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Research update on:

1. KHV diagnostics

2. Treatment against KHVD

3. Confirmation of KHV
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1. KHV diagnostics
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1. KHV qPCR
Gilad et al. 2004
(Bergmann et al. 2010)
- pooling

- health monitoring max. 2 fish

2. KHV conventional PCR
Bercovier et al. 2005 
(CEFAS / FLI + nested+ seq.)
Engelsma et al. 2013 (+ nested + seq.)

EU OIE 
recommendation

1. KHV conventional PCR
Bercovier et al. 2005
Yuasa et al. 2005

(both + seq.)

2. KHV qPCR for surv. only
Gilad et al. 2004
- pooling

- KHVD max. 2 fish
- health monitoring max. 5 fish

CiD (EU) 2015/1554 (Sept. 11th 2015)
valid from April 1st 2017

Manual of Diagnostic Tests for
Aquatic Animals 2017, ch 2.3.7.

only to molecular assays



© Sven M. Bergmann

Pathogenesis and sample collection

Early pathogenesis: 0 – 3 dpi

to 1st dpi: - KHV enters through gill and gut tissues but not via skin (no mRNA)
- after 2 hpi  in gill and gut cells (weak mRNA)
- after 4 hpi in leucocytes (weak mRNA – first capsid assembly)
- after 6 hpi in all inner organs (weak mRNA)

from 1st dpi – explosive replication in kidney and liver
- spread by leucocytes
- released via gut

from 3rd dpi - occurrence in skin, gut and gills again in leucocytes but also
epithelial cells (gills, perhaps gut)

- virus release via gut and gill



ISH  carp kidney

25 mg

PCR - PCR +

+ sensitivity of the assay
(enzyme etc.)

carp kidney samples and KHV

low sensitivity of virus detection methods due 
to low concentrations
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„outside“ tissues (peracute KHVD)

co
pi

es

time pi

mRNA

no mRNA


Diagramm1

		0 h		0 h

		1 h		1 h

		2 h		2 h

		4 h		4 h

		6 h		6 h

		8 h		8 h

		1 d		1 d

		2 d		2 d

		4 d		4 d

		5 d		5 d

		6 d		6 d

		7 d		7 d

		8 d		8 d

		10 d		10 d



gill

skin

1000

1000

60

50

80

70

100

200

5

5

5

5

500

400

10000

5000

15000

10000

500000

700000

500000

750000

80000

800000

100000

800000

500000

500000



Tabelle1

		

										gill		skin

								0 h		1000		1000

								1 h		60		50

								2 h		80		70

								4 h		100		200

								6 h		5		5

								8 h		5		5

								1 d		500		400

								2 d		10000		5000

								4 d		15000		10000

								5 d		500000		700000

								6 d		500000		750000

								7 d		80000		800000

								8 d		100000		800000

								10 d		500000		500000





Tabelle1

		



gill

skin



Tabelle2

		





Tabelle3

		







© Sven M. Bergmann

tissues 1 - 2 h pi

attached from outside

gill

DNA bearing cells in the mucus

skin 
in the mucus only
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„inside“ tissues (peracute KHVD)
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positive

		

				Nr.		Gilad		nested		TK		nested		gp-2		sn		real-time		Leipzig

		Fish 1		4														-

		0 hpi		6		-		-		-		-		-		-		-

				7		-		-		-		-		-		-		-

				8		-		-		-		-		-		-		-

				9		-		-		-		-		-		-		-

				10		-		-		-		-		-		-		-

				11		-		-		-		-		-		-		-

				12		-		-		-		-		-		-		-

		Fish 2		16		-		-		-		-		-		-		-

		0 hpi

				18		- (-)		- (-)		- (-)		+ (-)		-		-		- (-)

				19		- (-)		- (-)		- (-)		-  (-)		-		-		- (-)

				20		- (-)		- (-)		- (-)		- (-)		-		-		- (-)

				22		-		-		-		-		-		-		-

				23		-		-		-		-		-		-		- (-)

