions collections
1 China 48 343,831
2 Japan 26 265,863
3 India 33 220,713
4 Korea (Rep. of) 26 175,183
5 Thailand 66 124,509
6 Iran 18 111,949
7 Chinese Taipei 2 75,746
8 Viet Nam 3 10,236
9 Malaysia 13 16,828
10 Indonesia 22 15,774
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Table 2. The culture collections in Korea
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WDCM . -
Number Name of culture collection Acronym Institution
847 I(\:/Il'mure Col!ectlon of Antimicrobial Resistant CCARM Seoul Women's University
icroorganisms

997 Culture Collection and DNA Bank of Mushrooms CCDBM University of Icheon
896 Culture Collection of Wild Mushroom CCWM University of Icheon
903 Center for Fungal Genetic Resources CFGR Seoul National University

Gyeongsang National University Hospital Culture . o .
984 Collection for Pathogens GNUHCCP Gyeongsang National Univerity Hospital
882 Helicobacter pylori Korean Type Culture Collection HPKTCC fﬂ}éz?r?gsang National University College of
806 KACC, Korean Agricultural Culture Collection KACC National Institute of Agricultural Science
893 KBPV Korea Bank for Pathogenic Virus KBPV Korea Bank for Pathogenic Virus
850 Korean Cell Line Bank/ Korean Cell Line Research () g/ iKCLRF  Seoul National University College of Medicine

Foundation

. Lo Korean Collection for Oral Microbiology,
1178 Korean Collection for Oral Microbiology KCOM School of Dentistry, Chosun University
597 KCTC Korean Collection for Type Cultures KCTC Biological Resource Center, Korea Research
Institute of Bioscience and Biotechnology
889 Korea National Environmental Microorganisms Bank ~ KEMB Kyonggi University
585 Korean Federation of Culture Collection KFCC Yonsei University
894 Korea Marine Microalgae Culture Center KMMCC Pukyong National University, Dept. of
Aquaculture
1234 Korean Culture collection of Aquatic Microorganisms ~ KoCAM National Institute of Fisheries Science
. . . KOLABIC (Korea Lichen and Allied

998 Korean Lichen & Allied Bioresources Center KOLABIC Bioreources Center)
915 Prostate Tissue and microorganism KPB Korea Prostate Bank
1147 Korea Standard Test Researcher KSTR Korea Standard Test Researcher
954 Korean Veterinary Culture Collection KVCC Animal and Plant Quarantine Agency
996 Myxobacteria Bank MyxoBank Hoseo Univeristy
852 National Culture Collection for Pathogens NCCP National Institution of Health
1116 Natlon_al Institute of Biological Resources culture NIBR National Institute of Biological Resources

collection
1064 Polar and Alpine Microbial Collection PAMC Korea Polar Research Institute
992 Bacteriophage Bank of Korea Phagebank Hankuk University of Foreign Studies
811 Plant Virus GenBank PVGB Seoul Women's University
993 Waterborne Virus bank WAVA The Catholic University of Korea
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Table 3. The culture collections of aquatic pathogens and aquatic microorganisms worldwide (WDCM , 2021)
WDCM

Number Name of culture collections Acronym No. of strain Institution

802 Tasmanian collection of fish bacteria TCFB 850 State Government of Tasmania (Au)
813 Collection of aquatic important microorganisms CAIM 1,883 Mexico (Gov)

865 China marine microbe collection CMMC 5,195 Yellow Sea Fisheries Research Institute
981 SUFAK bacterial collection SUFAKM 250 Istanbul University

1234 Korean culture collection of aquatic microorganisms ~ KoCAM 4,657 National Institute of Fisheries Science

Table 4. Classification criteria for marine and fisheries bio-resource

Main Category Economic value (Usability) Ecological value (Scarcity-:Conservation Academic value (Research and

urgency) Development)
Edible Legally protected species Native species
- . s . Status of the breed development,
ﬁltzsis(tt‘zlgscsjl’ﬂg% Medicinal Number of individual (population) and biotechnology Research
grades, respec- Industrial materials Growth/Habitat specificity Connectivity of traditional knowledge
tively) Use as environment and food Distributional characteristics (scarcity) Genetic characteristics

