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Abstract. The activity of vesicular stomatitis viruses was monitored on 3 dairy farms
in Costa Rica. Antibody levels were measured and clinical disease monitored in 165 cattle
during a 20 month period (1986-1988). Vesicular stomatitis New Jersey (VS NJ) virus was
shown to be enzootic on these farms by a 94.2% prevalence of neutralizing antibody; this
did not vary significantly between herds. The mean prevalence of antibody to vesicular
stomatitis Indiana (VS IN) virus was 15.2%, but was significantly higher in 1 herd. A total
of 25 cases (annual incidence rate of 9%) of clinical vesicular stomatitis (VS) was reported.
VS NJ virus was identified as the causal agent by detection of VS NJ virus antigens by the
complement fixation test. VS NJ virus was isolated in 11 cases. All episodes of disease
occurred between November and January, the beginning of the dry season. Most animals
maintained stable neutralizing antibody titers throughout the study, and all diseased ani-
mals were previously seropositive to VS NJ virus. A total of 31 animals with neutralizing
antibodies to VS NJ virus had a VS NJ virus-specific IgM response, and 6 animals had
IgM responses that persisted for as long as 6 months. There was no relation between IgM
responses and clinical disease occurrence. VS NJ virus persisted predominately as a sub-
clinical infection in cattle throughout the year in enzootic areas of Costa Rica. The humoral

response did not prevent reinfection with VS NJ virus.

Domestic livestock of many Central and South
American countries are frequently infected with
vesicular stomatitis virus (VSV). This virus caus-
es vesicular stomatitis (VS) characterized by ve-
sicular lesions leading to loss of epithelium of
the mouth, tongue, coronary band, and udder.
These signs are clinically indistinguishable from
those caused by foot and mouth disease virus
(FMDV). In some cases, VS occurs as a subclin-
ical (non-vesicular) debilitating disease.' There
are at least 2 serotypes that cause VS, VS New
Jersey (VS NJ) virus, and VS Indiana (VS IN)
virus. Both are members of the genus Vesicu-
lovirus within the family Rhabdoviridae.

In recent years, VS NJ virus has been the most
frequently isolated virus in clinical cases of ve-
sicular stomatitis in North America and Latin
America.? In temperate regions of Mexico and
the United States, VS causes epizootics at vari-
able intervals, whereas from southern Mexico,
throughout Central and South America, the dis-
ease is considered enzootic. In Costa Rica, VS
appears regularly at the beginning of the dry sea-

son (November-December).>¢ This disease is
considered important because of the direct and
indirect losses associated with clinical cases in
epizootic and enzootic areas.”® Because of its
similarity to FMDYV, it causes alarm and con-
fusion when it appears in FMDV-free areas.

The natural cycle of VS NJ virus is not yet
clear, particularly under enzootic conditions. Se-
quence analysis of viral isolates of epizootic and
non-epizootic origin suggest that the virus may
be maintained in a stable reservoir in nature and
periodically escapes this niche to infect domestic
animals.®!°

This study was a prospective serological sur-
vey in a VS enzootic region, to determine the
level of viral activity during the presence and
absence of disease in a group of adult dairy cattle.
Neutralization surveys were used to show that
VS NJ virus was enzootic in the 3 herds over the
period. Virus isolation and complement fixation
were used to document each occurrence of clin-
ical VS. An IgM capture ELISA was used to fol-
low VS NJ virus-specific IgM responses.
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MATERIALS AND METHODS
Survey area

Three dairy farms (B, C, and G), comprising
a total average population of 165 animals, par-
ticipated from August 1986 to March 1988. These
farms were located within a 20 mile radius of the
town of Grecia in the province of Alajuela, Costa
Rica. The altitudes were 1,600, 1,300 and 1,100
m above sea level for B, G, and C, respectively.
The land is considered premontane wet forest,
with an average annual rainfall >2,000 mm and
a marked dry season from December to May.!!:!2
The temperature range is 15-30°C (average
22.5°C) throughout the year.!' This is an agri-
cultural region where coffee and sugar cane are
the major crops and dairy farms are small sec-
ondary operations.