				24		+		+		+		+		+				-

		Fish 3		25		+		+		+		+		+		+		26				gill swab

		1 hpi		26		+		+		+		+		+		+		26				skin swab

				27		+		+		+		+		+		+		27				finbase swab

				28		-		-		-		-		-		-		-				leukocytes

																						serum

				30		+		+		+		+		-		-		30		32		gill

				31		+		+		+		+		-		-		30		33		skin

				32		-		+		-		-		-		-		-		-		spleen

				33		-		-		-		+		-		-		-		-		kidney

				34		-		-		-		-		-		-		-		-		gut

				35		-		-		-		-		-		-		- (34)		-		liver

				36		-		-		-		-		-		-		-		-		brain

		Fish 4		37		+		+		+		+		+		+		28				gill swab

		1 hpi		38		+		+		+		+		+		+		28				skin swab

				39		+		+		+		+		+		+		29				finbase swab

				40		+		+		+		+		+		+		-				leukocytes

																						serum

				42		+		+		+		+		+		neg.		31		34		gill

				43		-		-		-		+		-		-		-		-		skin

				44		-		-		-		-		-		-		-		-		spleen

				45		-		-		-		-		-		-		-		-		kidney

				46		-		-		-		-		+		-		-		-		gut

				47		-		+		-		-		+		-		34		-		liver

				48		-		-		-		-		+		-		-		-		brain

		Fish 5		49		+		+		+		+		+		+		27		29		gill swab

		2 hpi		50		+		+		+		+		+		+		29		34		skin swab

				51		-		+		+		+		+		+		31		34		finbase swab

				52		-		-		+		+		+		+		-				leukocytes

																						serum

				54		-		+		+		+		+		+		29		-		gill

				55		-		+		+		+		+		+		34		34		skin

				56		-		-		-		-		+		+		-		-		spleen

				57		-		-		-		-		+		+		-		-		kidney

				58		-		-		-		-		+		+		-		-		gut

				59		-		-		-		-		+		+		-		-		liver

				60		-		-		+		+		+		+		-		-		brain

		Fish 6		61		+		-		+		+		+		+		29		34		gill swab

		2 hpi		62		-		-		+		+		+		+		29		33		skin swab

				63		-		-		+		+		+		+		29		32		finbase swab

				64		-		-		+		+		+		+		-				leukocytes

																						serum

				66		-		-		-		-		-		+		- (34)		-		gill

				67		-		-		-		-		-		-		-		-		skin

				68		-		-		-		-		-		+		-		-		spleen

				69		-		-		-		-		-		+		-				kidney

				70		-		-		-		-		-		+		-				gut

				71		-		-		-		-		-		+		-				liver

				72		-		-		-		-		-		+		-				brain

		Fish 7		73		-		-		+		+		+		+		29				gill swab

		4 hpi		74		-		-		+		+		+		+		29				skin swab

				75		-		-		+		+		+		+		30				finbase swab

				76		-		-		-		-		-		-		-				leukocytes

																						serum

				78		-		-		-		-		-		-		-				gill

				79		-		-		-		-		+		+		-				skin

				80		-		-		-		-		-		-		-				spleen

				81		-		-		-		-		+		+		-				kidney

				82		-		-		-		-		-		-		-				gut

				83		-		-		-		-		-		-		-				liver

				84		-		-		-		-		+		+		-				brain

		Fish 8		85		-		-		+		+		+		+		31				gill swab

		4 hpi		86		-		-		+		+		+		+		29				skin swab

				87		-		-		-		-		-		+		29				finbase swab

				88		-		-		-		-		-		-		-				leukocytes

																						serum

				90		-		-		+		+		-		+		33				gill

				91		-		-		-		-		-		-		-				skin

				92		-		-		-		-		-		-		-				spleen

				93		-		-		-		-		-		-		-				kidney

				94		-		-		+		+		-		+		33				gut

				95		-		-		-		-		-		-		-				liver

				96		-		-		-		-		-		-		-				brain

		Fish 9		97		-		-		-		-		+		+		28				gill swab

		6 hpi		98		-		+		+		+		+		+		30				skin swab

				99		-		+		+		+		+		+		32				finbase swab

				100		-		-		+		+		+		+		32				leukocytes

																						serum

				102		-		-		-		-		-		-		-				gill

				103		-		-		-		-		+		-		-				skin

				104		-		-		-		-		-		-		-				spleen

				105		-		-		-		-		-		-		-				kidney

				106		-		-		-		-		-		-		-				gut

				107		-		-		-		-		-		-		-				liver

				108		-		-		-		-		-		-		-				brain

		Fish 10		109		-		+		+		+		+		neg.		30				gill swab

		6 hpi		110		-		+		+		+		+		+		30				skin swab

				111		-		+		+		+		+		+		30				finbase swab

				112		-		-		+		+		+		-		34				leukocytes

																						serum

				114		-		-		-		-		+		+		35				gill

				115		-		-		-		-		-		-		-				skin

				116		-		-		-		-		-		-		-				spleen

				117		-		-		-		-		-		-		-				kidney

				118		-		-		-		-		-		-		-				gut

				119		-		-		-		-		-		-		-				liver

				120		-		-		-		-		-		-		-				brain

		Fish 11		121		-		+		+		+		+		+		30				gill swab

		8 hpi		122		-		+		+		+		+		+		30				skin swab

				123		-		+		+		+		+		+		28				finbase swab

				124		-		-		-		-		-		-		-				leukocytes

																						serum

				126		-		+		-		-		+		+		35				gill

				127		-		-		-		-		+		-		-				skin

				128		-		-		-		-		-		-		-				spleen

				129		-		-		-		-		-		-		-				kidney

				130		-		-		-		-		-		-		-				gut

				131		-		-		-		-		-		-		-				liver

				132		-		-		-		-		-		-		-				brain

		Fish 12		133												+		32				gill swab

		8 hpi		134		-		+		+		+		+		+		27				skin swab

				135		+		+		+		+		+		+		29				finbase swab

				136		-		+		+		+		+		+		30				leukocytes

				137		-		-		+		+		+		-		-				serum

				138		-		-		-		-		-		-		-				gill

				139		-		-		-		-		-		-		-				skin

				140		-		-		-		-		-		-		-				spleen

				141		-		-		-		-		-		-		-				kidney

				142		-		-		-		-		-		-		-				gut

				143		-		-		-		-		-		-		-				liver

				144		-		-		+		+		+		+		-				brain

		Fish 13		145		-		+		+		+		+		+		33				gill swab

		1 dpi		146		-		+		+		+		+		+		29				skin swab

				147		-		+		+		+		+		+		30				finbase swab

				148		-		-		-		-		-		+		-				leukocytes

				149		-		-		-		-		-		+		-				serum

				150		- (-)		- (+)		- (-)		- (-)		- (-)		+		- (34)'				gill

				151		- (-)		- (-)		- (-)		- (-)		- (-)		+		- (-)				skin

				152		- (-)		- (-)		- (-)		- (-)		+ (-)		+		- (-)				spleen

				153		- (-)		- (+)		- (-)		- (+)		- (-)		+		- (34)				kidney

				154		- (-)		- (-)		- (-)		- (+)		- (-)		+		- (-)				gut

				155		- (-)		+ (-)		- (-)		- (-)		- (-)		+		- (-)				liver

				156		- (-)		- (-)		- (-)		- (-)		- (+)		-		- (-)				brain

		Fish 14		157		-		+		+		+		+		+		- (30)				gill swab

		2 dpi		158		+		+		+		+		+		+		30 (27)				skin swab

				159		+		+		+		+		+		+		27				finbase swab

				160		-		+		-		-		+		+		27 (-)				leukocytes

																		-				serum

				162		+		+		-		+		+		+		- (34)				gill

				163		-		+		+		+		-		+		28 (34)				skin

				164		-		-		-		-		-		+		- (34)				spleen

				165		-		-		-		-		-		+		- (-)				kidney

				166		-		+		+		+		-		+		- (34)				gut

				167		-		-		-		-		-		-		- (-)				liver

				168		-		-		+		+		+		+		- (-)				brain								fish 19 cts		standards				fish 20 cts		standards