Ornamental, Landscaping, Cultural Ecological role in habitat Intellectual property rights
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Table 5. Biosafety acts and relevant ministries related to pathogens and toxins in Korea

Name of institute

Name of act Designated pathogens

Ministry of Health and Welfare (Korea Disease
Control and Prevention Agency)

Infectious diseases control and prevention act

36 high-risk pathogens

Act on the control of the manufacture, export and import
of specific chemical substances and biological agents for
the prohibition of chemical and biological weapons

Ministry of Trade, Industry and Energy

67 biological agents and
poisons

Ministry of Agriculture, Food and Rural Affairs
(Animal and Plant Quarantine Agency)

Act on the prevention of contagious animal diseases

200 contagious animal
diseases

Table 6. Classification of infective microorganism by risk group (WHO, 3rd edition)

Risk group Definition Microorganisms
Risk (No or low individual and community risk) L .
group 1 A microorganisms that is unlikely to cause human and animal disease Escherichia coll
(Moderate individual risk, low community risk)
Risk A pathogen that can human or animal disease but is unlikely to be a serious hazard to laboratory Vibrio cholerae
roUD 2 workers, the community, livestock or the environment. laboratory exposures may cause serious Hepatitis virus
group infection, but effective treatment and preventive measures are available and the risk of spread of P
infection is limited
Risk (High individual risk, low community risk) Yersinia pestis
roup 3 A pathogen that usually causes serious human or animal diseases but does not ordinarily spread SARS vir%s
group from one infected individual to another. Effective treatment and preventive measures are available
(High individual and community risk)
Risk A pathogen that usually causes serious human or animal disease and that can be readily transmitted Ebola virus
group 4 from one individual to another, directly or indirectly. Effective treatment and preventive measures are  Lassa virus

not usually available
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Table 7. The biosafety items used for estimating biosafety level 2 (from Lee et al., 2005)

Categories

ltems

Laboratory coveralls, gowns or uniforms

Closed-toed footwear
Safety glasses
Masks

Latex gloves

Personal protective equipment

Autoclaves
Pipetting aids

Equipment for biosafety Loop incinerator

Periodical decontamination of equipment

Imperviousness to water and resistance to the organic solvents of bench tops

Structure of laboratory
Hand washing sinks

Different lockers for protective laboratory clothing from those for street clothing

Biohazard warning symbol and sign

Management of laboratory

Chemical disinfectants used in the of spills of infectious materials

Limited access to the laboratory when work with infectious agents

Training in safety measures as an integral part of new employee’s introduction to the laboratory
Maintenance of adequate medical record for all personnel in case of need

Biosecurity

Continuing education for biosafety and biosecurity

Written protocols or safety or operation manuals
Laboratory’s protocol for biosafety and biosecurity
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Table 8. Classification of risk group for animal pathogens in Korea
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A, 2 Woll A o] =4 9, ol 9l A = W o] £ 5
o 3t $1% 58 7H(risk assessment)S A A5} 71 A wbo] whe} 14
=Y Y& (risk group, RG)= +E-313L I tH(University of
Tasmania, 2021). L A9t Q1A LA of= He] FAMEET
LA Fo A 44A1 9] =2 W A (aquatic containment lev-
elye 8sk= HEAle 7] vi2el 2eAde] S5 1-3
SE7HARE 2L tk(Table 10). Hv]A] ol A= 7Hutet

Class

Livestock epidemics

Name of disease

Livestock epidemics of category |
Livestock epidemics of category Il
Zoonosis-related among high-risk pathogens

Special management animal
pathogens

Contagious bovine pleuropneumonia
Foot and mouth diseases

Bovine spongiform encephalopathy
Rabies, Anthrax, Q-fever

Nipah virus infection, Lassa fever
Ebola virus disease, Smallpox

Etc.

Livestock epidemics of category Il
Livestock epidemics of category llI
Other infectious disease pathogens of animals designated

General management animal

Fowl typhoid, Fowl! cholera
Blackleg, Brucellosis (Brucella spp.)
Avian mycoplasmosis

Bovine ephemeral fever

Canine distemper, Parvo

pathogens by the head of APQA Porcine rotavirus infection
Equine influenza, Lyme disease
Zika virus disease, Taeniasis
Etc.

