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Abstract : Rabbit hemorrhagic disease is a highly acute and fatal viral disease caused by rabbit hemorrhagic
disease virus (RHDV). Since first outbreak in Korea 1987, RHDV has been continually affected in the
country, but the pattern of outbreak seem to be changed. In this study, to understand the pathogenesis of
the new RHDVa serotype, we therefore carried out to inoculate RHDVa to rabbits, and to examine the
sequential histopathologic changes and viral distribution. Macroscopically, various sized dark red or white
spots or appearance were observed in the liver, lung, kidney uterus and ureter. In euhanized rabbits,
significant pathologic findings such as infiltration of heterophils and mononuclear cells were observed at
24 hours after inoculation (HAI), and these were sequentially extended periportal to centrilobular area.
However, in dead rabbits, severe hepatic degeneration and/or necrosis with relatively weak inflammatory
responses were observed. RHDV antigens began to detect in liver, spleen, and lung from 12 HAI by PCR.
Immunohistochemically, RHDV positive cells were seen in only liver from 24 HAI, and the degree of
immunogen reactivity was stronger in dead rabbits than in euthanized ones. In conclusion, RHDVa caused
the subacute or chronic infection accompanying low mortality and moderate to severe inflammatory reaction
in rabbits, suggesting the possibility that RHD could become endemic.

Keywords : chronic infection, histopathologic changes, new RHDVa serotype, rabbit hemorrhagic disease,
viral distribution
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Fig. 1. Gross findings of rabbit inoculated with RHDVa (Table 1), 3=
isolate at 48 hours after inoculation. (A) Bloody discharge was o 12A)7F Bh oA = O] o] Wulo]
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Table 1. Histopatholgic findings in rabbits inoculated with RHDVa or PBS

Hours after inoculation

Histopathologic change’ Control
12 24 36 48 60 72

Liver
Kufter's cell activation - + + + + + _
Heterophil infiltration — ++ ++ e ++ + _
Lymphobhistocytic infiltration - ++ ++ +++ +++ ++ -
Hepatocyte degeneration - ++ -+ -+ + + _
Hemorrhage™ - - S ot . _ B

Lung
Multifocal hemorrhage - - + -+ + _ _
Interstitial pneumonia - - _ + _ _ _

"Grade of histopathologic change: —, no lesions; +, mild; ++, moderate; +++, marked. "moribund animal only.
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Fig. 2. Histopathologic findings of the liver of rabbits
inoculated with RHDVa isolate. (A) There was no lesion
in control group and at 12 hours after inoculation (HAI). (B)
Inflammatory cells such as heterophils and mononuclear
cells were infiltrated in the liver at 24 HAI (C) Pyknotic
hepatocytes were scattered in the liver at 36 HAL (D) The
dissociation of hepatic cell cord and hemorrhage were
observed at 48 HAL. (E) The aggregated foci of inflammatory
cells existed in the liver at 60 HAIL (F) The smaller foci
of inflammatory cells were present in liver at 72 HAI. Scale
bars =100 um (A), 50 um (B-F). H&E stain.
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Fig. 3. The number of RHDV antigen-positive cells in the
rabbit liver. RHDV-positive cells began to be observed at
24 HAIL. The number of RHDV-positive cells was markly
increased at 36 HAI and maintained by 48 HAL The
number was rapidly decreased from 60 HAL

Fig. 4. Immunohistochemistry for RHDV antigen in the
rabbit liver. Note the RHDV-positive reaction within the
nucleus and cytoplasm of hepatocytes. (A) There was no
reactivity on RHDV in control group. (B) RHDV-positive
reaction was observed in a few hepatocytes at 24 HAI. (C)
Numerous RHDV-positive reactions were shown in the
liver at 36 HAIL. (D) Numerous RHDV-positive reactions
were also observed in liver at 48 HAL (E) RHDV-positive
reactions were observed in several hepatocytes at 60 HAI.
(F) RHDV-positive reactions were observed in a few
hepatocytes at 72 HAI. Scale bars =300 pm.
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Fig. 5. Electrophoresis photograph. RT-PCR products of
340bp viral RNA were detected in the liver at the indicated
hours after infection, and in the spleen (Spl), lung, and
kidney (Kdy) at 12 HAL