		Fish 15		169		-		+		+		+		+		+		33				gill swab						218		21				230		24

		3 dpi		170		-		+		+		+		+		+		30				skin swab						219		20		33		231		23		33

				171		-		+		+		+		+		+		30				finbase swab						220		21		27		232		26		27

				172		-		-		-		-		+		+		-				leukocytes						221		30		20		233		32		20

																						serum						223		26		14		235		25		14

				174		-		-		-		-		+		+		- (34)				gill						224		20				236		27

				175		-		-		-		-		-		+		33 (-)				skin						225		27				237		28

				176		-		-		-		-		+		+		-				spleen						226		26				238		25

				177		-		-		-		-		-		+		- (34)				kidney						227		27				239		29

				178		-		+		-		-		-		+		- (34)				gut						228		31				240		30

				179		-		-		-		-		-		+		- (31)				liver						229		27				241		31

				180		-		-		-		-		-		+		- (-)				brain

		Fish 16		181		-		-		-		-		-		-		25				gill swab

		4 dpi		182		-		-		-		-		-		-		26				skin swab								fish 21 cts		standards				fish 22 cts		standards

				183		-		-		-		-		-		-		27 (26)				finbase swab				gill swab		242		33/34				254		20

				184		-		-		-		-		-		-		- (34)				leukocytes				skin swab		243		32		32		255		19		32