Other pathogens Non - Livestock epidemics of category I, Il and Il

Table 9. Classification of legally designated diseases of aquatic animal in Korea

Category Definition Reportable diseases Control measures
Group 1 Stamping out diseases Spring viraemia of carp - ISslgllzJagt;igfr
Acute hepatopancreatic necrosis disease Movement restriction
Epizootic ulcerative syndrome
Epizootic haematopoietic necrosis
Infectious salmon anaemia
. Crayfish plague Isolation
Group 2 Dlseases'that have not Infectious hypodermal and haematopoietic necrosis Movement restriction
occurred in Korea . . e :
Infectious myonecrosis Waste incineration
White tail disease
Necrotising hepatopancreatitis
Acute hepatopancreatic necrosis disease
Koi herpesvirus disease
. Red sea bream iridoviral disease o
Group 3 Diseases that occurred Viral haemorthagic septicaemia Movement restriction

frequently in Korea

Taura syndrome

Waste incineration

White spot disease
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(Public Health Agency of Canada)”} The Canadian Biosafety AFS- = &= (pre-exposures and post-exposure measures), 91
Guideline (2018)-2- ¥H7tslaL, ¥ 914 (pathogenicity), A4 2 Aol ti gt 91384 (communicability), <555 ¢ (host range), 73

Table 10. The risk group of aquatic pathogen in Australia (University of Tasmania, 2021)

Risk group Containment level Organism

No tables are provided for Risk group 1, as the number of relevant

Risk group 1 Aquatic containment level (AQC) 1 microorganisms is very large

Abalone herpesvirus

Aphanomyces invadans

Aeromonas salmonicida subsp.(exc. subsp. salmonicida)
Batrachochytrium dendrobatidis

Bonamia exitiosa

Bonamia sp.

Edwardsiella ictaluri

Epizootic haematopoietic necrosis virus

Gill-associated virus

Infectious hypodermal and haematopoietic necrosis virus
Macrobrachium rosenbergii nodavirus

Marteillia sydneyi

Nervous necrosis virus

Ostreid herpesvirus-1 including uVar

Perkinsus olseni

Ranavirus

Risk group 2 AQC 2

Aeromonas salmonicida subsp. salmonicida
Aphanomyces astaci
Bonamia ostreae
Candidatus hepatobacter penaei
Channel catfish virus
European catfish virus/ European sheatfish virus
Grouper iridovirus
Gyrodactylus salaris
Infectious haematopoietic necrosis virus
Infectious myonecrosis virus
Infectious pancreatic necrosis virus
Infectious salmon aneamia virus
Koi herpesvirus
Laem-Singh virus

Risk group 3 AQC 3 Marteilia refrigens
Marteilioides chungmuensis
Mikrocytos mackini
Myxobolus cerebralis
Perkinsus marinus
Piscirichettsia salmonis
Red seabream iridovirus
Renibacterium salmoninarum
Salmonid alphavirus
Spring viraemia of carp virus
Taura syndrome virus
Vibrio parahaemolyticus (VPA
Xenohaliotis califoniensis
Yellow head virus
Yersinia ruckeri— Hagerman strain

Risk group 4 AQC 4 No pathogens
Risk group 1, low individual and low community risk. These microorganisms are unlikely to cause disease. Risk group 2, moderate indi-

HPND)

vidual risk, limited community risk. These microorganisms are unlikely to be a significant risk to laboratory workers or the environment, but
exposure may cause infection. Risk group 3, high individual risk, limited/moderate community risk. These microorganisms usually cause
serious disease and may present a significant risk to laboratory workers, but may only present a moderate risk of spreading amongst a com-
munity. Risk group 4, high individual and high community risk. These microorganisms usually cause life-threatening disease and may be
readily transmissible. Effective treatments are not usually available.
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jucd)

