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Management factors af1:ecting the risk for
vesic:ular stomatitis in li'vestock operations

in the western Ull1ited States
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been reported in New Jersey and Wisconsin.'" In the
199Qs, 3 outbreaks of VS were reported, all in the
southwestern United States. In 1995, infected animals
were detected on 367 premises in New Mexico,
Arizona, Colorado, Utah, Texas, and Wyoming.s In
1997, 556 premises with infected livestock were
report~d in those same states, excluding Texas and
Wyoming.6 In 1998, 130 positive premises were report-
ed in New Mexico, Arizona, Colorado, and Texas.7

Clinical signs of VS are associated with infection
by the VS virus (VSV), of the family Rhabdoviridae.
There are 2 serotypes found in the United States. In
1995, the New Jersey serotype was isolated from clini-
cally affected animals. In 1997 and 1998, New Jersey
and Indiana serotypes were isolated from clinically
affected animals. In horses, clinical signs include vesi-
cles and ulcers in the oral cavity, on the teats, and at the
coronary band. Salivation, anorexia, and weight loss
are seen secondary to oral lesions. Lameness secondary
to coronary band lesions can be quite severe in horses,
which may rarely lead to sloughing of the hoof." In cat-
tle, oral, teat, and foot lesions are indistinguishable
from lesions caused by foot-and-mouth disease.
Vesicular stomatitis is currently a List-A reportable dis-
ease according to the Office of International
Epizootics. Therefore, suspect livestock must be inves-
tigated and the disease definitively diagnosed by state
and federal animal health officials. Nonaffected states
often place an embargo on states with infected animals.
In the United States, outbreaks severely hamper inter-
national and domestic movement of animals.s

The routes of VSV transmission and means of dis-
ease prevention are not clearly defined. Questions
remain about the role biting insects play in transmis-
sion, animal hosts that are able to infect insects, reser-
voir hosts, the role animal movement plays in trans-
mission, and methods that livestock owners can use
to prevent infection. The objective of the study
reported here was to identify farm-level management
factors that might affect the risk of clinical disease,
using field data collected during the course of an out-
break.

Materials and Methods
Data were collected during the VS outbreak of 1997.

Owners with animals suspected of having VS typically con-
tacted their veterinarian, who referred the information to the
USDA-Animal and Plant Health Inspection Service
(APHIS). A veterinary medical officer trained in diagnosis of
foreign animal diseases visited the premises to collect diag-
nostic samples and complete a supplemental epidemiologic
questionnaire. Because of time constraints, the supplemental
questionnaire was not completed for all premises investigat-
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Objective-To identify management factors affecting I

the risk of animals developing vesicular stomatitis (VS).

Design-Case-control study.
Animals-Horses, cattle, and sheep with suspected
vesicular stomatitis on 395 premises in Colorado,
New Mexico, Utah, and Arizona.

Procedure-Data were collected during the VS out-
break of 1997. Diagnosticians interviewed livestock
owners and completed a supplemental questionnaire.
Cases were defined as those premises that had a
completed questionnaire and had ~ 1 animal positive
for VS. Control premises were all premises investi-
gated that had a completed questionnaire and on
which the animals had been tested but VS was not

2) detected.
u. Results-Animals that had access to a shelter or barn

~ had a reduced risk of developing VS (OR, 0.6; 95%
~ confidence interval [CI], 0.35 to 0.99). This effect was

~ more pronounced for equine premises (OR, 0.5; 95%
6 CI, 0.3 to 0.9). Conversely, during an adjusted analysis
.~ on equine premises, risk of developing disease was
C) in~reased slightly where animals had access to pas-

« ture (OR, 2.01; 95% CI, 1.1 to 3.7). On all premises
-where owners reported insect populations were
0 greater than normal, odds of developing disease were

~ ~ signif!cantly .incre~sed (OR, 2.5; 95% CI, .1.47 to 4.47).
Q) (/) Premises with anlma1s housed < 0.25 miles from run-

E::J ning water were more than twice as likely to have clin-
t"'Cij ical signs of VS (OR, 2.6; 95% CI, 1.32 to 5.0).

~ :§ Conclusions and Clinical Relevance-These results
Q) =: support reports of others that suggest biting insects

C a are a vector in VS virus transmission. Management
practices to reduce exposure to biting insects might
reduce the risk of VS. (J Am Vet Med Assoc 1999;
215:1263-1268)
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use, ard time of day shelters were used. Shelter type
described whether the facility had only a roof, was partially
enclosed (2 or 3 walls), fully enclosed, or fully enclosed with
screened windows. Reported daily number of hours of shel-
ter use was categorized into 5 classes (0 = 0 hid, 1 = 1 to 6
hid, 2 = 7 to 12 hid, 3 = 13 to 19 hid, 4 = 20 to 24 hid). A
pasture index was created in a similar manner. Effect of these
shelter details on VS risk was evaluated, using a separate
logistic regression model.

