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Brief Report

Rabbit hemorrhagic disease (RHD) is caused by a calicivirus 
(Caliciviridae, Lagovirus).1 Genus Lagovirus includes mul-
tiple rabbit caliciviruses varying in pathogenicity and viru-
lence. The 2 most important circulating strains include the 
classical rabbit hemorrhagic disease virus (Lagovirus euro-
paeus/GI.1a-d), referred to commonly as RHDV1, and a 
more recently described and antigenically distinct L. euro-
paeus/GI.2/RHDV2/b, referred to as RHDV2, RHDVb, or 
GI.2.4,10,16 RHDV1 typically causes high mortality of suscep-
tible species of rabbits older than ~1 mo, including domestic 
(Oryctolagus cuniculi) and European (O. cuniculus) rabbits. 
Hares (Lepus sp.) and North American wild cottontails  
(Sylvilagus floridanus) are unaffected by RHDV1.11,12

RHDV2 was first identified in 2010 in France, but has 
since spread throughout Europe and to Australia, Africa, and 
North America.19 The first North American reports of 
RHDV2 to the World Organisation for Animal Health (OIE) 
were in 2016 (Quebec, Canada) and 2018 (British Columbia, 
Canada; Ohio, USA).19 RHDV2 affects a broader host range, 
including hares of the Lepus sp., and can result in high mor-
tality in rabbits of all ages.6–8,18 However, reported mortality 
rates, clinicopathologic findings, and overall virulence of 
RHDV2 vary in the literature.5,13,14 During the initial RHDV2 
outbreak in France in 2010, the disease was characterized by 
pathologic findings similar to those described for RHDV1, 
including hemorrhages in multiple tissues. The outbreak 
resulted in prolonged and high mortality rates of 80–90%, 

with mortalities lasting up to 15 d post-vaccination.14 Com-
pared with RHDV1, experimental infections of rabbits with 
RHDV2 had a longer disease course, with mortalities start-
ing 3–9 d post-infection and lasting for 5 d, as opposed to 
RHDV1 infection, which results in mortalities occurring 
2–6 d post-inoculation and lasting for 3–4 d. Additionally, 
there were more common occurrences of a subacute-to-
chronic form characterized by hepatic degeneration, spleno-
megaly, and icterus.13 A small number of animals underwent 
a rapid disease course characterized by death in <4 d. In these 
experimental infections, histologic abnormalities in the liver 
included a specific pattern of periportal hepatocellular necro-
sis, occasional midzonal hepatocellular necrosis, and com-
plete sparing of centrilobular hepatocytes, with occasional 
periportal infiltration of heterophils. Splenic lesions included 
hyalinization and fibrin accumulation within the red pulp 
and lymphoid depletion of the white pulp.17
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Abstract. Rabbit hemorrhagic disease virus 2 (RHDV2) causes an often-fatal disease of rabbits that has resulted in 
outbreaks in rabbitries in Europe, Africa, Australia, and Asia. RHD has historically been characterized as a foreign animal 
disease in the United States. In July 2019, RHDV2 was detected in rabbits on Orcas Island along the northwestern coast of 
Washington (WA) State following reports of deaths in multiple feral and domestic rabbits. We document and highlight here 
the unique clinical presentation and gross and histologic lesions observed in this recent WA outbreak. Affected rabbits died 
without premonitory signs or displayed hyporexia and/or lethargy for ≤1 d prior to death. The most consistent pathologic 
finding was random, multifocal hepatocellular necrosis, often with concurrent multifocal-to-diffuse splenic necrosis. The lack 
of significant clinical signs in conjunction with the random distribution of hepatic necrosis in the WA outbreak contrasts with 
previous reports of RHDV2 disease progression.
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Although epidemiologic and geographic data regard-
ing RHDV2 outbreaks in Europe are documented  
extensively,2,6,7,15,17,18 published reports of clinicopatho-
logic findings in natural outbreaks of RHDV2 are rela-
tively scarce. One case report outlined the clinical and 
pathologic findings in 2 pet rabbits naturally infected with 
RHDV2 in Spain5; both rabbits had a 1-d history of hypo-
rexia or anorexia and lethargy. A blood chemistry panel 
revealed marked increases in gamma-glutamyl transferase, 
alkaline phosphatase, bile acids, and bilirubin with 
decreased activity of aspartate aminotransferase and ala-
nine aminotransferase, suggestive of severe liver damage 
in both animals. Both rabbits developed profound icterus 
and died 22 and 30 h after admission, respectively. A post-
mortem examination performed on one rabbit revealed 
severe portal-to-midzonal hepatocellular necrosis. Addi-
tionally, this animal had severe necrosuppurative broncho-
pneumonia and moderate cardiomyocyte necrosis.