RT-PCRHE 0|&8t RHDVa 50| FHA}t ZHE &0l
AH77)o| A RHDVa 39 Fxe} Fol5 doti

o E
RHDE E714l4 574 719 2 28 52 dov|a
[9)

HE AFH o Wk e Aotk Ao
SUFIAAGALRR )38 Brle) AIES) Ad
Astg $AG A7), v 3404 BAlsks Aew o
QY ol v]Fo] Ho} Fuje A s WS
of EZNQlel AgHoE A A 73 e
Aoz AztEch, Teht Has) 9y By 43 ]
Sk thEA A AL wolw o} @A Kyt
T Qe 93Pl Uig A7t Basich Bee)
o 2z oy 22E Az BHF RHDVaTo

o] Wl hE E7jolN F= dFEe IS

60~90%=2 E# A L FA9 FulY AFEHAA =

rj(g
N,
RJ
rlo
;
=N
o
i
rlo
2
N

3ol - o1 - 038 - 9

Hs=gh HARES VERAATE [13]. oW Aol o] H
ARE2 FE T 48717 FATA 60% AL o) E F
o] AL R sl o] FRE= #Ade Y-S BHA
o} A2 HARSEE 20%E YEFgth 28] RHDV
ol ot HARE 36~48A17Fol 2 WAYFIIL 604]
7k o] Fol= HAPF HAEA GATE S LA =

2, 9, A% % A SO R EE Aae)
B e L BRI OR, 55 364843 Aol

o HAARE E7]olA FEHAA AEH AT o] 2
oe Aellr e viszsAl vebstTt [3, 13].

2]
9 GHAE A e SolHl HEide 247
A2 36~48A 7Rl =

23] 7]
FAZ AR 5 1 &Y AT T B 295
Aoz gty E

32
v
H
)
I
=)
>~
>
=
f
3
o
2
.
T
e
=

o7 gRlElen o] Aelx e ol HaH

5 o o
- i}z O
i

Fel Wsbrt Barso] glok [7, 11]. 36417t
olxle] Yz AR Erjox= 41ge] o] A
o] YO, 48~601 7] HALS EeM = &8 9
23 T AFAA #Rle] A% B HolAM #FEHSA
ot tE AFAER 4] o] AEE A|7ke] Ao
= ok Al & Aok ol AfRte] Zaetel wh
2} 22 W] AAES RISt [6, 14].
2 A7olM= RHDV &4l 325 dofir] fJal 5

S (PCR)Z 2238 (HO)S S 33
HAPE 7 RHDVa 342 53 F 12417 %7
5E BN 7 B E Ao X AEE 7] AlZ)s)
AL, 48717 AT o] FHEE BE F7]A HEH
ST}, Inssitu hybridisation(ISH)7|®H & ©]&-3}e] nlo]2]
2 FHAE AES A 3 F A el &
ZHETa s1glom o5 AxE Ho} nlolgs EA=
HE 5 ¥R dojuy= AoE AL [8]. PCRE
7 &g HCHIAE RHDV ol i3t A ZE=
AE F 2477 F2e] 7ol et ZaE 7] A=
Atk o] AL AZE WIZkEe] XfoloA] 7]Qlg Flo=E o
AR [8].

Atz o2 RHDVE A3 g4z 3
Aoz olFAel TP o Yehe R

sz
e r
3 &
oWrgE

02(;,”
[



Pathologic changes by new Korean strain of RHDV 131

o
oFgk ANk Fkeldith 2y oA e v
Fog IPd A 1 S TR SEE 9T
2 BRlom ASAHREE 27]9] o5 wETt
A EZ A =0T o] 21 RHDVaell €| ok
FHEew 74 QA A7 Rt Hielg s

1. An SH, Kim BH, Lee JB, Song JY, Park BK, Kwon
YB, Jung JS, Lee YS. Study on picornavirus
haemorrhagic fever (tentative name) in rabbit: 1.
Physico-chemical properties of the causative virus.
RDA J Agri Sci 1988, 30, 55-61.

