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Enteric coronavirus infection in a juvenile dromedary (Camelus dromedarius)

Arno Winschmann, Rodney Frank, Kem Pomeroy, Sanjay Kapil

Abstract. A case of an enteric coronavirus infection in a 6-week-old dromedary calf is described. The
animal had diarrhea for 5 days and died despite symptomatic treatment. Numerous viral particles, approximately
140 nm in diameter, with club-like projections were detected in the feces by electron microscopy. These char-
acteristics were consistent with a coronavirus. Immunohistochemical reactivity with 2 antigenic group Il co-
ronavirus-specific antibodies confirmed the presence of viral antigen in colonic epithelial cells. The death of
the animal was attributed to a neutrophilic and emphysematous colitis that likely was caused by an infection
with a Clostridium sp.

A 6-week-old female dromedaryCémelus dromedarius) minute; reference range40-50 beats/minute). The white
calf with a history of acute diarrhea died 5 days after thelood cell count was 16,000 leukocytes/ml (reference
initial symptoms. According to the owner, the calf was borrangé? 13,000—24,000) with neutrophilia (83%; reference
in Missouri on a pasture that was also inhabited by zebraangé® 53-74%). The anti-inflammatory and antibiotic
The camel nursed from its mother for 1 week after birth. Ateatment was continued but the calf died and was submitted
1 week of age, the calf was separated from its mother atlthe Department of Veterinary Diagnostic Medicine, Uni-
shipped to a farm in Wisconsin. Upon arrival, the calf wagersity of Minnesota, St. Paul, Minnesota, for postmortem
contained indoors and initially fed approximately 1 liter obxamination. Tissue samples, including small and large in-
warm calf milk replacercontaining oxytetracycline and neo-testine, lung, brain, liver, kidney, spleen, heart, intestinal
mycin 4 times per day. The amount of milk replacer wagmph node, and adrenal gland, were fixed in 10% buffered
gradually increased to approximately 2 liters per feedingormalin and embedded in paraffin. Sections cut aim
Clover grass hay was available at all times. The calf hagere stained with hematoxylin and eosin (HE). Additional
contact with miniature horses, zebras, and reindeers thaktions of the intestine were stained with a modified Gram
were kept in the same barn in different stalls. The calf wagain, Fresh samples of lung and liver were submitted for
healthy for approximately 4 weeks. Its weight was approxgerobic culture. The intestine was cultured under aerobic and
imately 75 kg. Five days before death, the calf developggaerobic conditions by routine laboratory procedures. Feces
watery diarrhea after initially being bloated. The owner adyere supmitted for routine parasitologic examination by flo-
ministered penicillin (approximately 20,000 units/kg) intragation techniques. Fecal samples were examined for viruses
muscularly. The calf was presented to the referring vetefly sing direct negative-contrast transmission electron mi-
narian for the first time approximately 1 Qay after the 'n't'aé:roscopy as previously described.
signs were noted by the owner. The animal appeared to bey;qin_pjotin—peroxidase complex method was used for
mildly dehydrated. The calf was treated by the veterinarign, , ;nohistochemical demonstration of coronaviral and ro-
with butorphanop, dipyrone¢ and flunixin meglumintintra- tayiral antigens as previously descriééTwo monoclonal

venously and received electrolytes per os because it was S&H ibodies against ruminant coronavirus (bovine and elk co-

drinking. At the second visit 2 days later, the rectal tempeir- . ik in(cl Z3A | .
ature was approximately 35 C (reference rangé—40 C). onavirus) spike protefn(clone Z3AS) and nucleocapsid

The hematocrit was slightly elevated (37.5%: referen F}rote|ri (clone 8F2), 1 monoclonal antibody against porcine

rangeés: 26—31%). The calf was tachycardic (60 heart beatifmsmlssmle gast_roenterltls_ VIerG.E; clone 14-E3), and
monoclonal antibody against bovine rotavirslone 9-

10) served as primary antibodig$:1°

From the Department of Veterinary Diagnostic Medicine, College At necropsy, the calf was in a good nutritional state. The
of Veterinary Medicine, University of Minnesota, 1333 Gortner Av- ’ . o
enue, St. Paul, MN 55108 (Wiinschmann, Frank, Pomeroy), and t(,;,1olon and cecum were moderately distended and filled with

e : .
Department of Diagnostic Medicine—Pathobiology, College of Veyellow—brown watery fluid. The mucosa of the proximal co-

erinary Medicine, 1800 Denison Avenue, Manhattan, KS 66508N and cecum had multiple, slightly raised, well-demarcat-
(Kapil). ed, red—white mottled areas, which were up to 10 cm in

