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Neutralizing antibodies against vesicular stomatitis viruses (serotypes New Jersey and
Indiana) in horses in Costa Rica

Maren Blickwede, Gaby Dolz, Marco V. Herrero, Sarah M. Tomlinson, Mo Salman

Abstract. Serum samples were collected from domestic horses in 4 different regions of Costa Rica to detect
antibodies against vesicular stomatitis viruses, serotypes New Jersey (VSV-NJ) and Indiana (VSV-IN). A total
of 214 samples were tested by the virus neutralization test. The sampling regions were identified as low North
Pacific dry area (1), low Middle Atlantic humid area (2), low South Pacific humid area (3), and the highlands
(4). In region 1, 97.1% of horses were positive for VSV-NJ and 16.5% were positive for VSV-IN. The mean
antibody titer and its standard deviation after logarithmic transformation werez5@6 for VSV-NJ and 3.55
+ 1.66 for VSV-IN for region 1. In region 2, 40.7% of horses were positive for VSV-NJ and 32.2% were
positive for VSV-IN. The mean antibody titer in region 2 was 4:831.82 for VSV-NJ and 3.47 1.73 for
VSV-IN. In region 3, 20.79% of horses were positive for VSV-NJ and 27.6% were positive for VSV-IN. The
mean antibody titer in region 3 was 4.391.89 for VSV-NJ and 3.47 1.82 for VSV-IN. In region 4, 91.3%
of horses were positive for VSV-NJ and 73.9% were positive for VSV-IN. The mean antibody titer in region
4 was 5.77+ 1.10 for VSV-NJ and 4.85 1.63 for VSV-IN. This is the first published report of the detection
of virus-neutralizing antibodies against VSV-NJ and VSV-IN in horses in Costa Rica.

Vesicular stomatitis viruses (VSVs) infect domestic anitries in the western hemisphere; therefore, serologic distinc-
mals including horses, cattle, and swine. Two VSV serotypé&en between the 2 diseases is critical.
are known, New Jersey (VSV-NJ) and Indiana (VSV-IN). In horses, VS manifests as vesicles and ulcerations on the
The Indiana serotype consists of 3 strains: IN1, IN2 (Cocatpngue, mucosal surfaces in the mouth, and the coronary
and IN3 (Alagoas). bands Equids are susceptible to both VSV-NJ and VSV-IN,
The recent epidemics of VS in North America werdut are not affected by FMD. No reports have been pub-
caused by the VSV-NJ serotype in 1995 and 1997 and tli&hed concerning VS in horses in Costa Rica.
VSV-IN serotype in 1997 and 1998. New Mexico, Utah, From 1991 to 1999, information on only 10 cases of
Arizona, Wyoming, Texas, and Colorado all reported VS\equine VS has been recorded in the archives of the Labo-
seropositive animals during some outbreak years. An animatory of Virology, Tropical Diseases Research Program,
was considered positive for VSV in these outbreaks if it ha8ichool of Veterinary Medicine, Universidad Nacional, He-
clinical signs consistent with VSV and positive virus isolaredia, Costa Rica. A case was defined as clinical disease with
tion, or was positive to 1 or more serologic tests, or botlirus isolation. The occurrence of these cases was reported
Overall, 99% of the confirmed cases occurred in horses withthe following provinces: 3 in Heredia in October 1994, in
Colorado reporting the largest number of equine VS c@sealajuela in March 1994, 4 in Cartago in February 1996, 1
The International Office for Epizootics classifies VS as a Lisit Alajuela in February 1996, and 1 in Heredia in February
A disease. This classification requires reporting of VS casg996. The objective of this study was to determine the level
to the international agriculture community and results in thef antibodies against VSV-NJ and VSV-IN in horses from
restriction of animal movements from within affected aredifferent regions of Costa Rica.
as?® Vesicular stomatitis outbreaks may have significant im- Blood samples were collected from 214 mixed-breed hors-
pacts on horse and livestock industries. es on 19 farms in Costa Rica. All available horses were
Vesicular stomatitis is a disease of the western hemisphg@np|ed on each farm visited. Farms were located in 4 re-
and is endemic on Ossabaw Island, Georgia, and in Mexicgpons; low North Pacific dry area (region 1), low Middle
Central America, and South Ameri¢&:'>Vesicular stoma- Atlantic humid area (region 2), low South Pacific humid area
titis is very important to cattle industries because it is clinregion 3), and the highlands (region 4). Regions of Costa
ically indistinguishable from foot and mouth disease (FMDRica are defined in Figure 1. Details of the farms and horses
Foot and mouth disease has been eradicated from most cosiinpled are provided in Table 1.
Serum samples were collected between October 1998 and
- May 1999. Blood was drawn from the jugular vein of each
From Universitaet Hannover, Welfengarten 1, 30169 Hannovefqrse with a needle and vacutainer tube. Samples were trans-

Germany (Blickwede), PCVET, Escuela de Medicina Veterinari - :
Universidad Nacional Apdo 304-3000 Heredia, Costa Rica (Dol ,o(;(t)%dxto tgﬁ dla}[ﬁgrzte?L%avcgscgg :IefoQdofgruln(:”Telgltjetzs at
Herrero), and the Center of Veterinary Epidemiology and Animal’ 9 . TN
Disease Surveillance Systems, College of Veterinary Medicine a @e serum was analyzed by the virus-neutralization test
Biomedical Sciences, Colorado State University, Fort Collins, C6/NT) for both VSV-NJ and VSV-IN.

