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Abstract

Rabbit infectious hemorrhagic fever has been reported in rabbits worldwide. The disease is also fre-

quently reported on Korean rabbit farms, and the pathological study of 9 rabbits on such disease-occur-

ring farms was attempted to identify the pathogen. Clinical signs were torticollis and ear ulceration. 

Most rabbit died with bloody nasal discharges. At necropsy, multiple hemorrhages and inflammation 

were observed in heart, lung, liver and uterus. The main histopathologic features were hemorrhagic sup-

purative meningoencephalitis, fibrinous bronchointerstitial pneumonia, bacteremia, liver cell necrosis, 

multifocal hemorrhages in kidney and disseminated intravascular coagulopathy. The viral VP60 gene of 

RHDV was identified by Reverse Transcriptase PCR. Pasteurella multocida organisms were cultured, 

identified by biochemical test and serotyped as A by multiplex capsular typing PCR. In conclusion, the 

fatal hemorrhagic disease was due to combined infection with both RHDV and P. multocida in rabbits. 

To our knowledge, this is the first case report about co-infection with both RHDV and P. multocida 

in rabbits in Korea.
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INTRODUCTION

  Rabbit hemorrhagic disease (RHD) is extremely lethal 

and highly contagious in both domestic and wild rabbits 

(Orytolagus cuniculus), causing important economic losses 

in the rabbit meat and fur industry and has a significant 

negative ecological impact among wild rabbit popula-

tions and indirectly on its dependent predator. Now-

adays, the rabbit hemorrhagic disease virus (RHDV) out-

breaks still occur on almost all continents and cause sig-

nificant mortality rates, being endemic in most parts of 

Europe, Asia, and parts of Africa, Australia and New 

Zealand. The virus is in the genus Lagovirus and the fam-

ily Caliciviridae, which is nonenveloped, around 35∼40 

nm in diameter, icosahedral symmetry, and having a lin-

ear positive-sense RNA genome of 6.4∼8.5 kb (Abrantes 

et al, 2012). Since RHDV was first discovered in China 

in 1984, many isolates have been identified so far, and 

three major viral subspecies are typical: classical RHDV, 

RHDVa, RHDV2/b (Abrantes et al, 2013; Le Pendu et 

al, 2017; Le Minor et al, 2019). It has been known that 

there is only one serotype of RHDV, but as a result of 

analysis of the antigen protein, VP60, although classical 

RHDV and RHDVa have similar antigenic properties, 

the newly isolated RHDV2/b in 2010 showed a different 

pattern from that of classical RHDV and RHDVa 

(Bárcena et al, 2015; Spickler, 2016). Meanwhile, the 

vaccine against classical RHDV did not cross-protect 

against RHDV2/b (Dalton et al, 2012; Bárcena et al, 

2015). 
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  The liver, lung and spleen are the primary target tis-

sues of RHDV. The major histopathological lesions 

found at necropsy are acute hepatitis due to liver cell 

loss as the result of RHDV-induced apoptosis, and sple-

nomegaly (Park et al, 1995; Alonso et al, 1998). Hem-

orrhage and congestions can be seen in several organs, 

particularly in the lungs, heart, and kidneys, as a result 

of a massive disseminated intravascular coagulation (DIC) 

which is usually the cause of death (Ueda et al, 1992; 

Abrantes et al, 2012). Similar to other animal species, 

rabbits are susceptible to many infections and infes-

tations besides RHDV. One of the representative com-

plex infectious agents is Pasteurella multocida. P. mul-

tocida is transmissible virulent non-motile Gram-neg-

ative coccobacilli. Strains of the species are currently 

classified into five serogroups (A, B, D, E, F) based on 

capsular composition and 16 somatic serovars. It is the 

etiological agent of snuffles, one of the most significant 

bacterial diseases of rabbits that causes considerable 

economic losses world-wide (Soriano-Vargas et al, 2012). 