Received for publication October 1, 2001. length by 5 cm in width (Fig. 1). The mesentery was edem-
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Figure 1. Section of the opened colon with a well-demarcated,
mildly raised, reddened area (bottom) that had numerous, whitish

Figure 2. Histologic section of the colon with emphysematous
mucosa. The mucosa and submucosa were infiltrated with neutro-
phils and lymphocytes. Occasional vessel walls had neutrophilic in-
filtration. Moderate acute mucosal edema was present. HE=Bar

emphysematous foci.

. . 20 .
atous. Histologically, marked acute mucosal and submucosaP m
emphysema was found in the grossly affected colon and ce-

cum. The submucosa and mucosa were moderately infiltrgfmunohistochemical results indicate that the virus of the
ed with neutrophils (Fig. 2). The submucosa was edematatigmel calf may be closely related, if not identical, to mem-
and had mild, multifocal hemorrhages. Numerous crypfers of group Il. Although both monoclonal antibodies used
contained cellular debris. A moderate number of gram-pogyr immunohistochemistry have a high specificity for coron-
itive bacilli, approximately 3—qum in length, were attached ayiral spike protein and nucleocapsid protein, they are not
to the multifocally denuded intestinal surface. able to discriminate between coronaviruses of groupQOb-
Mixed nonhemolytic coliforms and nonhemolytrep-  ronavirus has been isolated from wild living sambar deer,
tococcus sp. were cultured from colon, liver, and lungsyhite-tailed deer, and waterbuck with diarriéahese vi-

Clostridium sp. were not isolated. Parasites, parasite ova, Qfses were antigenetically indistinguishable from bovine co-
oocysts were not detected in the fecal sample.

Bovine coronavirus—specific immunohistochemistry dem-
onstrated brown cytoplasmic staining in the epithelial cellszgf‘f{'-,," v
of multiple colonic crypts (Fig. 3). Crypt epithelial cells ap- | *
peared to be the target cell in grossly altered colonic area‘;év
In contrast, the superficial epithelial cells were almost exs 4«
clusively infected in the macroscopically normal areas of thé,f"
colon. More epithelial cells were infected in macroscopically
altered colonic areas than in macroscopically normal areas.
Bovine coronavirus antigen—specific immunohistochemistry:
of jejunum and lungs and immunohistochemistry for porcine
transmissible gastroenteritis virus antigen and rotavirus an-.
tigen in the colon yielded negative results. :

Numerous viral particles approximately 140 nm in diam-
eter with club-like surface projections were detected by elec";w
tron microscopy of the feces (Fig. 4). Enteric coronaviruses
are common pathogens in pigs and cattle and are frequently
associated with fatal neonatal diarrié&A magnitude of
100,000 virus particles per milliliter of feces are thought to - §
be necessary to detect virus particles by direct negative-con- 4
trast electron microscopy, as performed in the presentfcase.
This high number of virus particles suggests an acute infec- -5
tion in the present case. :

The source of the infection is uncertain in the present case.
Coronaviruses are divided into 3 antigenic groups with an-
tigenic crossfr_eac_tivity Within the groups. Ra_t coronavirus, Figure 3. Immunohistochemical section of the colon. Multiple
mouse hepatitis virus, murine enteric coronavirus, huma_n Epithelial cells of the crypts contained a reddish precipitate indicat-
spiratory coronavirus, elk coronavirus, equine coronavirlgg the presence of coronavirus antigen. Avidin—biotin—peroxidase
porcine hemagglutinating encephalomyelitis virus, and benethod; anti-bovine coronavirus antibody (clone 8F2). Bal00
vine coronavirus belong to the antigenic groug4?2The pm.
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The possible interspecies coronavirus infection may have
implication for the cohusbandry of individuals of the family
Camelidae with individuals of other families such as Bovi-
dae, Cervidae, and Equidae. Serologic data as well as elec-
tron microscopic and virologic examination of fecal samples
are needed to study the epidemiology of coronavirus infec-
tions in camels.
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Resistance of domestic cats to a US sheep scrapie agent by intracerebral route

