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Abstract
A 6.5-year-old pet rabbit (Oryctolagus cuniculus) was presented for severe weakness, dysorexia, and weight loss.
The rabbit had been treated for diarrhea and anorexia 3 weeks before. Pale mucous membranes and a 2-cm
abdominal mass cranial to the caecum were noted on clinical examination. Blood tests revealed a severe
nonregenerative anemia with neutrophilia and thrombocytosis suggestive of an ongoing inflammatory
process, and an elevation of liver enzymes. Abdominal ultrasonography showed an enlarged heterogenous
spleen and mild abdominal effusion. Initial stabilization required intravenous fluid therapy and a blood
transfusion, associated with broad spectrum antibiotics and analgesia. An exploratory laparotomy was
performed and revealed whitish disseminated lesions in the splenic parenchyma. Splenectomy was performed
during the exploratory laparotomy using a vessel sealing device and a second blood transfusion was
administered. Bacterial culture, cytology, and histopathological examination were diagnostic of a yersiniosis
due to Yersinia pseudotuberculosis, with a severe splenitis and a mild hepatitis. Postoperative care included
supportive care, analgesia, and antibiotics. Clinical signs resolved after 6 days of hospitalization. The rabbit
died 20 months later from an unrelated condition. Copyright 2018 Elsevier Inc. All rights reserved.
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6.5-year-old, 1.65-kg neutered female pet rabbit (Oryctolagus cuniculus) was presented with a
4-day history of lethargy, weakness, and reduced appetite. Three weeks before, the rabbit had
Abeen hospitalized for an episode of lethargy, anorexia, and diarrhea. At this time, blood
chemistry results were within normal ranges, and a typhlitis was suspected based on
abdominal ultrasonography findings. Treatments included subcutaneous crystalloid fluids

(25 mL/kg, every 6 hours), metronidazole (20 mg/kg, orally, twice daily; Flagyl 125 mg/5 mL, Sanofi-
Aventis, Paris, France), buprenorphine (0.03 mg/kg, subcutaneously, every 6 hours; Vetergesic, Ceva Sant�e
Animale, Libourne, France), trimebutine (1.5 mg/kg, orally, twice daily; D�ebridat, Pfizer Holding France,
Paris, France) and syringe feedings (20 mL/kg, orally, every 6 hours; Oxbow Critical Care, Oxbow Animal
Health, Murdoch, NE, USA). The rabbit was discharged after 2 days of hospitalization with metronidazole
and trimebutine for 3 weeks. The rabbit continued to improve at home and its appetite was normal when
the medication was stopped. Two days after discontinuation, the rabbit’s condition deteriorated and it
rapidly became hyporexic and weak with difficulty standing.
Abbreviations: ALT, alanine aminotransferase; PCV, packed cell volume
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On physical examination, rectal temperature was
39.3°C (reference range: 38°C to 40°C),1 which
was considered high as the rabbit was very
lethargic. Mucous membranes were pale and
capillary refill time was not evaluable. Moderate
tachypnea (130 mpm; reference range: 32 to 60
mpm)2 was noted. Cardiothoracic auscultation
revealed a systolic left apical heart murmur (grade
II/VI). A 2-cm firm irregular mass was identified in
the medium left abdomen, just cranially to the
caecum. The rabbit showed no abdominal pain.
A complete blood count revealed a severe

nonregenerative anemia with a packed cell volume
(PCV) of 13% (reference range: 33% to 50%;3

Table 1). In addition, a heterophilic and monocytic
leukocytosis as well as a thrombocytosis were
noted (Table 1). Blood biochemistry showed
moderately increased ALT activity (236 U/L;
reference range: 25 to 65 U/L),4 consistent with
liver damage. Thoracic survey radiographs were
unremarkable. Abdominal ultrasonography
revealed a marked splenomegaly with a
heterogeneous hypoechoic parenchyma and a
highly vascularized area (Fig. 1). A moderate
amount of anechoic peritoneal effusion was also
noted.
Initial therapy included intravenous fluid therapy

(lactated ringer, 5 mL/kg/h; B.Braun Medical France,
Boulogne-Billancourt, France), trimethoprim
sulfamethoxazole (30 mg/kg, orally, twice daily;
Bactrim, Roche, Boulogne-Billancourt),
TABLE 1. Hematology results of a 6.5-year-old pet
rabbit with a history of weakness and anorexia at
the time of hospital admission3,31