P. multocida is the cause of a range of diseases in 

mammals and birds, including fowl cholera in poultry, 

atrophic rhinitis in pigs, and bovine hemorrhagic septi-

cemia in cattle and buffalo. It can also cause a zoonotic 

infection in humans, which typically is a result of bites 

or scratches from domestic pets (Harper et al, 2006; 

Katoch et al, 2015). Pasteurellosis is an infection with a 

species of the bacterial genus Pasteurella, which is 

characterized by local infections and abscesses, respira-

tory infections, and systemic diseases such as meningitis 

or sepsis, depending on the toxicity factor and the mode 

of transmission (Coudert et al, 2006). Direct and in-

direct contacts are the prime routes of P. multocida 

transmission mainly via aerosol (Premalatha et al, 2009). 

  Both RHD and pasteurellosis are known to spread 

through direct contact with pathogens or through in-

direct routes through contaminated cages, feed, and oth-

er fomites, causing massive death of rabbits (Abrantes et 

al, 2012). Recently, the domestic rabbit breeding method 

is being converted to a form of group breeding using 

cages, being susceptible to mass infection and death. 

Here, to the authors’ knowledge, it is the first case re-

port of co-infection with RHDV and P. multocida in 

domestic meat rabbits in Korea. 

CASE REPORT

  A total of 150 rabbits, one to seven per day, died 

from the end of January 2019 at a meat rabbit (Oryctolagus 

cuniculus) farm of 300 heads. The breeding method was 

to stack 4 cages of 70 cm wide, 50 cm long, and 55 

cm high in a row with a corridor in between, and then 

reared 3 to 4 rabbits per cage (Fig. 1A). Rabbits af-

fected by the disease presented circular movement with 

head-tilt (Fig. 1B), and purulent discharge with ulcer 

was observed in the external ear (Fig. 1C). Mainly 2 

months or older rabbits tended to die with nasal bleed-

ing and head-tilt (Fig. 1D). 

  A necropsy was performed on the dead rabbits in 2∼

10 months of age. Tissue samples were collected and 

fixed in 10% (w/v) neutral buffered formalin and sub-

jected to a microscopic examination. For microbiological 

analysis, visceral organs, pleural effusion, and ascites 

were aseptically collected then plated on sheep blood 

agar (Asan Pharm, Korea) and MacConkey agar (BD 

Bioscience, MD, USA). Both agar were cultured aerobi-

cally as well as anaerobically at 37°C for 24 hours. 

After checking the cultured bacterial colonies, Gram 

staining was performed according to the manufacturer’s 

instruction of Gram Stain set (YD Diagnostics, Korea). 

Subsequently, the colonies were subcultured in the same 

medium under the same conditions as well as bio-

chemical tests using the Vitek
Ⓡ

2 compact system (bio- 

Mérieux, Craponne, France). In addition, fecal samples 

were collected to confirm the parasite ova. 

  Tissue samples from the liver and lungs showing le-

sions visually were homogenized with a OMNI bead 

ruptor 24 (OMNI international corp., NH, USA), and 

DNA was extracted using a Patho Gene-spin
TM

 DNA/ 

RNA Extraction Kit (iNtRON biotechnology, Korea) ac-

cording to the manufacturer’s instruction. One-step re-

verse transcriptase PCR was performed to amplify a part 

of the VP60 gene of RHDV. For differential diagnosis 

with Bordetella bronchiseptica induced pneumonia, PCR 

was performed through primers and conditions capable 

of amplifying the specific gene flaA of B. bronchisep-

tica according to the method of Hozbor et al (1999). In 

addition, the strain identified as P. multocida was sub-

jected to multiplex PCR for serogroups A, B, D, E, and 
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Fig. 1. Gross findings. (A) Breed-

ing cages in rabbitry. (B) tilted 

head. (C) Inflammation and ulcer-

ation in the ear. (D) Characteristic 

epistaxis and torticollis.