In the spring of 2019, multiple feral domestic rabbit 
deaths were reported on Orcas Island, an island in the San 
Juan archipelago in the northwest corner of WA (pers. 
comm., Washington State Department of Agriculture veteri-
narians). These reports followed the detection of RHDV2  
in coastal areas of British Columbia, Canada in 2018.20 
Over the ensuing summer, fall, and winter of 2019, the 
Washington Animal Disease Diagnostic Laboratory 
(WADDL; Pullman, WA, USA) received 7 cases comprising 
14 RHDV2-positive rabbits (Suppl. Table 1). Case 1 was a 
2-y-old, 4-H pet, Norwegian dwarf buck from Orcas Island 
submitted for postmortem examination in July 2019. Gross 
examination was unremarkable. Fresh samples of liver and 
spleen were submitted to the USDA-APHIS Foreign Animal 
Disease Diagnostic Laboratory (FADDL; Plum Island, NY, 
USA) for detection of RHDV2. This decision was based on 
the number and manner of rabbit deaths and the geographic 
proximity of these cases to the Canadian RHDV2 outbreak. 
Cases 2–5 included rabbit carcasses from Orcas Island and 1 
carcass from San Juan Island, which arrived at WADDL in 
July and August of 2019. Fresh liver specimens from 9 of 
these bodies were forwarded to FADDL, which confirmed 
infection with RHDV2 in all submissions. Case 6 was a sin-
gle adult feral domestic rabbit from Whidbey Island, north of 
Seattle, WA, submitted in October 2019. In December 2019, 
108 of 145 rabbits from a rescue organization died on a 
premises in Clallam county located in the northwestern WA 
mainland; 3 of the 108 rabbits were submitted to WADDL 
for examination (case 7). Overall, 14 liver samples were for-
warded from WADDL to FADDL for antigen (ag-ELISA) 
and reverse-transcription PCR (RT-PCR); infection with 
RHDV2 was confirmed in all 14 samples.9 RHDV1 was not 
detected in any of the 14 samples.

All rabbits were autopsied at WADDL upon arrival. Gross 
examinations were severely limited in most cases because of 
the poor postmortem condition of the cadavers. Two of the 
carcasses had cavitary effusions: case 1 had moderate acute 

hemoabdomen, and case 6 had moderate hydrothorax. Only 
case 7 had grossly identifiable multifocal-to-coalescent 
hepatic necrosis as evidenced by a dark-red to tan liver and 
markedly friable parenchyma. Cases 2–5 were grossly nor-
mal apart from autolysis.