80523-1676 (Tomlinson, Salman). The VNT was performed as previously described. mi-

Received for publication July 6, 2001. crotiter neutralization test was used for the detection of neu-
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Figurel. Costa Rican regions for sampling horses for evidence of vesicular stomatitis virus (note: 1, 2, 3, and 4 refer to study regions;
see Table 1).

tralizing antibodies to VSV-NJ and VSV-IN. Eight serumthe number of samples for that region. The log-likelihood
samples were heat inactivated (56 C for 30 minutes), dilutetli-square test was used to compare the proportion of se-
from 1:100 to 1:6,400 (4-fold dilutions) with Dulbecco min-ropositive horses between regions (Table 1). Antibody titers
imum essential medium in duplicate wells of tissue cultuneere transformed by taking the natural log of the end titer
plates, and 100—200 median tissue culture infective dosesddfition. The mean and the standard deviation for the trans-
VSV-NJ (Greentree strain) and VSV-IN (Cuhayo strainformed titer data were calculated. The 4-fold dilutions used
were added to each well. After incubation of the plates &ir the VNT results in the titer data were considered non-
37 C and 5% CQfor 1 hour, Vero E6 cells were added asontinuous. Therefore, the Kruskal-Wallis test, which per-
indicator cells (10,000 cells/well). Cell control, virus controlforms an analysis of the ranks of the data, was used to com-
positive control, and negative control serum samples wepare the mean titers of VSV-NJ and VSV-IN between re-
included in each neutralization assay. All plates were reaibns!* The results of these comparisons are provided in
in 48 hours, and each sample for each serotype (New Jer3aple 2. All statistical tests were conducted with statistical
or Indiana) was determined to be positive if a confluersoftware?
monolayer of Vero cells appeared at a dilution of 1:8 or Previous studies in Costa Rica reported that VSV-NJ in-
greater. fections occur much more frequently than VSV-IN infections
The percentage of seropositive horses was defined as ithelairy cattle!® Our findings concur, with 70.6% of horses
number of positive samples for each serotype, divided Isgrologically positive for VSV-NJ and 28.5% positive for

Table 1. Characteristics and percent seropositive for vesicular stromatitis virus, serotype New Jersey (VSV-NJ) and serotype Indiana
(VSV-IN) for horses sampled in 4 regions of Costa Rica.

No. horses No. horses % positive % positive
Region Total farms Total horses No. males No. females =5 years >5 years VSV-NJ VSV-IN
1 3 103 32 71 23 81 97.1 16.5
2 2 59 30 29 14 45 40.7 32.2
3 7 29 20 9 3 26 20.7 27.6
4 7 23 13 10 0 23 91.3 73.9
Totals 19 214 95 119 40 175 70.6* 28.5T

*y2 = 99.7,P < 0.0001.
2 = 30.9,P < 0.0001.
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Table 2. Means of transformed virus-neutralization antibody tiof those factors that contribute to the variability between
ters for vesicular stromatitis virus, serotype New Jersey (VSV—Nﬂégions_

and serotype Indiana (VSV-IN) in horses in 4 regions of Costa Rica. p|| previous studies of VS in Costa Rica have focused on
the disease in cattfex"81013Horses, pigs, and humans live

Region VSV-NJ mean titer (SD)* VSV-IN mean titer (SD)T . Lo
in the same areas as cattle and all may be exposed to similar