Table 1. Specific primer sequences used in the P. multocida multiplex capsular PCR typing assay (Townsend et al, 2001)

Serogroup Name Necleotide sequence (5’-3’) Target gene Size of amplified products (bp)

All KMT1T7 

KMT1SP6 

ATCCGCTATTTACCCAGTGG

GCTGTAAACGAACTCGCCAC

KMT1 460

A CAPA-FWD

CAPA-REV

TGCCAAAATCGCAGTCAG

TTGCCATCATTGTCAGTG 

hyaD-hyaC 1,044

B CAPB-FWD

CAPB-REV

CATTTATCCAAGCTCCACC

GCCCGAGAGTTTCAATCC

bcbD 760

D CAPD-FWD

CAPD-REV

TTACAAAAGAAAGACTAGGAGCCC

CATCTACCCACTCAACCATATCAG

dcbF 657

E CAPE-FWD

CAPE-REV

TCCGCAGAAAATTATTGACTC 

GCTTGCTGCTTGATTTTGTC

ecbJ 511

F CAPF-FWD

CAPF-REV

AATCGGAGAACGCAGAAATCAG

TTCCGCCGTCAATTACTCTG

fcdD 851

F according to the method of Townsend et al (2001) 

(Table 1). 

  The gross pathological appearance is shown in Fig. 2. 

The tracheal mucosa was congested in bright red to 

dark red, and the lower airway lumen was filled with a 

large amount of catarrhal, hemorrhagic, or purulent exu-

date (Fig. 2A left panel). Lungs were adhered to each 

other by milky white fibrin. The fibrinous pseudomem-

brane was extended to the outer epicardium causing ad-

hesion to those organs (Fig. 2A right panel). When the 

pericardium was opened, a large amount of seros-

anguinous and purulent fluid was observed (Fig. 2B). In 

the lungs, hemorrhagic and fibrotic pneumonia was ob-

served in all lobes (Fig. 2C) with atrophy (Fig. 2D). 

Splenomegaly was observed with bloody appearance 

(Fig. 2E), the mucous membrane at the fundus area of 

the stomach was scattered with dark brown bleeding 

spots of 1∼2 cm (Fig. 2F), dark-red congestion was ob-

served in the corticomedullary area of the kidney (Fig. 

2G), and hemorrhagic inflammation was found in uterus 

(Fig. 2H).

  Histopathologically, hemorrhagic and purulent me-

ningeal encephalitis were observed in the parenchyma 

around the meninges (Fig. 3A). The lungs showed ede-
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Fig. 2. Gross findings in necro-

psy. (A) Left panel: mucopurulent 

exudates in the trachea (arrow); 

Right panel: pleural adhesions ex-

tending to pericardium by fibrotic 

bands (arrow). (B) Red-milkish 

suppurative pus in the pericardial 

cavity. (C) Left panel: edematous 

hemorrhagic pneumonia; Right 

panel: fibrinous hemorrhagic pneu-

monia. (D) Left panel: liver show-

ing enlargement with rounded mar-

gins, multifocal yellow discolor-

ation and petechial foci, and gall 

bladder showing congestion; Right 

panel: pale and atrophic liver with 

hemorrhages (arrow) and ascites. 

(E) The spleen: congestion and sple-

nomegaly and one intact spleen 

(top). (F) Gastric multiple hemor-

rhagic spots. (G) Corticomedullary 

congestion in the kidney. (H) Hem-

orrhagic metritis.

ma, fibrinous bronchial interstitial pneumonia. The al-

veolar wall was thickened with infiltrated cells and ede-

ma, and the infiltration of inflammatory cells was ob-

served in the alveolar cavity. Epithelial cells were de-

tached from the bronchioles, mixed with inflammatory 

cells, or fibrinous, hemorrhagic exudate was observed. 

(Fig. 3B). The heart showed necrosis, hemorrhage and 

inflammatory cell infiltration accompanied by vacuole 

degeneration of the myocardium (Fig. 3C), severe puru-

lent vasculitis was observed in the aorta. Fibrothrombosis 

surrounding the basophilic bacterial community was ob-

served in the pulmonary veins (Fig. 3D).