																						serum				finbase swab		244		31		25		256		18		25

				186		-		-		-		-		-		-		32 (31)				gill				leukocytes		245		34		19		257		29		19

				187		-		-		-		-		-		-		34 (31)				skin				serum

				188		-		-		-		-		-		-		-				spleen				gill		247		0		13		259		23		13

				189		-		-		-		-		-		-		- (34)				kidney				skin		248		32				260		23

				190		-		-		-		-		-		-		- (-)				gut				spleen		249		34				261		27

				191		-		-		-		-		-		-		- (-)				liver				kidney		250		30				262		24

				192		-		-		-		-		-		-		- (-)				brain				gut		251		0				263		28

		Fish 17		193		+		+		+		+		+		+		20				gill swab				liver		252		0				264		27

		5 dpi		194		+		+		+		+		+		+		19				skin swab				brain		253		0				265		29

				195		+		+		+		+		+		+		17				finbase swab

				196		+		+		+		+		+		+		27				leukocytes

																						serum

				198		+		+		+		+		+		+		31 (21)				gill

				199		+		+		+		+		+		+		21				skin

				200		+		+		+		+		+		+		27				spleen

				201		+		+		+		+		+		+		26				kidney

				202		+		+		+		-		+		+		26				gut

				203		+		+		+		+		+		+		27				liver

				204		+		+		+		+		+		+		29				brain

		Fish 18		205		+		+		+		+		+		+		20				gill swab

		6 dpi		206		+		+		+		+		+		+		21				skin swab

				207		+		+		+		+		+		+		24				finbase swab

				208		-		+		+		+		+		+		-				leukocytes

				209																		serum

				210		-		+		+		+		-		+		29				gill

				211		+		+		+		+		+		+		27				skin

				212		+		+		+		+		+		+		29				spleen

				213		+		+		+		+		+		+		27				kidney

				214		-		+		-		-		-		-		31				gut

				215		-		+		+		+		-		+		33				liver

				216		-		+		+		+		+		+		31				brain

		Fish 19		218		+		+		+		+		+		+		21				gill swab

		7 dpi		219		+		+		+		+		+		+		20				skin swab

				220		+		+		+		+		+		+		21				finbase swab

				221		-		+		+		+		+		-		27				leukocytes

																						serum

				223		+		+		+		+		+		+		26				gill

				224		+		+		+		+		+		+		20				skin

				225		+		+		+		+		+		+		27				spleen

				226		+		+		+		+		+		+		26				kidney

				227		+		+		-		+		+		+		27				gut

				228		+		+		+		+		+		+		31				liver

				229		-		+		+		+		+		+		27				brain

		Fish 20		230		+		+		+		+		+		+		24				gill swab

		8 dpi		231		+		+		+		+		+		+		22 (23)				skin swab

				232		+		+		+		+		+		+		26				finbase swab

				233		-		+		+		+		+		+		29				leukocytes

																						serum

				235		+		+		+		+		+		+		25				gill

				236		+		+		+		+		+		+		27				skin

				237		+		+		+		+		+		+		28				spleen

				238		+		+		+		+		+		+		25				kidney

				239		-		+		+		+		+		+		29				gut

				240		-		+		+		+		+		+		30				liver

				241		-		+		+		+		+		+		31				brain

		Fish 21		242		-		+		+		+		+		+		34				gill swab

		9 dpi		243		-		+		+		+		+		+		32				skin swab

				244		-		+		+		+		+		+		31				finbase swab

				245		-		-		-		-		-		-		- (34)				leukocytes

																						serum

				247		- (-)		- (+)		+ (+)		+ (+)		+		+		- (34)				gill

				248		- (-)		+ (+)		+ (+)		+ (+)		+		+		31 (32) (33)				skin

				249		- (-)		- (+)		+ (+)		+ (+)		-		+		- (34) (-)				spleen

				250		+ (-)		+ (+)		+ (+)		+ (+)		+		+		30 (34)				kidney

				251		- (-)		- (-)		- (-)		- (+)		-		-		- (-)				gut

				252		- (-)		- (-)		- (-)		- (-)		+		+		- (-)				liver

				253		- (-)		- (-)		- (-)		- (-)		+		+		- (-)				brain

		Fish 22		254		-		-						+				20				gill swab

		10 dpi		255		+		+		+		+		+		+		19				skin swab

				256		+		+		+		+		+		+		18				finbase swab

				257		+		+		+		+		+		+		27				leukocytes

																						serum

				259		+		+		-		-		+		-		23				gill

				260		+		+		+		+		+		+		23				skin

				261		+		+		+		+		+		-		27				spleen

				262		+		+		+		+		+		+		24				kidney

				263		+		+		+		+		+		+		28				gut

				264		+		+		+		+		+		+		27				liver

				265		-		-						+				29				brain

		Fish 23		266		-		-		-		+		+		-		37				gill swab

		88 dpi		267		-		-		-		+		+		-		35				skin swab

		survivor		268		-		-		-		+		+		-		35				finbase swab

				269		-		-		-		+		+		-		-				leukocytes

				270												-						serum

				271		-		-		-		+		-		-		-				gill

				272		-		-		-		-		-		-		-				skin

				273		-		-		-		+		+		-		-				spleen

				274		-		-		-		+		+		-		-				kidney

				275		-		-		-		-		+		-		-				gut

				276		-		-		-		-		-		-		-				liver

				277		-		-		-		-		-		-		-				brain

		fine swab		278		-		+		-		+		+		-		35

		feaces		279		-		-		-		-		+		-		-





negative

		negative

				c		Gilad		nested		TK		nested		gp-2		sn

				145		-		-		-		-		-		-

				146		-		-		-		-		-		-

				147		-		-		-		-		-		-

				148		-		-		-		-		-		-

				150		-		-		-		-		-		-

				151		-		-		-		-		-		-

				152		-		-		-		-		-		-

				153		-		-		-		-		-		-

				154		-		-		-		-		-		-

				155		-		-		-		-		-		-

				156		-		-		-		-		-		-

				157		-		-		-		-		-		-

				158		-		-		-		-		-		-

				159		-		-		-		-		-		-

				160		-		-		-		-		-		-

				161		-		-		-		-		-		-

				162		-		-		-		-		-		-

				163		-		-		-		-		-		-

				164		-		-		-		-		-		-

				165		-		-		-		-		-		-

				166		-		-		-		-		-		-

				167		-		-		-		-		-		-

				168		-		-		-		-		-		-

				169		-		-		-		-		-		-

				170		-		-		-		-		-		-

				171		-		-		-		-		-		-

				172		-		-		-		-		-		-

				173		-		-		-		-		-		-

				174		-		-		-		-		-		-

				175		-		-		-		-		-		-

				176		-		-		-		-		-		-

				177		-		-		-		-		-		-

				178		-		-		-		-		-		-

				179		-		-		-		-		-		-

				180		-		-		-		-		-		-





Tabelle3

		

				Nr.		Gilad		nested		TK		nested		gp-2		sn		real-time

																										gill swabs		skin swabs		finbase swabs

				25		+		+		+		+		+		+		26				gill swab		1 h		80000		80000		50000

				26		+		+		+		+		+		+		26				skin swab		2 h		50000		1000		100

				27		+		+		+		+		+		+		27				finbase swab		4 h		5000		5000		1000

		fish 3		28		-		-		-		-		-		-		-				leukocytes		6 h		10000		1000		10

		1h																				serum		8 h		1000		1000		10000

				30		+		+		+		+		-		-		30		32		gill

				31		+		+		+		+		-		-		30		33		skin		1 d		5		5000		1000

				32		-		+		-		-		-		-		-		-		spleen		3 d		5		5		1000

				33		-		-		-		+		-		-		-		-		kidney

				34		-		-		-		-		-		-		-		-		gut

				35		-		-		-		-		-		-		- (34)		-		liver

				36		-		-		-		-		-		-		-		-		brain

				49		+		+		+		+		+		+		27		29		gill swab

				50		+		+		+		+		+		+		29		34		skin swab

				51		-		+		+		+		+		+		31		34		finbase swab

				52		-		-		+		+		+		+		-				leukocytes		gill		skin				gill		skin

		fish 5																				serum		30		30		1 h		1000		1000

		2 h		54		-		+		+		+		+		+		29		-		gill		29		34		2 h		50000		5

				55		-		+		+		+		+		+		34		34		skin		0		0		4 h		0		0

				56		-		-		-		-		+		+		-		-		spleen		0		0		6 h		0		0

				57		-		-		-		-		+		+		-		-		kidney		35		0		8 h		5		0

				58		-		-		-		-		+		+		-		-		gut

				59		-		-		-		-		+		+		-		-		liver		34		0		1 d		5		0

				60		-		-		+		+		+		+		-		-		brain		34		33		3 d		5		5

				73		-		-		+		+		+		+		29				gill swab

				74		-		-		+		+		+		+		29				skin swab

				75		-		-		+		+		+		+		30				finbase swab

				76		-		-		-		-		-		-		-				leukocytes

																						serum

		fish 7		78		-		-		-		-		-		-		-				gill

				79		-		-		-		-		+		+		-				skin

		4 h		80		-		-		-		-		-		-		-				spleen

				81		-		-		-		-		+		+		-				kidney				spleen		kidney		gut		liver		brain		leukocytes