Clinical cases

Farms were visited once every month. Cattle
were observed during milking in order to detect
active clinical cases or fresh scars. During the
intervals between visits, farm personnel were
asked to record and report any animals with ve-
sicular disease. The farm personnel were given
vials of transport medium (20% phosphate buff-
ered glycerol, pH 7.2) and asked to collect epi-
thelium and/or vesicular fluid from any vesicular
lesion, write the cow number and the date on the
label, and immediately inform the laboratory at
the Veterinary School in Costa Rica. Samples
collected during monthly visits or by farm per-
sonnel were delivered to the laboratory within
24 hr. Part of each sample was sent to the Ve-
sicular Diseases Diagnostic Laboratory (LA-
DIVES) in Panama for detection of VS viral an-
tigen by the complement fixation test.!> The
remainder of each sample was frozen at —70°C.
Once a case was identified as VS, virus was iso-
lated on Vero cells and confirmed as VS NJ virus
by a microtiter neutralization test with anti-VS
NJ or anti-VS IN serum (kindly provided by
Gene Erickson, National Veterinary Service
Laboratory, U.S. Department of Agriculture,
Ames, IA). The anti-VS NJ serum contained high
titer antibody to 100 TCIDs, of VS NJ virus and
did not neutralize 100 TCIDs, of VS IN virus at
the lowest dilution (1:100) of antiserum. The re-
ciprocal was also true for the anti-VS IN serum.
The incidence rate of clinically observed VS was

273

calculated as the number of new cases divided
by the average population at risk during a given
period of time!* and may underestimate the real
incidence rate because cases may have escaped
observation.

Serological survey

Serum samples were collected from all adult
cattle present on the farm on each sampling date.
The mean number of animals sampled in each
herd was 26, 42, and 20 for herds B, C, and G,
respectively, for an average sample population
of 88 animals (53% of the total population of 165
animals). All animals were sampled at least 5
times among 8 collection dates. Sera were col-
lected approximately every 2 months, except from
January to May 1987.

Serological assays

Sera were tested for neutralizing antibodies to
VS NJ virus and VS IN virus by microtiter neu-
tralization assay in 96-well plates.'> The indi-
cator cells were Madin Darby bovine kidney cells,
purchased from American Type Tissue Culture
(ATCC CCL22) and used at passage levels below
185. All sera were tested at 4-fold dilutions start-
ing at 1:100 against 100 TCIDs, of VS NJ virus
Greentree strain and VS IN virus Lab Strain
(supplied by Thomas Monath, Centers for Dis-
ease Control, Fort Collins, CO). Both viruses were
provided as lyophilized 10% suckling mouse
brain. To control for interassay variation, serial
serum samples from the same animal were ti-
trated in the same assay. VS NJ and VS IN virus
reference antisera and negative control serum
were included in every neutralization assay.

An IgM antibody capture ELISA (MAC ELISA)
was used for the detection of IgM antibodies to
VS NJ virus. This assay was performed as de-
scribed.!¢ Affinity purified goat anti-bovine IgM
(n chain-specific) antibodies (Kirkegaard and
Perry Laboratories, Inc., Gaithersburg, MD) were
bound to wells of 96-well flat-bottomed polysty-
rene plates (Immulon I, Dynatech Laboratories,
Inc., Alexandria, VA), followed by test serum
diluted 1:100. Positive and negative control bo-
vine anti-VS NJ sera from a calf (No. 001) ex-
perimentally infected at the University of Wis-
consin, and a heifer (Juanita) experimentally
infected at the Veterinary School in Costa Rica,
were included in every plate. Positive serum was
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FIGURE 1. Total number and date of occurrence of
clinical cases in 3 study herds.