Amir N. Hamir, Wilber W. Clark, Diane L. Sutton, Janice M. Miller, Mick J. Stack,
Melanie J. Chaplin, Allen L. Jenny

Abstract. Feline spongiform encephalopathy (FSE) is thought to have resulted from consumption of food
contaminated with bovine spongiform encephalopathy and the latter is believed to result from the consumption
of food contaminated with scrapie. However, no direct experimental documentation exists to indicate that the
scrapie agent is capable of amplifying in cats, and, therefore, crossing the species barrier. During 1979, 6 cats
ranging in age from 3.5 to 18 months were intracerebrally inoculated with sheep scrapie (inoculum G-639-PP)
and were observed for an extended period. Inoculated cats did not develop neurologic disease, and microscopic
lesions of spongiform encephalopathy were not evident. Immunohistochemistry and Western blot techniques
failed to detect the abnormal form of prion protein (PjPThese results indicate that the sheep scrapie agent
(G-639-PP) used in this study was not capable of amplifying in cats and therefore was unable to cross the
species barrier to produce FSE.

Feline spongiform encephalopathy (FSE) is a fatal nethe scrapie agent has not been reported, and, therefore, no
rologic disease that is classified as a transmissible spong¥idence exists to suggest that the abnormal form of prion
form encephalopathy (TSE) or a prion disease. Feline spgrotein (PrP®9 in scrapie can amplify in cats and thereby
giform encephalopathy first appeared in the United Kingdoatoss the species barrier. One such experiment was done in
(UK) in the 1990s during the epizootic of bovine spongiform 979 but results of the study were not reported. Furthermore,
encephalopathy (BSE), and since then approximately 90 cas-that time no in vitro laboratory tests were available to
es of FSE have been seen in the UK and in Euroeline  confirm the presence of P#Pin tissues of these cats. This
spongiform encephalopathy is thought to have been trargmmunication documents results (histopathology, immu-
mitted by consumption of food contaminated with BSEpohistochemistry, and Western blot) of the 1979 experiment

which is suspected to have resulted from consumption @fat involved intracerebral inoculations of domestic cats with
food contaminated with scrapteln the United States, at sheep scrapie agent.

least 2 experiments have been conducted to show that intram 1979, 2 18-month-old queens (of unknown relation-

cerebral inoculations of sheep scrapie into cattle producegmp) and their progeny (2 kittens each, all 3.5 months of

form of TSE, but the experimental disease is chmcopath%-ge) were obtained from a local farmer at Mission, Texas,
logically dlffgre_nt from BSE AIS.O’ a second passage of Lor this study. All were intracerebrally inoculated with 0.5
of the scrapie inocula failed to mducg BSE in the intraceq o 5 109% solution (wt/vol) of a scrapie-positive sheep

rebrally inoculated cattlé Experimental infection of cats by brain (Suffolk G-639-PP) that was obtained at death from a
32-month-old Suffolk ewe with clinical signs of scrapie (Ta-

From the National Animal Disease Center, ARS, USDA, 230ble 1). The brain of this ewe was histopathologically positive
Dayton Avenue, PO Box 70, Ames, IA 50010 (Hamir, Miller), VS for scrapie and when it was inoculated intracerebrally into

APHIS, USDA, 208 N Montana Avenue, Suite 101, Capital Ongnice, it produced scrapie in 9 of 10 animals at 352—460 days
Center, Helena, MT 59601 (Clark), NAHPS, APHIS, USDA, 470Qfter inoculation.

River Road, Unit 43, Riverdale, MD 20737 (Sutton), the Veterinary : : : :
Laboratories Agency, Woodham Lane, New Haw, Weybridge, Sur- During the observation period, none of the inoculated cats

rey KT15 3NB, UK (Stack, Chaplin), and the Pathobiology Labodeveloped neurologic signs. The cats were euthanized when

ratory, National Veterinary Services Laboratories, APHIS, USDAN extremis (be_cause of unrelated medical conditions; Tab!e
1800 Dayton Road, Ames, IA 50010 (Jenny). 1), and a detailed necropsy was conducted. Representative
Received for publication September 27, 2001. tissue samples were immersion-fixed in formalin, and sam-
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