A 1hg & 7K economic impact) 5 =413 H-Z RG | ol& =7tollA AABIAL Q= FAMIEE UA Y SR B
of|A] RG 4714 & -75}3l(Table 11), ¥ 4 H-E pathogen A E A EH, -2 ufetol| A HIHEHA| £e] B = Adllte]
safety data sheet (PSDSs)Z A|5-3}1 it} o]t AR = & 31 Streptococcus iniae®} Edwardsiella tarda 52 )55
% glo]ElHo]2(Risk Group Database)?l ‘ePATHogen of| A] O] Z7Lol| A RG 2&2 A A =] o] ¢lt}. 1AW Renibacterium sal-

AlgElct. o] 2lo& A& H 3] (American Biological moninarum®|tt A& U © 7)+= Lactococcus garvieae
safety association, ABSA)o|A] &-F3l= YA ER] ‘& o] AL o= I A o] T2 Ao ZholE 4= gl
glo] s o] A(risk group database) | A &= TFoFE =AM A& o] Qo) &, Yol Fol| A BelE= Aeromonas salmonicida®™
of thgt 9¥lsw BHEE AlestaL ATHABSA, 2021; Table =7PHE RG 1 = RG 28 tf2A] £7E o] Qlrh. w7pds
12). TS A o] Zpo] = QlsfiA] -2juhet FAEE A A2t

& HL.7|+= Mt 5 3] S. parauberis, E. piscicida, A.
hydrophila 5ol 3t A Hi= ZrokE 4= FITk(Table 11). A
= 5YLS E(Genus)of| SolA =7PERE HF5Fol th
EA AP E A= A=, S uetel A= TRk Aol ¢l
ARk, A E Y] o] ok FAshe Ao® Al

Table 11. Overview of risk groups in terms of individual and com-
munity risk in Canada

Risk group  Individual risk Community risk Example

i Commensal
Risk group 1 No or Low Low bacteria 0|5, Aphanomyces invadans=RG 22 2| A E|o] 919IA]4L,
i 7H 2] YA AR R U A, astaci= RG 32 2| G =]
Risk group2 ~ Moderate Low Pathogenic : :
Escherichia coli ol Ql=dl, ol ml=at FH oAl A. astaciz 13+ 17} 42}
/ st 2] B oAl 9% .
Risk group 3 High Low Batc/;//us. alal, EU A= e oAk B ¥ 4| (devastating pathogen)Z A
anfracts o] 917] W0 2 whekElthMakkonen et al., 2016).
Risk group 4 High High Ebola virus Table 129] YERA A=, EU 27} oA B, AQ A,

Table 12. Risk group database of American biological safety association (my.ABSA.org)

Pathogenicity

Pathogens - Country (risk group level)

Human  Animal
Aphanomyces astaci no yes Australia/New Zealand (3), Belgium (3), Switzerland (3)
Renibacterium salmoninarum no yes Belgium (3), Switzerland (2), Germany (1)
Streptococcus iniae yes no NIH* (2), Belgium (2), Germany (1), Switzerland (2)
Lactococcus garvieae no yes Belgium (2), Germany (2), Switzerland (2)

NIH (2), Australia/New Zealand (2), EU (2), UK (2), Germany (2),

Edwardsiella tarda yes yes Switzertand (2)

Edwardsiella ictaluri yes yes Belgium (2/RG3 in animal), Germany (2), Switzerland (2)
Edwardsiella anguillimortifera no yes Belgium (2), Switzerland (2)

Flavobacterium columnarae no yes Belgium (2), Germany (1), Switzerland (2)
Aeromonas salmonicida salmonicida no yes Belgium (2), Switzerland (2), Germany (1)
Listonella anguillarum no yes Belgium (2), Switzerland (2)

Photobacterium damsela subsp. damsela yes yes Belgium (2), Germany (2), Switzerland (2)
Vibrio vulnificus yes yes Australia/New Zealand (2), EU (2), Germany (2)
Vibrio parahaemolyticus yes no NIH (2), EU (2), UK (2), Germany (2)