the day 15 post-inoculation serum and the neg-
ative control was the pre-inoculation serum.
Gradient purified VS NJ virus was then added
and virus bound by VS NJ virus-specific IgM
was detected using mouse IgG anti-VS NJ gly-
coprotein antisera conjugated to alkaline phos-
phatase and an appropriate chromogen. Gradi-
ent purified VS IN virus was used as the negative
antigen control. Every serum sample was screened
against both VS NJ and VS IN viral antigen.
Antisera to the VS NJ virus glycoprotein was
prepared by inoculation of mice with the gly-
coprotein that had been purified from the VS NJ
(Greentree strain) virion by detergent disruption
and centrifugation as described previously.!” Op-
timal dilutions of the capture antibody, antigens,
and conjugate were determined by checkerboard
titrations. A serum was considered positive if it
had a positive over negative ratio >2. This was
determined by dividing the mean absorbance
value of 1:100 diluted test serum by the mean
absorbance of the negative control pre-inocula-
tion serum. Positive samples were titrated at 4-
fold dilutions starting at 1:100.

RESULTS
Clinical cases

A total of 25 clinical cases of vesicular disease
were observed between August 1986 and March
1988. All cases were confirmed as VS NJ virus
by detection of VS NJ viral antigen using routine
diagnostic complement fixation tests at the LA-
DIVES laboratory in Panama. In 11 cases, virus
was isolated and identified as VS NJ virus by
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TABLE 1

Individual herd prevalence of neutralizing antibodies to
VS NJ and VS IN viruses

Average Prevalence 1986-1988 (SD)*
Herd population VS NJ virus VS IN virus
B 26 93.9 (3.58) 12.70 (4.5)
C 43 92.4(6.13) 23 (4.7t
G 19 96.3 (4.17) 10 (9.61)
Total 88 94.2 (4.78) 15  (8.6)

* Prevalence calculated as follows: (number of seropositive animals/
population sampled) x 100. SD = standard deviation.

1 Value was significantly different from the mean (P < 0.05) by analysis
of variance.

neutralization with reference serum. These 25
cases represented an annual incidence of 9% in
the total average population of the 3 herds (165
animals). No differences were observed in case
occurrence among herds (P < 0.05). Most cases
occurred during the dry season, particularly dur-
ing the months of November, December, and
January (Fig. 1).

Serological survey

The mean number of adult cattle tested during
the 8 sampling dates for the 3 herds combined
was 88. The overall average prevalence of neu-
tralizing antibodies was 94.2% (4.8% SD) for VS
NJ virus and 15.2% (8.6% SD) for VS IN virus
(Table 1). No significant differences in the anti-
body prevalence to VS NJ virus were observed
among herds. However, herd C had a statistically
significant higher average prevalence of antibod-
ies to VS IN virus (Table 1). No significant dif-
ferences were observed in the prevalence of neu-
tralizing antibodies to VS NJ virus nor VS IN
virus among the 8 sampling dates (Fig. 2).

We attempted to reveal recent primary infec-
tions by measuring VS NJ virus-specific serum
IgM with the MAC ELISA. The test proved to
be specific for IgM. Positive control sera (day 15
post-inoculation) had absorptions >2 times (and
>3 SD) above those of the negative control sera
(Fig. 3). Most of the test sera failed to react in
this assay, although many contained high titers
of neutralizing antibodies directed against VS NJ
virus. The MAC ELISA also proved specific for
VS NJ virus. Sera positive for VS NJ IgM lacked
reactivity with the VS IN viral antigen (Fig. 3).
Thirty-one animals had at least one IgM re-
sponse over the 20 month period of the study
(Table 2). Sera from animals that experienced
clinical disease and those that were not reported
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to have clinical disease were compared for the
presence of specific IgM (Table 2). Of the 4 IgM
positive animals with clinical disease, only 1 an-
imal had an IgM response that corresponded with
acute clinical symptoms (data not shown). The
IgM responses were detected throughout the year
and did not correspond with the seasonality of
clinical disease (data not shown).

Many animals with and without clinical symp-
toms and all with previous neutralizing antibody
titers to VS NJ virus had IgM titers that persisted
for more than a month. Six of the 31 animals
with persistent IgM responses had detectable IgM
levels on 2 or more consecutive bleeding dates
(Table 3).