  Basophilic bacterial communities were also observed 

in the atrium and ventricle of the heart. The liver had a 

mixture of central lobular and periportal necrosis, and 

multiple parenchymal hemorrhage was observed. In the 

hepatocytes, coagulation necrosis and apoptosis were ob-

served with nuclear condensation, karyorrhexis, and cy-
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Fig. 3. Characteristic histopathological lesions. (A) Hemorrhagic suppurative meningoencephalitis. (B) Lung showing fibrinous bronchointer-

stitial pneumonia. An arrow indicating fibrin deposit. (C) Heart showing myocardial necrotic degeneration containing vacuoles. (D) Pulmonary vein 

of heart showing basophilic thromboemboli (arrow) in vascular lumen with fibrin thrombi and numerous neutrophils. (E) Liver with massive ne-

crosis and shrinkage, and thromboemboli in central venous lumen (arrows). (F) Kidney showing multifocal hemorrhagic lesion and tubular necrosis. 

An insert showing microthrombi in the glomerular capillaries and afferent arteriole. H&E stain. Scale bar=100 µm.

toplasmic atrophy. Sinusoids were infiltrated with hyper-

emia and inflammatory cells accompanied with fibrin 

thrombosis, and the hepatic normal microstructure was 

dissociated (Fig. 3E). In the kidney, multifocal hemor-

rhage, inflammatory cell infiltration, and tubular necrosis 

were observed (Fig. 3F) with DIC microthrombosis in 

the renal arterioles and glomerular capillaries (Fig. 3F 

insert). Microbiologically, 85% of dead rabbits were 

co-infected with RHDV and P. multocida (data-not-shown). 

P. multocida isolated from lung samples formed trans-

lucent, off-white, non-bloody circular colonies with a di-

ameter of 1 to 2 mm in both aerobic and anaerobic 

blood media, and did not grow on MacConkey media. 

As a result of Gram staining, small Gram-negative bac-

teria were observed. The colony was identified as P. 

multocida as a result of biochemical examination. The 

biochemical properties are shown in Table 2. Liver sam-

ples were tested positive for RHDV VP60 (Fig. 4A), 

and all negative for B. bronchiseptica flaA. As a result 

of multiplex PCR for 8 strains identified as P. multoci-

da, capsular serotype A was identified in 7 cases, and 1 

case was unidentifiable (Fig. 4B). 

DISCUSSION

  Recently, the loam industry is taking the form of 

clustered breeding, and there is increasing interest in in-

fectious diseases that cause mass death of rabbits. RHD 

and pasteurellosis is a viral and bacterial disease that 

causes a number of deaths in rabbit farms and labo-

ratory rabbits, and the number of countries commercial-

ized is increasing and continuing to occur (Abrantes et 

al, 2012). In this case, based on clinical symptoms, 

gross findings, histological and molecular microbio-

logical examinations, the first diagnosis was made of si-

multaneous infection by RHDV and P. multocida in a 

Korean meat rabbit farm, and the histopathological char-

acteristics were examined.

  In general, the incubation period of RHDV, which 

has progressed in peracute or acute form, is 1 to 3 days, 

and mortality may be 70 to 100% within 12 to 36 hours 

(Abrantes et al, 2012). Alternatively, the virus is known 

to show a subacute or chronic course in very low cases. 

At this time, rabbits show severe anorexia, lethargy, and 

jaundice symptoms, and die after 1∼2 weeks due to 

hepatocellular necrosis or survive by gaining immunity 
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Table 2. Results of biochemical test of P. multocida isolated