Patient Reference range

Packed cell volume (%) 13 33 to 50
Hemoglobin (g/dL) 3.2 11.5 to 15.1
Red blood cells
(£ 1012 cells/L)

1.8 5.2 to 6.8

White blood cells
(£ 109 cells/L)

11.5 6.30 to 10.06

Heterophils
(£ 109 cells/L)

6.79 1.49 to 3.21

Lymphocytes
(£ 109 cells/L)

3.68 3.36 to 7.00

Ratio heterophils:
lymphocytes

1.8 >1

Monocytes
(£ 109 cells/L)

1.04 0.05 to 0.45

Eosinophils
(£ 109 cells/L)

0 0.01 to 0.15

Basophils
(£ 109 cells/L)

0 0.06 to 0.36

Thrombocytes
(£ 109 cells/L)

799 250 to 610
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buprenorphine (0.03 mg/kg, every 6 hours), and
syringe feeding (20 mL/kg, orally, every 6 hours). Six
hours after hospital admission, the rabbit’s condition
deteriorated. Therefore, a whole blood transfusion
was performed.5 The donor’s PCV was within normal
ranges (42%) and major crossmatch was negative.
Fifteen milliliters of blood were drawn in a syringe
prepared with a citrate-phosphate-dextrose-adenine
solution in a ratio of 1:9 mL of blood (CPDA 1 35
mL/250 mL, Macopharma, Mouvaux, France). The
transfusion was administered over 3 hours at 5 mL/
kg/h with close monitoring. No adverse reaction was
observed. Post-transfusion PCV was 24% and the
rabbit’s general condition had significantly
improved.
On day 2, the rabbit was scheduled for an

exploratory laparotomy. The rabbit was
premedicated with ketamine (5 mg/kg,
intramuscularly; Ketamine 1000, Virbac France,
Carros, France), midazolam (0.5 mg/kg,
intramuscularly; Midazolam Sandoz, Sandoz,
Levallois-Perret, France), and morphine (1 mg/kg,
subcutaneously; Morphine Lavoisier 10 mg/mL,
Laboratoire Chaix et du Marais, Paris, France).
Anesthesia was induced with propofol (4 mg/kg,
intravenously; Propofol Fresenius, Fresenius Kabi
France, S�evres, France) and ketamine (5 mg/kg,
intravenously) administered to effect and the rabbit
was intubated using a 3.0-mm endotracheal tube.
Anesthesia was maintained with isoflurane in 100%
oxygen. A 20-mL whole blood transfusion was
administered over 4 hours at 5 mL/kg/h, intra- and
postoperatively. A routine ventral midline
laparotomy was performed. Abdominal exploration
revealed a severely enlarged and heterogeneous
spleen with whitish lesions (Fig. 2-A), a discretely
heterogeneous liver and a moderate serosanguinous
effusion. A splenectomy was performed using a
vessel sealing device (LigaSureTM small jaw
instrument, Covidien, Elancourt, France; Fig. 2-B). A
liver biopsy was taken using the same device.
Samples were submitted for cytological
examination, aerobic bacterial culture, and
histopathological examination. The abdomen was
lavaged with warm saline and routinely closed.
Immediate postoperative care included oxygen
supplementation, continuous intravenous analgesia
combining fentanyl (1.25 mg/kg/h; Fentanyl
Renaudin 500 mg/10 mL, Laboratoire Renaudin,
Cambo les Bains, France), lidocaine (1 mg/kg/h;
Xylocaine 2%, Astrazeneca, Rueil Malmaison,
France) and ketamine (0.12 mg/kg/h), fluid therapy
(lactated ringer, 10 mL/kg/h, intravenous),
meloxicam (1 mg/kg, subcutaneously, twice daily;
Metacam, Boehringer Ingelheim, Ingelheim/Rhein,
Germany), trimethoprim sulfamethoxazole
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FIGURE 1. B-mode abdominal ultrasonographic image of a 6.5-year-old pet rabbit with a history of weakness,
anorexia, and anemia. Splenomegaly with heterogenous parenchyma is noted (white arrowheads). The scale on the
right side of the image indicates measurement in centimeters.
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(30 mg/kg, orally, twice daily), and syringe feeding
(15 mL/kg, orally, every 4 hours). After the second
blood transfusion, PCV reached a value of 30%.
On day 3, the rabbit was still lethargic, anorectic,