				82		-		-		-		-		-		-		-				gut		1 h		0		0		0		0		0		0

				83		-		-		-		-		-		-		-				liver		2 h		0		0		0		0		0		0

				84		-		-		-		-		+		+		-				brain		4 h		0		0		0		0		0		32

																								6 h		0		0		0		0		0		0

				97		-		-		-		-		+		+		28				gill swab		8 h		0		0		0		0		0		0

				98		-		+		+		+		+		+		30				skin swab

				99		-		+		+		+		+		+		32				finbase swab		1 d		0		34		0		0		0		0

				100		-		-		+		+		+		+		32				leukocytes		3 d		34		34		31		0		0		0

																						serum

		fish 9		102		-		-		-		-		-		-		-				gill				spleen		kidney		gut		liver		brain		leukocytes

				103		-		-		-		-		+		-		-				skin		1 h		0		0		0		0				0

		6 h		104		-		-		-		-		-		-		-				spleen		2 h		0		0		0		0				0

				105		-		-		-		-		-		-		-				kidney		4 h		0		0		0		0				0

				106		-		-		-		-		-		-		-				gut		6 h		0		0		5		0				0

				107		-		-		-		-		-		-		-				liver		8 h		0		0		0		0				10

				108		-		-		-		-		-		-		-				brain				0		0		0		0				0

																								1 d		0		5		0		0				0

				121		-		+		+		+		+		+		30				gill swab		3 d		7		5		5		0				0

				122		-		+		+		+		+		+		30				skin swab

				123		-		+		+		+		+		+		28				finbase swab

				124		-		-		-		-		-		-		-				leukocytes

		fish 11																				serum

				126		-		+		-		-		+		+		35				gill

		8 h		127		-		-		-		-		+		-		-				skin

				128		-		-		-		-		-		-		-				spleen

				129		-		-		-		-		-		-		-				kidney

				130		-		-		-		-		-		-		-				gut

				131		-		-		-		-		-		-		-				liver

				132		-		-		-		-		-		-		-				brain

				145		-		+		+		+		+		+		33				gill swab

				146		-		+		+		+		+		+		29				skin swab

				147		-		+		+		+		+		+		30				finbase swab

				148		-		-		-		-		-		+		-				leukocytes

		fish 13		149		-		-		-		-		-		+		-				serum

				150		- (-)		- (+)		- (-)		- (-)		- (-)		+		- (34)'				gill

		1 d		151		- (-)		- (-)		- (-)		- (-)		- (-)		+		- (-)				skin

				152		- (-)		- (-)		- (-)		- (-)		+ (-)		+		- (-)				spleen

				153		- (-)		- (+)		- (-)		- (+)		- (-)		+		- (34)				kidney

				154		- (-)		- (-)		- (-)		- (+)		- (-)		+		- (-)				gut

				155		- (-)		+ (-)		- (-)		- (-)		- (-)		+		- (-)				liver

				156		- (-)		- (-)		- (-)		- (-)		- (+)		-		- (-)				brain

				169		-		+		+		+		+		+		33				gill swab

				170		-		+		+		+		+		+		30				skin swab

				171		-		+		+		+		+		+		30				finbase swab

				172		-		-		-		-		+		+		-				leukocytes

																						serum

		fish 15		174		-		-		-		-		+		+		- (34)				gill

				175		-		-		-		-		-		+		33 (-)				skin

		3 d		176		-		-		-		-		+		+		-				spleen

				177		-		-		-		-		-		+		- (34)				kidney

				178		-		+		-		-		-		+		- (34)				gut

				179		-		-		-		-		-		+		- (31)				liver

				180		-		-		-		-		-		+		- (-)				brain
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gill

spleen, blood vessels
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gut tissue 4 h pi

KHV released at the first time!
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kidney (vessel  associated)

tissues 4 - 8 h pi
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„outside“ tissues

+ replication in
leucocytes
gut
gills


Diagramm1

		0 h		0 h

		1 h		1 h

		2 h		2 h

		4 h		4 h

		6 h		6 h

		8 h		8 h

		1 d		1 d

		2 d		2 d

		4 d		4 d

		5 d		5 d

		6 d		6 d

		7 d		7 d

		8 d		8 d

		10 d		10 d



gill

skin

1000

1000

60

50

80

70

100

200

5

5

5

5

500

400

10000

5000

15000

10000

500000

700000

500000

750000

80000

800000

100000

800000

500000

500000



Tabelle1

		

										gill		skin

								0 h		1000		1000

								1 h		60		50

								2 h		80		70

								4 h		100		200

								6 h		5		5

								8 h		5		5

								1 d		500		400

								2 d		10000		5000

								4 d		15000		10000

								5 d		500000		700000

								6 d		500000		750000

								7 d		80000		800000

								8 d		100000		800000

								10 d		500000		500000





Tabelle1

		



gill

skin



Tabelle2

		





Tabelle3

		







© Sven M. Bergmann

KHV divertisity
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KHV diversity / variation

• necessary to detect different types auf KHV for vaccine development

• molecular tracing for KHV all over the world

marker I marker II

VNTR 
(≙ 0,56% genome)

duplex PCR marker
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VNTR PCRs in praxi

1. new primers
2. diff. annealing temp.
3. differences to CyHV-1 /2 in VNTR3
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MLVA applied to KHV passages (100) onto CCB at 20°C
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Development on a new TaqMan qPCR based on VNTR3

KHV-J:
KHV-U:

KHV-J:
KHV-U:

KHV-J:
KHV-U:

KHV-J:
KHV-U:



Some results with the new VNTR3 qPCRs

negativenegativ
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Sequence analysis using 8 VNTRs
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Idendity undetermined 
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Variable numbers of tandem repeats qPCR (VNTR-qPCR)
with sequence analysis of 8 VNTRs (Klafack et al. 2017)