Approximately 20 animals had drastic fluc-
tuations in the neutralizing antibody titer to VS
NJ virus from 1 bleeding to the next (2 month
period) often with a change in titer >10-fold.
Figure 4A demonstrates this type of fluctuating
antibody response of a representative animal from
each herd. All the sera of each animal from the
consecutive bleedings were tested in duplicate in
the same assay to preclude interassay variation.
The fluctuations of antibody titers prevented us
from making valid comparisons of average titers
among herds or bleeding dates due to the high
standard errors obtained (data not shown). Most
animals maintained a relatively stable neutral-

izing antibody response throughout the 20 month
test period. This stable neutralizing antibody re-
sponse of 3 representative animals is shown in
Figure 4B.

Unexpectedly, seropositive animals became
clinically ill. Furthermore, all animals with clin-
ical disease had neutralizing antibodies to VS NJ
virus prior to the onset of illness. Table 4 shows
the neutralizing antibody titers to VS NJ virus
of animals from which at least 2 serum samples
were available prior to the onset of clinical dis-
ease and the date that these animals were re-
ported to have experienced clinical VS. In all
cases, the causal agent was identified as VS NJ
virus by the complement fixation test. In addi-
tion, in those animals marked by a dagger,
virus was isolated and identified as VS NJ virus

TABLE 2

Number of animals with IgM responses in herds B, C,
and G from August 1986 to March 1988

Clinical disease No clinical disease

Herd IgM No IgM IgM No IgM
B 3 4 4 34
C 1 5 22 54
G 0 12 1 25
Total 4 21 27 113
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FiGure 3. MAC ELISA optical densities (OD,,s) of control sera and 125 test sera from herd B. Positive

control sera (A), negative control sera (W), and test sera (0) were tested against VS NJ virus and plotted against
the OD,,;s of the same sera tested against VS IN virus. Dotted line delineates OD,,s values accepted as positive

or negative for VS NJ-specific IgM.

by a serum neutralization assay using anti-VS
NJ virus reference serum. In the remaining an-
imals, virus isolation attempts were unsuccessful
but all were identified as VS NJ virus by the
complement fixation test of epithelium samples.

TABLE 3
Animals with repeated IgM responses

Neutalizing
titer prior Date of
to first clinical
Animal* IgM Date(s) of IgM response disease
B647 1:400 08/87,11/87,01/88 12/87
B654 1:6400 12/86,01/87 12/86
C27 1:1600 10/86, 3/88F NAS§
C30 1:400 08/87, 10/87 NA
C41 1:1600 06/87, 10/87% NA
C46 1:1600 06/87,08/87 NA

* The letter indicates herd of origin.

+ Animal was negative for IgM between 10/86 and 3/88.
1 Not bled on 8/87.

§ Clinical disease not reported in these animals.

DISCUSSION

This study was initiated to examine some of
the epidemiological aspects of VSV in an en-
zootic region. The serological response of the an-
imals and the occurrence of clinical disease were
used as indicators of viral activity in the cattle
population throughout the study. The occurrence
of clinical cases was seasonal, with the majority
occurring during the beginning of the dry season
(November—January). This agrees with the re-
ported seasonal incidence of clinical cases in Cos-
ta Rica during the last 15 years.> We found that
the seroprevalence to VS NJ virus in all 3 herds
examined was very high throughout the 20 month
period, whereas the seroprevalence to VS IN vi-
rus was relatively low. This was substantiated by
the fact that only VS NJ virus was isolated from
clinical cases. These findings also agree with re-
ports that 82.3% of VS-related vesicular disease
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FIGURE 4. A. Examples of a fluctuating neutralizing antibody response to VS NJ virus in a representative
animal from each herd. B. Maintenance of a stable neutralizing antibody response to VS NJ virus in a repre-

sentative animal from each herd.