1 5.86 (0.90) 3.55 (1.66) risk factors. More specific studies are required to determine
2 4.33 (1.82) 3.47 (1.73) the serologic status of other domestic animals and their role
3 4.39 (1.89) 3.47 (1.81) in the transmission of VSV in endemic areas.
4 5.77 (1.10) 4.85 (1.63) Acknowledgements. We appreciate the help provided by
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antibodies to VSV-NJ. The percentage positive between merado State University, Fort Collins, Colorado, through a
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0.0001). The greatest and least percent positive for VSV-IN
were found in region 4 (73.9%) and region 1 (16.5%), re- Sour ces and manufacturers
spectively. In regions 2 and 3, respectively, 32.2 and 27.6%
of horses had virus neutralizing antibodies to VSV-IN. Thé&
percentage positive between regions was statistically differ-
ent for VSV-IN (x> = 30.9, P < 0.0001). Differences in
percent positives among the regions may be associated with Atwill ER, Rodfguez LL, Hird DW, Rojas O: 1993, Environ-
the different ecological conditions found in each region. Var- mental and host factors associated with seropositivity to New
iations in temperature, total precipitation, timing of precipi- Jersey and Indiana vesicular stomatitis viruses in Costa Rican
tation, elevation, and vegetation all effect diversity, density, cattle. Prev Vet Med 15:303-314.
and activity of insect species. Region 4, which had higt?- Comelisen BPM, Frez E: 1987, Algunos aspectos del compor-
numbers of seropositive horses for both VSV-NJ and VSyV- tamiento epidemiolgico de la estomatitis vesicular (EV) en
IN, is premontane wet forest with an average annual rainfall &czzt_as)?ﬁg'_l?iwdlo retrospectivo: 1972/1986. Ciencias Vet
of >2,000 mm and tgmperatures ranging from 15 to 30 CB. Green SL: 1993, Vesicular stomatitis in the horse. Vet Clin
Phlebotamine sand flies, known vectors of VSVs, have been north am Equine Pract 9:349-353.
collected from farms in this regionAlthough a reservoir of 4, Herrimdez De Anda J, Salman MD, Mason J, et al.: 1992, A
VSVs has yet to be identified, a small mammal is the most prospective study of vesicular stomatitis in cattle in an enzootic
likely reservoir of VSV. Regional variations in ecologies region of M&ico. Prev Vet Med 14:209-215.
would result in differences in populations of small mammals5. Herrero MC, Jimenez AE, Rodriguez LL, Pereira R: 1994, Phle-
both in density and species in each region. Research that botomines (Diptera: Psychodidae) collected at a Costa Rican
focuses on the prevalence, population, and requirements of dailrygfla;nlwzingizesicular stomatitis endemic area. J Med Ento-
specific vectors in each region is warranted to understand Mo 21:91e=914.
tr?e importance of insects aﬁd rodents in the transmission Of %CCIUSkey B, Mumford E, Traub-Dargatz J, Salman, MD:
. 99, Vesicular stomatitis outbreaks in the southwestern United
VS throughout Costa Rica.

. . . States: 1995-1998. Proc Soc Trop Vet Med 1999:97.
This report describes an exploratory study to determing pge; E, Cornelissen B: 1988, Retrospective study of the tem-

the presence of virus-neutralizing antibodies against VSV- poral distribution of vesicular stomatitis in cattle in Costa Rica,
NJ and VSV-IN in horses within different regions of Costa 1972-1986. Prev Vet Med 6:1-8.

Rica. Premises included in this study may not be represet®: Remmers L, Rez E, Jimieez A, et al.: 2000, Longitudinal stud-
tative of all premises with horses in the regions selected. ies in the epidemiology of vesicular stomatitis (VS) on Costa
The relationship of farm factors (management, location, land Rican dairy farms. Ann N Y Acad Sci 916:417-430.

use, and other animal species), host factors (age, breed, g@n_Rodrlguez LL, Fitch WM, Nichol _ST: 1996, Ecol_oglcal fact_ors
der, geographic origin, and travel history), ecologic factors ;?ct)r:ﬁ;ttizsr\]/itﬁgps:slcfigﬁr,icdaodménc?tsgf ;;igggg oll‘ngessFl)cular
(precipitation, temperature, and humidity), and insect VeCtﬁz{). Rodriguez LL, Vernon S, Morales Al, Letchworth GJ: 1990,
and rodent f_actors (presence and prevale_nce_of specula edSeroIogicaI monitoring of vesicular stomatitis New Jersey in
VSV transmitters) to the presence of antibodies were not gp;g0tic regions of Costa Rica. Am J Trop Med Hyg 42:272—
examined in this study. Further examination of these factors »g1.

may explain the significant difference in frequency of VSVi1. Shott S: 1990, Statistics for health professionals. WB Saunders,
NJ and VSV-IN antibody titers and lead to the identification Philadelphia, PA.
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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 descriédTwo 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

. . roteiri (clone 8F2), 1 monoclonal antibody against porcine
The hematocrit was slightly elevated (.37'5%; referen Fnsmiésible gast?oenteritis Vieud GE; clor)wle €1J4-E3)pand
rangeés: 26—31%). The calf was tachycardic (60 heart beatiﬁmonoclonal antibody against bovin,e rotavirgslone 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-Colon and cecum were moderately distended and filled with

enue, St. Paul, MN 55108 (Wischmann, Frank, Pomeroy), and the I b terv fluid. Th fth imal
Department of Diagnostic Medicine—Pathobiology, College of Ve €lloW-brown watery UI_ : e_mucosa_ orthe 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-