Asian lineage European lineage - Asian lineage

© Sven M. Bergmann



© Sven M. Bergmann

Recommendation for the diagnostics

1. Use of at least two molecular assays (diagnostics + monitoring)
- qPCR + VNTR3 qPCR
- qPCR + TK (+ nested + sequnece analysis)
- qPCR + PAN (+ nested + sequnece analysis)

2. Sequence analysis of the fragments

3. Sample collection (from 5 dpi)
- Organs - gill swabs or gill bioptate (non-lethal)

- leucocytes (non-lethal)
- gill and kidney (lethal)

4. Pooling
- early infection – single samples (gills)
- from day 5 pi – two fish (gills)
- latent infection – stress induction (gills)

(24 – 48 h) (30 -60% pos.)
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2. Treatment against KHVD
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2.1. Hygenic measuremnets
- „clean“ parents generation (cat. I)
- always clean hatchery
- disinfection (biosecurity)

2.2. Immunoprophylaxis (immunization)
2.2.1.  inactivated vaccine from (a high virulent) KHV
2.2.2.  attenuated live vaccine
2.2.3.  genteically engeneered vaccine
2.2.4.  immunostimmulation with virus eradication (alternative)
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2.2.1. Inactivated vaccine (heat, BEI)

KHV-I (10 4 TCID50/ml) KHV-T (10 6 TCID50/ml)

CCB cells

20°C 26°C

field test
10.000 carp ip

67.8 % PSR 78.8 % PSR
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2.2.2.  attenuated live vaccine

KV 3 (Israel, KoVax Ltd.)
Cavoy (Canada, Novartis)

Germany FLI

AK 129 (KHV-I)

- passages onto CCB cells
- 129 – 140 x at 28°C

- 102.85 TCID50 /  10 µl

results: survival rate pch
(before 92% survival after ip)

ip = 100 % 
immersion =   65 %
orally =   43 %

Att  Vacc G (KHV-T)

- passages onto CCB cells
- 0 – 100 x at 20°C

- 104-6 TCID50 /  ml

results: survival rate pch
(P78, P 51, P 99)

P 78= 100% 80%
P 51=  10% -
P 99=  20% -
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ORF 55 (TK) ORF 123 (DUT)

50000 100000 150000 200000 250000 bp

Knock out Knock out

2.2.3. Geneticly engeneered vaccine (3 variants)

immersion
vaccination

immersion
challenge

del TK 92% 100%
del DUT 92% 100%
del TK/DUT 95% 100%
rev TK 78% 100%
rev DUT 45% 100%
KHV-T 38% ´ 90%
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2.2.4.  immunostimmulation with virus eradication

Exopolysaccharide  (EPS) from marine alagae

Results KHV-E + EPS

d pi
0

5

10

15

20

25

1 3 5 7 9 11 13 15 17 19 21 23 25 27

neg. co + inf.

pEPS + inf.

2xpEPS, -, inf.

inf.; EPS

6 weeks then infected

6 weeks 1x EPS then infected 

6 weeks 2x EPS then stop + infection 

6 weeks then infected the 1x EPS

Results KHV-T + EPS
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		26		26		26		26		26		26		26

		27		27		27		27		27		27		27

		28		28		28		28		28		28		28
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Tabelle1

		

										48		56		50		52		50

				neg. co		EPS		BM		pro BM / BM + KHV		pro EPS / EPS+KHV		meta EPS + KHV		meta BM + KHV		pos. co

		1		0		0		0		0		0		0		0		0

		2		0		0		0		0		0		0		0		0

		3		0		0		0		0		0		0		0		0

		4		0		0		0		0		0		0		0		0

		5		0		0		0		0		0		0		0		0

		6		0		0		0		0		0		0		0		0

		7		0		0		0		0		0		0		0		0

		8		0		0		0		0		0		0		0		0

		9		0		0		0		0		0		0		0		0

		10		0		0		0		0		0		0		0		0

		11		0		0		0		0		0		0		0		2

		12		0		0		0		0		1		0		0		2

		13		0		0		0		1		1		0		0		5

		14		0		0		0		1		1		0		0		5

		15		0		0		0		2		1		0		0		5

		16		0		0		0		2		1		1		0		6

		17		0		0		0		4		2		2		0		6

		18		0		0		0		4		2		2		1		8

		19		0		0		0		7		2		2		1		8

		20		0		0		0		7		2		2		5		8

		21		0		0		0		8		2		3		5		8

		22		0		0		0		8		2		3		8		8

		23		0		0		0		8		2		3		10		10

		24		0		0		0		8		2		3		10		13

		25		0		0		0		8		2		3		10		13

		26		0		0		0		9		2		3		11		13

		27		0		0		0		10		2		4		12		16

		28		0		0		0		11		2		4		12		17





Tabelle2

		

										48		56		50		52		50

				neg. co		EPS		BM		pro BM / BM + KHV		pro EPS / EPS+KHV		meta EPS + KHV		meta BM + KHV		pos. co

		1		0		0		0		0		0		0		0		0

		2		0		0		0		0		0		0		0		0

		3		0		0		0		0		0		0		0		0

		4		0		0		0		0		0		0		0		0

		5		0		0		0		0		0		0		0		0

		6		0		0		0		0		0		0		0		0

		7		0		0		0		0		0		0		0		0

		8		0		0		0		0		0		0		0		0

		9		0		0		0		0		0		0		0		0

		10		0		0		0		0		0		0		0		0

		11		0		0		0		0		0		0		0		4

		12		0		0		0		0		2		0		0		4

		13		0		0		0		2		2		0		0		10

		14		0		0		0		2		2		0		0		10

		15		0		0		0		2		2		0		0		10

		16		0		0		0		4		2		2		0		12

		17		0		0		0		4		4		2		0		12

		18		0		0		0		8		4		4		2		16

		19		0		0		0		15		4		4		2		16

		20		0		0		0		15		4		4		10		16

		21		0		0		0		17		4		6		10		16

		22		0		0		0		17		4		6		15		16

		23		0		0		0		17		4		6		20		20

		24		0		0		0		17		4		6		20		26

		25		0		0		0		17		4		6		20		26

		26		0		0		0		19		4		6		21		26

		27		0		0		0		21		4		7		23		26

		28		0		0		0		23		4		7		23		34





Tabelle2
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meta BM + KHV

pos. co

% mortality
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Tabelle1

		

						TV 02/15 EPS KHV								Infektion am 29.04.2015 mit KHV-T HP 1088 (Pool), 816-Passage 6.