cases in Costa Rica are caused by VS NJ virus,
whereas only 17.7% are caused by VS IN virus.>¢
However, herd C, which had a higher prevalence
of neutralizing antibodies to VS IN virus than
the other 2 herds, had an outbreak caused by VS
IN virus in January 1989 (data not shown), which
demonstrated that VS IN virus was circulating,
but not to the same extent as VS NJ virus.
One of the goals of this study was to determine
if the antibody titers to VSV fluctuated according

to the season. Since most clinical cases were ob-
served from November to January, we might
expect a drop in the number of seropositive an-
imals in the months without clinical activity.
However, this was not the case, and seroprev-
alences for VS NJ virus and VS IN virus did not
fluctuate over the 20 month period.
Experimental infection with VS NJ virus re-
sults in seroconversion and a persistent fluc-
tuating neutralizing antibody response for up to
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TABLE 4
Animals with neutralizing antibody titers to VS NJ virus susceptible to reinfection with the virus*

Animal Aug 86 Oct 86 Dec 86 Jan 87  June 87 Aug 87 Nov 87 Dec 87 Jan 88 Mar 88
455t 1600 1600 400 1600 6400 400 400 — - -
478 —f 1600 1600 __— 1600 1600 — — 1600 400
481 1600 1600 3200 __ — — 6400 — 6400 -
580t 1600 6400 6400 — 1600 1600 = — - -
594 1600 1600 >6400 - — >6400 — >6400 >6400
6041 — — 6400 — 400 - 1600 — 100 1600
646 — — 1600 1600 100 400 >6400 - >6400 100
4 >6400 1600 . 1600 1600 1600 - — - -
24 1600 400 — 400 400 - 400 - 400 1600
114t — 400 - 1600 400 400 _400 — 1600 1600
485 400 400 1600 — 100 6400 3200 — 6400 400
540 <100 100 1600 — 100 400 1600 — 100 1600
5451 6400 100 _400 1600 6400 1600 1600 - — —
581 1600 100 1600 — 100 <100 1600 — 1600 100

+ VS NJ virus isolated from these animals at the time of clinical disease.

* Underlining indicates month when clinical disease was observed.
1 Animals not bled on these dates.

several years.'® The present survey demonstrated
that a fluctuating antibody response was also
common in naturally infected cattle in a VS NJ
virus enzootic area. The fluctuations in neutral-
izing antibody titers were drastic and did not
have a specific pattern that could be related to
the appearance of clinical disease. There are sev-
eral possible explanations for these antibody
fluctuations. It may be possible that cattle are
subjected to constant antigenic stimulation by
virus circulating in nature. This possibility is
supported by reports that both VS NJ virus and
VS IN virus have been found in arthropods.*'°-
2! Another source of antigenic stimulation could
be direct or indirect transmission from a mam-
malian reservoir. Neutralizing antibodies to VS
NJ virus are found in wild animals.?? Alterna-
tively, VS NJ virus may persist in the cattle and
occasionally be reactivated, causing clinical or
subclinical disease. The possibility of persistence
has been suggested by several authors.?*?° Both
mechanisms would provide means of intermit-
tent antigenic stimulation to the animal, result-
ing in a persistent, fluctuating antibody response.

Isolation of VS NJ virus from previously ser-
opositive cattle in the field showed that either
reinfection or reactivation of VS NJ virus occurs
under natural conditions. The serological history
of animals with clinical disease did not show any
specific serological trends, such as a drop in titer
prior to the onset of disease, as has been sug-

gested by other authors.?® Experimental inocu-
lation of animals with VS NJ virus has shown
that reinfection with the same virus is possible.!
Intramuscular vaccination with low titer VS NJ
virus has been reported to protect animals from
reinfection under field conditions; however, some
vaccinated animals were still susceptible to ex-
perimental challenge.?” This study documented
the occurrence of clinical disease in animals with
high neutralizing antibody titers under natural
enzootic conditions.