and tachypneic. Rectal temperature was persistently
within the high values of the normal range (39.2°C
to 39.5°C). Spleen cytology revealed a lymphoid
hyperplasia associated with a moderate nonspecific
inflammatory infiltrate. The effusion was
characterized as pyo-granulomatous. Based on these
results, an infectious etiology was strongly
suspected. Given the absence of improvement of the
rabbit’s condition with the current antimicrobial
treatment, antibiotherapy was modified for
intravenous metronidazole (20 mg/kg, twice daily;
Flagyl 0.5%, Sanofi-Aventis, Gentilly, France) and
marbofloxacin (5 mg/kg, twice daily; Marbocyl FD,
Vetoquinol, Lure, France).
On day 4, rectal temperature decreased (37.5°C

to 38.5°C) and respiratory rate slowed down
significantly (80 to 84 mpm). The rabbit’s
condition gradually improved and analgesic
coverage was progressively decreased. Constant rate
infusion of analgesic was replaced by morphine
(1 mg/kg, subcutaneously, every 4 hours).
Chassang et a
On day 6, blood biochemistry revealed a
persistent elevation of ALT activity (195 U/L) and
PCV value was stable (29%). Bacterial culture
yielded pure growth of Yersinia pseudotuberculosis,
with antimicrobial sensitivity to most antibiotics,
including marbofloxacin and trimethoprim
sulfamides. Morphine was switched to
buprenorphine (0.03 mg/kg, subcutaneously, every
6 hours) and fluid therapy was continued with
subcutaneous administration (20 mL/kg, every 6
hours) based on adequate appetite and fecal
production. Metronidazole was given orally and
marbofloxacin was administered subcutaneously,
at the same dosages.
The rabbit was discharged on day 7. Oral

marbofloxacin and metronidazole were prescribed.
The other rabbit of the household was preventively
treated with trimethoprim sulfamethoxazole for
7 days.
On histopathological examination, the splenic

parenchyma was severely modified by large
multifocal to coalescent areas of necrosis with
accumulation of cellular debris, fibrin, live and
degenerated heterophilic granulocytes, and rare
macrophages and lymphocytes (Fig. 3). Large
l./Journal of Exotic Pet Medicine 29 (2019), pp 182�187



FIGURE 3. Photomicrograph of a section of the spleen
removed from a 6.5-year-old domestic rabbit showing
large coalescing areas of necrosis (black asterisks).
Hematoxylin-eosin X 2.

FIGURE 2. Photographs obtained during the
exploratory laparotomy and splenectomy of a 6.5-year-
old pet rabbit. (A) A 2-cm white nodule is noted at the
tail of the spleen (black asterisk). The spleen appears
severely enlarged with whitish lesions disseminated in
the parenchyma (white arrowheads). (B) During
splenectomy, a vessel sealing device was used to obtain
hemostasis of the splenic branches.
colonies of basophilic coccobacilli were observed
in the center of the necrotic areas. These findings
were consistent with a severe multifocal acute
Chassang et al./Journal of Exotic Pet Medicine 29 (2019), pp
fibrino-necrotizing splenitis with intralesional
coccobacilli, suggestive of a yersiniosis. A mild
multifocal acute necrotizing and heterophilic
hepatitis was also identified. Based on
bacteriological and histopathological findings, a
diagnosis of splenitis and hepatitis due to Y.
pseudotuberculosis infection was made.
A week after discharge, physical examination

revealed no significant abnormality. PCV was
within normal ranges (44%) as well as ALT activity
(41 U/L). Antibiotherapy was continued for
another 2 weeks.
Four months after surgery, a complete blood

count, a blood biochemistry, and an
ultrasonography were within normal limits. The
rabbit died 20 months after surgery from an
unrelated condition.
DISCUSSION

Pseudotuberculosis, is an uncommon zoonotic
infectious disease of domestic pets, but is
considered as the most important cause of clinical
disease in captive wildlife.6 The disease has been
reported in a wide range of species and is
commonly encountered in free-range
lagomorphs.7,8 Y. pseudotuberculosis is a gram-
negative, aerobic coccobacillus that belongs to the
family Enterobacteriaceae.6,9 It is distributed
globally but is particularly prevalent in Europe.
Transmission mainly occurs through ingestion of
foodstuff contaminated by feces of wild birds and
rodents.6 In this case, the rabbit used to eat the
leftover seeds from wild birds fed in the owners’
garden, which was the suspected source of
contamination.
In rabbits, limited data are available regarding

the clinical course of the disease. The bacterium
seems to penetrate mainly through the epithelium
of the duodenum and jejunum after oral
contamination.10 In most species, yersiniosis is not
characterized by any specific clinical signs. In
experimental studies, rabbits exhibit signs of
depression and isolation 5 to 7 days
postinfection.11,12 Longer incubation times of
15 days or more are suggested by some authors.13