																HP		1064		3.		60 ml

										Mortalität								1074		5.		10 ml

												Becken						1075		13. (80.)		20 ml

								40		41		42		43				1092		3.		450 ml

				Datum		dpi		40 Tiere		40 Tiere		40 Tiere		38 Tiere								540 ml

		23.02.-28.04.15						-		EPS (60)		EPS (120)		-

		28.04. Infektion (KHV-T)				0		5x Probe		5x Probe		5x Probe		5x Probe										Morbidität

								-		EPS (60)		-		EPS (60)								40		40		40		38

						dpi		40		41		42		43						dpi		40		41		42		43

				29		1		0		0		0		0				29		1		0		0		0		0

				30		2		0		0		0		0				30		2		0		0		0		0

				31		3		0		0		0		0				31		3		0		0		0		0

				1.5.		4		0		0		0		0				1.5.		4		0		0		0		0

				2		5		0		0		0		0				2		5		0		0		0		0

				3		6*		0		0		0		0				3		6*		20		4		10		10

				4		7**		0		0		0		0				4		7**		32		10		22		16

				5		8		0		0		0		0				5		8		36		30		18		26

				6		9		0		0		0		0				6		9		38		38		15		34

				7		10		0		0		0		0				7		10		40		40		10		35

				8		11		0		0		0		0				8		11		40		40		8		38

				9		12		0		0		0		0				9		12		40		40		8		38

				10		13		0		0		0		0				10		13		40		40		6		38

				11		14***		0		0		0		0				11		14		40		40		6		38

				12		15		0		0		0		0				12		15		40		40		6		38

				13		16****		2		1		0		0				13		16		39		39		3		34

				14		17		4		1		0		0				14		17		35		39		3		30

				15		18		4		1		0		0				15		18		35		39		3		25

				16		19		5		1		0		0				16		19		33		35		3		27

				17		20		5		1		0		0				17		20		25		34		1		14

				18		21		6		1		0		1				18		21		18		33		1		6

				19		22		6		1		0		1				19		22		13		27		0		6

				20		23		6		1		0		1				20		23		3		22		0		6

				21		24		6		1		0		1				21		24		0		15		0		3

				22		25		6		1		0		1				22		25		0		9		0		3

				23		26		6		1		0		1				23		26		0		3		0		0

				24		27		6		1		0		1				24		27		0		3		0		0

				25		28		6		1		0		1				25		28		0		3		0		0

																		04.06.*****				36		39		40		37

						6*		Abgeschlagenheit, verminderte Futeraufnahme

						7**		Schleim erhöht, Blutungen an Flossen und in der Haut,										14***		40: alle krank + 3 schwer (Löcher in der Haut, Flossennekrose)

								rötlich-braune Stellen in der Haut (kreisrund bis elliptisch)												41: alle sehr krank, 10 x sehr schwer

								Pseudofäces in allen Becken												42: 10% krank, 1x schwer

				Probennahme:				8 x Fast Koi HV  (Lateral flow) negativ												43: alle leicht krank, 3 x schwer (+ Blutungen, Enophthalmus etc.)

								qPCR		IC-2		KHV-ELISA		EPS-ELISA

						40-1		28/29		27/27		-		-				16****		Entnahme der moribunden Tiere

						40-2		35/36		27/26		-		-						40		0		(+1 x tot)

						41-1		26/26		28/28		-		-						41		1

						41-2		33/34		26/27		-		-						42		0

						42-1		28/27		28/27		-		-						43		0

						42-2		23/23		27/27		-		-

						43-1		29/29		26/27		-		-						beide tote Karpfen mit Fastkoi +!

						43-2		29/29		27/27		-		-

																		04.06.*****		sichtbare abgeheilte KHV-I

						Alle storbenen Tiere (n=8) waren positiv im Fast-Koi-Test.





Tabelle2

		

								TV 02/15		ESP-KHV

				Seren								ELISA

												EPS		KHV

				4764								-		-

				4765								-		-

				4766		neg. Ko 1		Becken		0.Blutung		-		-

				4767				40				-		-

				4768								-		-

				4769								-		-

				4770		vorher BM		Becken				-		-

				4771				41		0.Blutung		-		-

				4772								-		-

				4773								-		-

				4774								-		-

				4775								-		-

				4776		vorher EPS		Becken		0.Blutung		-		-

				4777				42				-		-

				4778								-		-

				4779								-		-

				4780								-		-

				4781		neg. Ko 2		Becken		0.Blutung		-		-

				4782				43				-		-

				4783								-		-

				4784								-		-

				4785								-		-

				4786		kein EPS		Becken		1.Blutung		-		-

				4787				40		(vor KHV)		-		-

				4788								-		-

				4789								-		-

				4790								-		-

				4791								-		-

				4792		1x EPS		Becken		1.Blutung		-		-

				4793		8 Wochen		41		(vor KHV)		-		-

				4794								-		-

				4795								-		-

				4796								-		-

				4797								-		-

				4798		2x EPS		Becken		1.Blutung		-		-

				4799		8 Wochen		42		(vor KHV)		-		-

				4800						EPS bis KHV		-		-

				4801								-		-

				4802								-		-

				4803								-		-

				4804		kein EPS		Becken		1.Blutung		-		-

				4805				43		(vor KHV)		-		-

				4806						EPS ab KHV		-		-

				4807								-		-

				4808		kein EPS		Becken		2. Blutung		-		-

				4809				40		6. dpi		-		-

				4810		1x EPS		Becken		2. Blutung		-		-

				4811				41		6. dpi		-		-

				4812		kein EPS		Becken		2. Blutung		-		-

				4813		mehr		42		6. dpi		-		-

				4814		1x EPS		Becken		2. Blutung		-		-

				4815				43		6. dpi		-		-





Tabelle3

		