No. *Biochemistry Results No. Biochemistry Results No. Biochemistry Results

2 APPA − 3 ADO − 4 PyrA −

5 lARL − 7 dCEL − 9 BGAL −

10 H2S − 11 BNAG − 12 AGLTp −

13 dGLU + 14 GGT − 15 OFF −

17 BGLU − 18 dMAL − 19 dMAN +

20 dMNE + 21 BXYL − 22 BAlap −

23 ProA − 26 LIP − 27 PLE −

29 TyrA + 31 URE − 32 dSOR −

33 SAC + 34 dTAG − 35 dTRE −

36 CIT − 37 MNT − 39 5KG −

40 lLATk − 41 AGLU − 42 SUCT −

43 NAGA − 44 AGAL − 45 PHOS +

46 GlyA − 47 ODC − 48 LDC −

53 lHISa − 56 CMT + 57 BGUR −

58 O129R − 59 GGAA − 61 lMLTa −

62 ELLM + 64 lLATa −

*(2)APPA: Ala-Phe-Pro-Arylamidase, (3)ADO: Adonitol, (4)PyrA: L-Pyrrolydonyl- Arylamidase, (5)lARL: L-Arabitol, (7)dCEL: D-Cellobiose, 

(9)BGAL: Beta-Galactosidase, (10)H2S: H2S production, (11)BNAG: Beta-N-Acetyl-Glucosaminidase, (12)AGLTp: Glutamyl arylamidase pNA, 

(13)dGLU: D-Glucose, (14)GGT: Gamma-Glutamyl-Transfersase, (15)OFF: Fermentation/Glucose, (17)BGLU: Beta glucosidase, (18)dMAL: 

D-Maltose, (19)dMAN: D-Mannitol, (20)dMNE: D-Mannose, (21)BXYL: Beta-Xylosidase, (22)BALap: Beta-Alanine-Arylamidase pNA, 

(23)ProA: L-Proline arylamidase, (26)LIP: Lipase, (27)PLE: Palatinose, (29)TyrA: Tyrosine-Arylamidase, (31)URE: Urease, (32)dSOR: 

D-Sorbitol, (33)SAC: Saccharose/Sucrose, (34)dTAG: D-Tagatose, (35)dTRE: D-Trehalose, (36)CIT: Citrate (Sodium), (37)MNT: Malonate, 

(39)5KG: 5-Keto-D-Gluconate, (40)lLATK: L-Lactate alkalinisation, (41)AGLU: Alpha-Glucosidase, (42)SUCT: Succinate alkalinisation, 

(43)NAGA: Beta-N-Acetyl-Galactosaminidase, (44)AGAL: Alpha-Glalactosidase, (45)PHOS: Phosphatase, (46)GlyA: Glycine arylamidase, 

(47)ODC: Ornithine decarboxylase, (48)LDC: Lysine decarboxylase, (53)lHISa: L-Histidine assimilation, (56)CMT: Coumarate, (57), BGUR: 

Beta-Glucoronidase, (58)O129R: O/129 resistance (comp. Vibrio.), (59)GGAA: Glu-Gly-Arg-Arylamidase, (61)lMLTa: L-Malate assimilation, 

(62)ELLM: Ellman, (64)lLATa: L-Lactate assimilation, +: Positive, −: Negative.

Fig. 4. Results of gel electrophoresis. (A) Lanes 1∼9: Amplification of VP60 protein gene fragment (316 bp) of RHDV by RT-PCR. (B) lanes 1∼

8: All products from P. multocida multiplex capsular PCR showing KMT1 gene (460 bp), and showing specific band for serogroup A og hyaD-hyaC

gene (1,044 bp) except that lane 2. Lanes M: Molecular size marker 100 bp (Thermo Fisher Scientific, USA) and Lane C: RT-PCR or multiplex PCR 

negative control.

(Spickler, 2016). Young rabbits before 45 days of age 

infected with RHDV tend to be more resistant than 

adults. The low mortality rate in young individuals was 

similar to this case, which was consistent with the gen-

eral infection pattern of P. multocida. (Coudert et al, 

2006). The head-tilt observed in rabbits is a symptom of 

central nervous system damage, visual impairment, or 

damage to the vestibular organ. It can be seen in bacte-

rial infections of the inner or external ear, ear mites, 

Encephalitozoon cuniculi infection, toxoplasmosis, brain 
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tumors, trauma to the central nervous system, and so on. 