Rabbits also display weight loss, ruffled fur, and
increase in body temperature between 39.2°C and
39.7°C.11,12 Pneumonia, enteritis with diarrhea,
and palpable nodules on the liver have also been
reported.13

In veterinary medicine, ante-mortem diagnosis
of pseudotuberculosis has only been reported in a
cat14 and was obtained by exploratory laparotomy
with biopsies for histopathological examination
and bacterial culture. In human medicine,
1 8 5182�187
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Y. pseudotuberculosis infection commonly causes an
acute appendicitis-like syndrome.15 Diagnostic
imaging such as ultrasonography or computed
tomography is generally required to differentiate
this disease from appendicitis, fecal culture or PCR
have been used to diagnose the disease in
humans.15-17 However several cases from recent
publications needed exploratory laparotomy or
laparoscopy to remove infected tissues or collect
biopsies for definitive diagnosis with
histopathological examination or bacterial
culture.18-20 In our case, the main site of infection
was the spleen. Ultrasonographic diagnosis of
splenic lesions is uncommon in rabbits and has
mostly been described in experimental Epstein-Barr
virus infections.21 Bacterial culture of samples
taken during exploratory laparotomy was needed
to get a definitive diagnosis in our patient.
Ultrasound-guided fine needle aspiration of
abdominal effusion or spleen could have enabled
an early diagnosis but none was safely accessible.
Furthermore, the caecum is the primary
colonization site and it appears to serve as a
reservoir for dissemination of the infection to extra-
intestinal sites in mice.22 Typhlitis may have been
the first sign of the disease in this case and a fecal
culture might have enabled an even earlier
diagnosis.
Treatment of the disease in rabbits has never

been reported13 but enteropathogenic Yersinia
species are usually susceptible to doxycycline,
trimethoprim-sulfamethoxazole, chloramphenicol,
aminoglycosides, and fluoroquinolones.9 In
addition to antibiotherapy, this rabbit’s treatment
included blood transfusions and splenectomy.
Transfusion has rarely been reported in pet rabbit
medicine. It is assumed that rabbits with a PCV of
15% or less may benefit from red blood cell
transfusion.23 In this case, the rabbit’s PCV was
13% and significant clinical improvement was
achieved with the transfusions. Transfusion
reactions are considered hypothetical23 and none
was observed in this case, although a second donor
was used.
Splenectomy is frequently performed in ferrets

and dogs, and less frequently in cats. In rabbits, the
surgical technique is similar to small animals24

except for anatomical variations. The rabbit’s
spleen is flat and elongated with a longitudinal
hilus running along its visceral surface, located on
the left caudolateral aspect of the stomach. The
splenic artery arises from the celiac artery and
proceeds toward the splenic hilus. It runs along the
hilus, giving several splenic branches supplying the
spleen and continues as the left gastroepiploic
artery toward the great curvature of the stomach.
Chassang et a
Splenic branches often arise as trunks in common
with short gastric arteries.25 A vessel sealing device
was used in this rabbit, such as reported in dogs.26

It is a safe tool for performing splenectomy in dogs,
and enables a good hemostasis for vessels up to 7-
mm diameter, with minimal to no need of surgical
dissection before application and no remaining
foreign material. This technique was used
successfully in this rabbit and no long-term
postoperative complication has been noted.
Splenectomy has been commonly performed in

laboratory rabbits to study its consequences on the
immune system. Spleen is the major site of
antibody forming cells that subsequently migrates
to the lymph nodes and thymus in splenectomized
rabbits.27 Splenectomized rabbits are capable of
mounting a satisfactory immune response.
Splenectomy is however associated with a lower
resistance to septicemia.28-30 Before performing
splenectomy in rabbits, higher sensitivity to
bacterial infections need to be considered as an
expected long-term complication and close
monitoring of splenectomized rabbits is advocated.
To the authors’ knowledge, this is the first report

of antemortem diagnosis and management of a
splenitis due to Y. pseudotuberculosis in a pet rabbit
in the veterinary literature. Findings in the rabbit of
this report suggest that Y. pseudotuberculosismay be
suspected in rabbits exhibiting diarrhea, weight
loss, and anemia with an inflammatory leukogram.
Also, splenectomy using a vessel sealing device
provided a safe alternative surgical technique in
this patient.
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