Vibrio ordalii yes yes Belgium (2), Germany (1), Switzerland (2)
Vibrio alginolyticus no yes Belgium (2), Germany (2), Switzerland (2)
Vibrio fluvialis yes no Belgium (2), Germany (2), Switzerland (2)
Vibrio ichthyoenteri no yes Belgium (2), Germany (1), Switzerland (2)
Vibrio samonicida no yes Belgium (2), Switzerland (2)

Salmonid herpesvirus no yes Belgium (3), Germany (1), Switzerland (2)
Channel catfish virus no yes Belgium (2), Germany (1), Switzerland (2)

*NIH, National Institute of Health of USA.
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7100 o] Z7F Aol tiet A= S R P A
ARt Aoz afelE Q). 53], M7 o o] sk 7] 4H(Scien-
tific Institute of Public Health)ol| A= Al 52152 WA
of] th3t A& A ¥ (Belgian Biosafety Server, 2021)S H:
B st glon, thokgt AMIEEAA o] et sw
= A7gstar A FHa e QFlSkaL Stk o 7| A= ml=
A=A 3](ABSA, 2021)04 Al55HA] b= B A o
S AR T Akl =t gk A& oJol o] Al cyprinid
herpesvirusE S5 YA 2 £5513L RG 28 A A5} 9l
TS0 2|ofo] 7A3l= infectious pancreatic necrosis
virus (IPNV)= RG 32 A7t Qleh. Solgh & 7t
(ePATHogen)ol| A<= RG 40| sjF5H= AME =8 LA 7} A
g o] QUA| QYA W] o) &f 9 FA Gl ofl ZH st
infectious hematopoietic necrosis virus (IHNV)E RG 4¢]], vi-
ral hemorrhagic septicemia virus (Egtved virus)E RG 32 A
gstar qlek gHE, wfollA slEY fFor 2 A
U= Anisakis spp.i= Q1A A #1955 28 2] =] Aot
o] @]of| &= T ol A= G 200 A= o] = E. ictaluri®}
E. tarda 2§ 257 Q1AM YA =A RG 28 A = o] glom, &
YA Z A= RG 32 AAFE o] Qi) o] 2ol Mycobacte-
rium marinum, S. iniae X V. vulnificus= Q1 A|, 55 X550 A
RG 2= A7 = o] i},
.

A At AAR, AREY] & oA e 7t
E3A =71e] Awae] 55 H7ksk= EU (DIRECTIVE
2000/54/ Council DIRECTIVE 89/391/EEC)E H]|&3f 7yt
o, 55 9 w3 Sol Al AEIHA HlofEuo] A8 Selel
A, B AR RN E IR Selsta glon],
A PAAE 7T, 2ot WAt B2 i vjelst
I Quek AATA] A EE LA SollA ARt des- gt
S do7|= A AT, HaE A8
AR AR =R
A7 dizoll Fgoll Bagh U
7} nped = o} Ao gitt.

whebA], ol A ARl o A S Uo7 Ao
o Ao HEstaL, FAlA e tiek &
= o] Algsittal Aztgttt. o] & flefiA= HHAE =
S0l iRk 1A 7EF WA o] FofAfof gt} ofn] wA| A o
2 PAMEHUAIE e 3t S m 7ol B agh dapet
iAol mped o} glom, SfolA= SAMEE AR A
S o] ARt 4=Q] Al BRFH 9RA AR A& vl E of
AUtk 339} EU w77l A= Aol et 1 e 5=
off Zko]7t URE AL =7PE 2 A9 #lelet 27 Wol
Ao BE A, WA Y] = 59 Zpolof 7]QIgE Ao]
bz Sefuete] A AEA R A4S AR E, QAo o

5l - %3]

o

Sl@Aol FRPH o wefslo] SIUBA T ol 2ol Ao o
EAS U ST BRE S

37 ofs} A7) g 7
A -elube Agol gl 2Ak T oAb ek $13
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AL S o] SelEls W AAo] ofe EaAel 9135
RS AL WA, AR U] $7E elassks
3, 749 %550) ), BN A, B0 M o AETH 8k
9 52 A0 1) 9FH7HE ANstelok & Soltt.
AR HPAEAY B ol Eakel S4B Lo
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Ao, A% el e oA 9 Astet 7 Ak
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