(Kunstýř and Naumann, 1985). When bacteria are in-

fected with the brain, a head-tilt can be seen as a char-

acteristic clinical symptom (Jung et al, 2000), and the 

congestion of meninges and cerebellar blood vessels, 

meningitis with inflammatory cell infiltration due to 

RHDV infection has been reported (Abrantes et al, 

2012). In this case, hemorrhagic and purulent inflam-

mation of the meningeal vessels were observed, and 

RHDV and P. multocida were simultaneously identified 

in the lesion. On autopsy findings, the rabbit lesions 

were systemic. A large amount of catarrhal, hemor-

rhagic, and purulent exudate was observed along with 

redness of the tracheal lumen. It was consistent with the 

lesion reported by Abrantes et al (2012), Katoch et al 

(2015), and Le minor et al (2019). The exudate blocked 

the airway and caused the death by suffocation, which 

is thought to be one of the main causes of death. The 

hemorrhagic and fibrotic pneumonia with adherence to 

the thorax was consistent with the lesion by P. multoci-

da infection alone (Jeong et al, 2018). Hepatocyte ne-

crosis with hemorrhage, congestive gallbladder and spleen 

were observed, and it is consistent with the lesions seen 

in RHDV-infected rabbits (Spickler, 2016). There was 

no symptom of jaundice that may appear in the sub-

acute or chronic course of RHD.

  DIC is a disease in which intravascular coagulation is 

induced throughout the body due to the release of anti-

coagulant factors due to damage to vascular endothelial 

cells, and inhibition of the synthesis of anticoagulant 

factors by hepatocyte damage is accompanied (Levi and 

ten Cate, 1999). This can result in extensive tissue ne-

crosis and multiple hemorrhage due to thrombotic ob-

struction of the microcirculatory system (Ueda et al, 

1992; Ohlinger et al, 1993; Jung et al, 2000). The pri-

mary affinity of RHDV to hepatocytes induces necrosis 

and apoptosis of hepatocytes (Ueda et al 1992; Jung et 

al 2000; Abrantes et al, 2012). Bacterial sepsis is a 

complication that often causes DIC (Levi and ten Cate, 

1999) There is also a study that induces DIC by in-

oculating rabbits with P. multocida using these charac-

teristics (Corrigan and Kiernat, 1975). The factor that 

causes DIC by Gram-negative bacteria is a bacterial-spe-

cific membrane such as lipopolysaccharide, which is an 

antigen of cells. It is believed to be due to structure, en-

dotoxin and exotoxin (Levi and ten Cate, 1999). It was 

reported that P. multocida infected with the respiratory 

system was related to neutrophils migrating into the 

lung tissue in the process of progression to sepsis 

(Harper et al, 2006). Extensive cell necrosis and apopto-

sis, vasculitis, fibrin thrombosis and multiple hemor-

rhage observed in this case are typical clinical symp-

toms of sepsis. In addition, P. multocida infection, 

which progressed to sepsis, was observed as a baso-

philic bacterial colony in the circulatory system. 

  In the literature, rabbit pasteurellosis is usually caused 

by P. multocida capsular serum type A, and rarely is 

caused by capsular serum type D (Dillehay et al, 1991). 

In this case as well, 7 strains (87.5%) of the 8 strains 

of P. multocida isolated were identified as type A, and 

1 week (12.5%) could not be identified. 

  Infection with RHDV and P. multocida in rabbits 

causes great economic losses for the rabbit meat and fur 

industry. In particular, P. multocida is an opportunistic 

infectious bacterium, and after infection with a mali-

cious virus such as RHDV, it is simultaneously infected 

and causes more damage. Infection caused by RHDV is 

difficult to treat directly, and antibiotic treatment for P. 

multocida infection is insignificant in terms of cost and 

treatment effect. Therefore, it is necessary to pay close 

attention to the domestic situation through continuous 

monitoring and research of both diseases. 
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