								Mortalität

										Becken

						40		41		42		43

		Datum		dpi		40 Tiere		40 Tiere		40 Tiere		38 Tiere

						-		EPS (60)		EPS (120)		-								% cummulative Mortality

				0		5x Probe		5x Probe		5x Probe		5x Probe

						-		EPS (60)		-		EPS (60)								neg. co

				dpi		40		41		42		43						dpi		neg. co + inf.		pEPS + inf.		2xpEPS, -, inf.		inf.; EPS

		29		1		0		0		0		0				29		1		0		0		0		0

		30		2		0		0		0		0				30		2		0		0		0		0

		31		3		0		0		0		0				31		3		0		0		0		0

		1.5.		4		0		0		0		0				1.5.		4		0		0		0		0

		2		5		0		0		0		0				2		5		0		0		0		0

		3		6*		0		0		0		0				3		6*		0		0		0		0

		4		7**		0		0		0		0				4		7		0		0		0		0

		5		8		0		0		0		0				5		8		0		0		0		0

		6		9		0		0		0		0				6		9		0		0		0		0

		7		10		0		0		0		0				7		10		0		0		0		0

		8		11		0		0		0		0				8		11		0		0		0		0

		9		12		0		0		0		0				9		12		0		0		0		0

		10		13		0		0		0		0				10		13		0		0		0		0

		11		14***		0		0		0		0				11		14		0		0		0		0

		12		15		0		0		0		0				12		15		0		0		0		0

		13		16****		2		1		0		0				13		16		1		1		0		0

		14		17		4		1		0		0				14		17		10		1		0		0

		15		18		4		1		0		0				15		18		10		1		0		0

		16		19		5		1		0		0				16		19		13		1		0		0

		17		20		5		1		0		0				17		20		13		1		0		0

		18		21		6		1		0		1				18		21		15		1		0		1

		19		22		6		1		0		1				19		22		15		1		0		1

		20		23		7		1		0		1				20		23		18		1		0		1

		21		24		7		1		0		1				21		24		18		1		0		1

		22		25		7		1		0		1				22		25		18		1		0		1

		23		26		9		1		0		1				23		26		23		1		0		1

		24		27		9		1		0		1				24		27		23		1		0		1

		25		28		9		1		0		1				25		28		23		1		0		1





Tabelle3

		



neg. co + inf.

pEPS + inf.

2xpEPS, -, inf.

inf.; EPS
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Conclusion for combat

Vaccination and alternatives are possible and 
can be used very sucessfully.
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3. Confirmation of KHV

PCR and nested PCR (Engeslma et a. 2013)
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PCR according Engelsma et al. 2013 
(PAN-CyHV PCR, ORF 79, viral DNA polymerase)

PCR 361 bpPCR 339 bp

Recent legislation: 
98% similarity of consensus sequences (3) = KHV
> 98% = no KHV (atypical reacting KHV)

Recognizing : 
CyHV-1 (capo), CyHV-2 (GHV), CyHV-3 (KHV) and AngHV-1 (HVA)

Sequence analysis of fragments:
1. Which one? PCR or nested PCR or both?
2. Which part of the ORF 79?
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„normal“ nested PCR fragment
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„difficult“ nested PCR fragment
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C, T or G

C or GC or G

C or G

- KHV variants mix 
- NGS confirmed by JC Avarre and Bergmann.
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95%

99%

97%

98%

What is right and what is wrong?
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Investigation on atypical reacting and normal reacting KHV
(PAN CyHV PCR, % similarity)

340-280 bp 150-160 bp atyp. Tk/n ca GHV HVA

2 96 100 97 -/+ 86 81 79

atyp. 4 95 99 96 -/+ 86 80 78

5* 96 99 97 -/- 85 78 72

7* 97,7 99 96 -/- 82 77 71

typ. 8 98 100 98 +/+ 84 78 74

10 100 100 97 +/+ 83 78 73

* isolates onto CCB cells but from the organs



© Sven M. Bergmann

Investigation KHV isolates at different temperatures
(PAN CyHV PCR, % similarity from 10th passage)

15°C 20°C 25°C

KHV-T 100 100 100

KHV-E 96 100 97
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Conclusion for the confirmative PCR

1. value 98% similarities is very, very artificial

2. if necessary 95% would fit to KHV variants (with mortality!)
95 -100% = KHV

>90 % = different herpesviruses

3. other and /or confirmative qPCRs? (qPCR VNTR3 or lin. qPCR?)
(specific to KHV not to other aquatic herpesviruses)
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Thank you very, very much!

Working group Dr. Walter Fuchs

Lars Schröder

Prof. Dr. Dr. h.c. Thomas C. Mettenleiter 



Yeonhwa Jin Sandro Klafack

Kyo Hyun Kim

Irina Werner

Thank you very, very much!
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JC Avarre



© Sven M. Bergmann

Prof.  Wang Qing
Dr. Wang Yingying
Dr. Zeng Weiwei
Li Yingying
Prof. Kielpinska
Natalia



Thank you for 
your attention!
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