Susceptibility of seropositive animals might be
explained by 2 alternative mechanisms. First, it
is possible that animals are being reinfected by
viruses that are antigenically different from the
virus that caused the initial infection, as has been
shown to occur with influenza virus.?® We are
currently investigating the possibility of antigen-
ic variation by monoclonal antibody analysis and
sequencing of the glycoprotein gene of viruses
isolated from these 3 herds. Second, it is possible
that the immune response is simply not fully
protective against disease, and that cattle remain
susceptible despite a vigorous humoral response.
This is consistent with the susceptibility of cattle
vaccinated either with natural or recombinant
VS viral proteins.?®

The classical immune response to primary
challenge with a virus involves the production
of IgM followed by IgG. The IgM response is
generally of low titer and short lived. Upon sec-
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ondary infection, the predominant immunoglob-
ulin detected is IgG.?° The presence of IgM in
serum detected by MAC ELISA is commonly
used as an indicator of primary infection in many
human and animal diseases, including experi-
mental and natural infection with VS NJ vi-
rus.'6:2231.32 We attempted to use the presence of
VS NJ virus-specific IgM in serum samples to
discriminate between primary and secondary VS
NJ virus clinical or subclinical infections. All of
the animals with IgM responses were previously
seropositive with neutralizing antibodies to VS
NJ virus. In most, the IgM response was not
related to clinical disease, since most animals
with IgM responses either did not have clinical
disease or had clinical disease on a different date
than the IgM response.

Therefore, in the case of VS NJ virus, an IgM
response might not indicate primary infection
but rather an acute episode of antigenic stimu-
lation. If VS NJ virus is a persistent infection of
cattle, this type of IgM expression would be sim-
ilar to the IgM response seen in cytomegalovirus
infection where detection of IgM is indicative of
viral reactivation.?* In the rhabdoviruses, a
mechanism of viral persistence or latency has not
been described. The fact that the IgM responses
to VS NJ virus were not found more frequently
in clinical cases might be because the date of
bleeding often did not fall within 2 weeks of the
onset of clinical symptoms, possibly precluding
the detection of the short-lived IgM response.
However, at least 6 of 31 animals had IgM re-
sponses on consecutive occasions for periods of
up to 6 months. This suggested that the VS NJ
virus IgM response in naturally infected cattle in
enzootic regions was different from the IgM re-
sponse in experimentally infected cattle, in which
the IgM persisted for up to 30 days post-inocu-
lation and then diminished.'®

Another possible explanation for IgM re-
sponses detected in cattle is that VS NJ virus is
antigenically changing in nature and IgM re-
sponses are mounted to the “new.,” or “differ-
ent,” epitopes on the viral glycoprotein. Se-
quence analysis of the glycoprotein gene should
determine if nucleotide variation in the regions
coding for the neutralizing epitopes is occurring
in the field. It is also possible that the IgM re-
sponse detected was due to cross-reactions with
other serum proteins or immunoglobulin classes.
We do not believe this to be the case. The MAC
ELISA is a capture test that has been demon-
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strated to have a greater specificity than other
non-capture IgM ELISA tests.?* Its specificity for
VS NJ virus-specific IgM is clearly shown in Fig-
ure 3. To preclude nonspecific binding of IgG,
we used heavy chain-specific anti-IgM to capture
IgM antibodies, a monospecific mouse anti-VS
NJ virus glycoprotein antibody, and gradient
purified virus, making it very unlikely that we
were detecting cross-reactions. All dilutions of
these reagents were optimized using sera from
the experimentally inoculated calf(No. 001). With
these sera, we showed that VS NJ-specific IgM
was first detected 4-5 days after inoculation,
peaked at 15-20 days, and then diminished to
undetectable levels in 30-50 days (data not
shown). The neutralizing antibody titers and IgG
levels detected by ELISA on these same sera were
detectable 4-5 days post-inoculation and per-
sisted until the animal was killed at day 60 post-
inoculation (data not shown). This further sub-
stantiated the specificity of the MAC ELISA for
detecting VS NJ virus-specific IgM.

This study is one of the few prospective se-
rological studies carried out in an enzootic re-
gion. The most prevalent virus is VS NJ virus,
which was also the major cause of clinical dis-
ease. In most cases, the neutralizing antibody
response persisted at high titers throughout the
20 month survey period and was not protective
against clinical VS NJ virus. VS NJ virus-specific
IgM responses occurred in previously seroposi-
tive animals, and could not be used as indicators
of primary infection in enzootic regions.
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