2. Belz K. Rabbit hemorrhagic disease. Semin Avian Exot
Pet Med 2004, 13, 100-104.

3. Chang HS, Park NY, Kang MI, Han DU, Park YS.
Pathology of disseminated intravascular coagulation in
rabbit viral hemorrhagic disease. Korean J Lab Anim
Sci 1999, 15, 53-59.

4. Capucci L, Fallacara F, Grazioli S, Lavazza A,
Pacciarini ML, Brocchi E. A further step in the
evolution of rabbit hemorrhagic disease virus: the
appearance of the first consistent antigenic variant.
Virus Res 1998, 58, 115-126.

5. Chasey D. Rabbit haemorrhagic disease: the new
scourge of Oryctolagus cuniculus. Lab Anim 1997, 31,
33-44.

6. Chen SY, Chou CC, Liu CI, Shien JH. Impairment
of renal function and electrolyte balance in rabbit
hemorrhagic disease. J Vet Med Sci 2008, 70, 951-958.

7. Ferreira PG, Costa-e-Silva A, Monteiro E, Oliveira
MJR, Aguas AP. Transient decrease in blood
heterophils and sustained liver damage caused by
calicivirus infection of young rabbits that are naturally
resistant to rabbit haemorrhagic disease. Res Vet Sci
2004, 76, 83-94.

8. Gelmetti D, Grieco V, Rossi C, Capucci L, Lavazza
A. Detection of rabbit haemorrhagic disease virus
(RHDV) by in situ hybridisation with a digoxigenin
labelled RNA probe. J Virol Methods 1998, 72, 219-

10.

11.

12.

13.

14.

15.

17.

18.

226.

. Le Gall-Reculé G, Zwingelstein F, Laurent S, de

Boisséson C, Portejoie Y, Rasschaert D. Phylogenetic
analysis of rabbit haemorrhagic disease virus in France
between 1993 and 2000, and the characterisation of
RHDV antigenic variants. Arch Virol 2003, 148, 65-81.
McIntosh MT, Behan SC, Mohamed FM, Lu Z,
Moran KE, Burrage TG, Neilan JG, Ward GB, Botti
G, Capucci L, Metwally SA. A pandemic strain of
calicivirus threatens rabbit industries in the Americas.
Virol J 2007, 4, 96.

Mikami O, Park JH, Kimura T, Ochiai K, Itakura
C. Hepatic lesions in young rabbits experimentally
infected with rabbit haemorrhagic disease virus. Res
Vet Sci 1999, 66, 237-242.

Moss SR, Turner SL, Trout RC, White PJ, Hudson
PJ, Desai A, Armesto M, Forrester NL, Gould EA.
Molecular epidemiology of Rabbit haemorrhagic
disease virus. J Gen Virol 2002, 83, 2461-2467.
Park NY. New viral disease of rabbit; hemorrhagic
pneumonia. J Korean Vet Med Assoc 1987, 23, 780-
788.

Sanchez-Campos S, Alvarez M, Culebras JM,
Gonzalez-Gallego J, Tuiion MJ. Pathogenic molecular
mechanisms in an animal model of fulminant hepatic
failure: rabbit hemorrhagic viral disease. J Lab Clin
Med 2004, 144, 215-222.

Teifke JP, Reimann I, Schirrmeier H. Subacute liver
necrosis after experimental infection with rabbit
haemorrhagic disease virus (RHDV). J Comp Pathol
2002, 126, 231-234.

. Tham KM, Barnes SM, Hunter SN. Polymerase

chain reaction amplification and gene sequence analysis
of a calicivirus from a feral rabbit. Virus Genes 1999,
18, 235-242.

van de Bildt MWG, van Bolhuis GH, van Zijderveld
F, van Riel D, Drees JM, Osterhaus ADME, Kuiken
T. Confirmation and phylogenetic analysis of rabbit
hemorrhagic disease virus in free-living rabbits from
the Netherlands. J Wildl Dis 2006, 42, 808-812.
Yang DK, Kim BH, Lee KW, Kim JY, Kim HJ,
Choi SS, Chun JE, Son SW. Identification and
molecular characterization of a rabbit hemorrhagic
disease virus (KV0801) isolated in Korea. Korean J Vet
Res 2009, 49, 207-213.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