Representative samples of visceral organs from all 14 
RHDV2 confirmed carcasses were collected for histologic 
evaluation. Tissues were considered too autolyzed from case 
6 to yield reliable histologic diagnoses and are excluded 
from the histologic descriptions. Cases 1–5 and 7 had histo-
logic evidence of hepatocellular necrosis. In all samples, 
necrosis was categorized as multifocal-random and pan-
lobular and included necrosis of individual to small groups 
of hepatocytes (Fig. 1A, 1B). There was no significant 
inflammatory component in 10 of 13 rabbits. However, in 
case 7, hepatocellular necrosis was accompanied by peri-
portal-to-midzonal lymphoplasmacytic inflammation. In 
the 3 rabbits in case 7, a coexisting chronic disease process 
caused by Encephalitozoon cuniculi was suspected given 
the presence of chronic tubulointerstitial nephritis, but this 
presumptive diagnosis was not confirmed. Diffuse centri-
lobular hepatocellular degeneration was detected in case 5 
and was interpreted as a nonspecific hypoxic lesion result-
ing from cardiovascular collapse. Spleen was evaluated in 
10 of the 13 rabbits, and 7 of 10 rabbits had concurrent 
splenic necrosis (cases 1, 3, 4, 5) characterized by multifo-
cal-to-diffuse white pulp lymphoid necrosis and multifocal 
areas of necrosis and fibrin deposition in both the white 
and red pulp (Fig. 1C). Lung lesions were variable: 2 rab-
bits had mild-to-moderate acute pulmonary edema (cases 
1, 4); 2 had multifocal, mild, acute pulmonary hemorrhage 
(case 2); and 3 had multifocal, mild lymphohistiocytic 
interstitial pneumonia (case 3). Interestingly, all 3 rabbits 
with histologic lesions of interstitial pneumonia were sub-
mitted from the same facility and were the only animals 
reported to have developed appreciable clinical signs of 
lethargy and anorexia prior to death. A gravid New Zea-
land dwarf doe (case 5) had additional renal lesions:  
multifocal and severe glomerular thrombosis; renal tubular 
necrosis with pigmenturia; and a small focus of chronic 
lymphoplasmacytic interstitial nephritis and fibrosis. 
Additionally, 4 rabbits had evidence of chronic gastroin-
testinal parasitism including intestinal nematodiasis (case 
2) and intestinal coccidiosis (case 4).

These cases followed a temporal and geographic progres-
sion from the RHDV2 reports in British Columbia, Canada 
in 2018 to the islands off the northwestern coast of Washing-
ton in the summer of 2019, with ultimate progression to 
mainland northwestern Washington by the winter of 2019. 
However, it is unknown if the outbreak in WA is a direct 
continuation of the outbreak in British Columbia.

Only one submitter described clinical disease character-
ized by lethargy and anorexia and rapid death (case 3). The 
short clinical course of affected rabbits in the WA outbreak 
described here is in contrast to the previously described 
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experimental infection of RHDV2 in Europe that described a 
prolonged, 5-d disease course.13 Similarly, in the case report 
of 2 naturally infected pet rabbits from Spain, the affected 
rabbits were hyporexic for 1 d, developed progressive leth-
argy for 1–2 additional days, and finally succumbed to dis-
ease by day 5.5 This may suggest that the isolate of RHVD2 
circulating in WA is a more virulent isolate than has been 
described previously. However, the RHDV2 disease courses 
described here are reported by owners and submitters; 

although an important source of epidemiologic information 
for each case, the clinical course of each animal, particularly 
the feral rabbits, may not have been observed closely. Addi-
tionally, these rabbits originated from a variety of husbandry 
conditions and were of multiple age groups (Suppl. Table 1). 
Some animals had additional coinfections or presumably 
unrelated lesions and disease processes. These variables 
make it difficult to draw direct comparisons from previous 
experimental infections regarding the severity and duration 
of disease course. Additional experimental investigation of 
the WA isolate must be conducted to definitively demon-
strate the virulence of this isolate.

Although the postmortem examination findings in 
RHDV2 natural outbreaks in Europe are similar to those 
detected in our WA cases, there are several notable differ-
ences. Icterus has historically been a prominent finding in 
the European cases but was not a feature in any of the bodies 
submitted to WADDL. Notably, European cases with histo-
logic lesions had clear periportal hepatocellular necrosis.6,18 
In the WA cases described here, the distribution of necrosis 
was random and affected hepatocytes in all zones of the lob-
ule. It is unknown whether this represents a difference in 
viral cellular tropism or disease pathogenesis, a difference in 
host immune response, or another variable.

Differences between the RHDV2-associated disease 
detected in the European outbreaks and our WA outbreak 
should be considered when assessing unexpected rabbit 
deaths. Overall, given that cases of RHDV2 infection have 
been detected in the mainland United States, and with the 
continuing outbreak within the southwestern United 
States,3 vigilance for RHDV2 should remain high. Unex-
pected deaths or multiple mortalities in groups of rabbits, 
regardless of age, should be evaluated for infection with 
RHDV2.
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Figure 1.  Rabbit hemorrhagic disease virus 2 infection in 
rabbits. A. Necrosis of hepatocytes in all portions of the lobule  
in case 2. H&E. B. Focal and individual hepatocellular necrosis in  
case 5. H&E. C. Necrosis of red and white pulp in the spleen  
in case 5. H&E.
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