A final logistic regression model, considering all poten-
tial variables, was iteratively defined after the aforemen-
tioned steps provided an indication of important variables
and interactions. Variables significant at P < 0.2 were consid-
ered for inclusion in the final model. Variables were added to
or removed from the model by assessing the impact of that
variable on model deviance, using the likelihood ratio test."
The final regression model reflected those risk factors that
affected the prevalence of clinical signs of V5 along with
other factors tgat also influenced risk or confounded results.

ed. The questionnaire was usually completed during the first
visit, before a diagnosis of VS had been confirmed. A stan-
dardized questionnaire was used; this questionnaire had been
refined after use in a telephone survey during the 1995 VS
outbreak.9

The study was a prospective case-control design.lo Case
and control premises were included prospectively through-
out the course of the outbreak as definitive diagnoses became
available. Case premises were defined as those premises with
livestock that were positive for VS, on the basis of the APHIS
case definition and completed questionnaire. The APHIS case
definition was clinical signs consistent with VSin combina-
tion with positive results on serologic testing or VS isolated
during virus isolation procedures. Control premises were all
premises with a completed questionnaire on which the ani-
mals had been examined and tests conducted (serologic or
examination of tissue biopsy specimens), but evidence of
VSV infection was not detected. The species designation on
premises was made by the APHIS veterinary medical officer,
usually on the basis of the initial animal with clinical signs.
For example, an equine premises was one on which the ini-
tial affected animal was a horse, even if the majority of ani-
mals on that premises were cattle. The distance from running
and standing water was estimated by the owner and the
APHIS veterinary medical officer, some of which drew a map
of each premises to indicate location of barns and water
sources. Running water was defined as streams, rivers, or
irrigation ditches and canals. All supplemental question-
naires were forwarded through the emergency disease
response system to the authors. Authors edited each ques-
tionnaire for completeness, consistency, and internal validity.
Unclear items were referred back to the investigating APHIS
veterinary medical officer for clarification.

Analysis of data was conducted, using statistical soft-
ware programs.',b Only questionnaires from the 4 states
(Colorado, New Mexico, Utah, Arizona) that contained VS-
positive animals were included for analysis. Analysis consist-
ed of calculating odds ratios (OR) from a 2-by-2 table, strat-
ified analysis to detect interaction and adjust for confound-
ing, and stepwise logistic regression to adjust for confound-
ing. The OR provides an intuitive comparison of the relative
difference in risk for premises exposed or not exposed to a
particular management practice, II An OR of approximately

1.0 indicates that there is not a difference in the risk of dis-
ease for premises on the basis of the factor being tested. Odds
ratios of> 1,0 or < 1.0 suggest the factor increases or decreas-
es, respectively, the chance of disease, The inverse of an OR
< 1.0 will describe the increase in risk attributable to remov-
ing that protective factor (ie, the value of that factor for
reducing disease risk), The 95% confidence interval (CI) for
each OR was calculated by use of maximum likelihood esti-
mates.!' Confidence intervals provide more information
about the direction of risk and the uncertainty than simply
presenting the P value of significance testing. If the 95% CI
does not include 1.0, the results can be interpreted as being
significantly different at P < 0.05.!3

The adjusted OR was calculated during stratified analy-
sis. Adjusted OR reflect the risk of disease from an exposure
while simultaneously adjusting for the modifying effects of a
confounding variable, Additionally, stratified analysis for
interaction (effect modification) involved determining
whether the OR for a variable changed markedly when ana-
lyzed between 2 strata of another variable. This change in the
OR was statistically evaluated by use of a X' test.I4

Analysis of results of a telephone survey suggested that
a shelter or barn has a role in reducing the risk of clinical
signs of VS.9 Therefore, the 1997 survey included multiple
questions about details of shelters and their use. Data were
collected on shelter type, pasture use, number of hours of

Results
During 1997, 556 premises in Colorado, New

Mexico, Arizona, and Utah were investigated because
of animals suspected of having VS. An interview to
complete the supplemental questionnaire was con-
ducted for 395 (71 %) of those premises. Therefore, the
data represented a subset of all premises investigated.
The percentage of the 556 premises investigated and
the percentage of 395 premises on which an interview
was conducted for Colorado, New Mexico, Arizona,
and Utah were 66.9 and 74.4, 18.7 and 15.2,4.9 and
1.0, and 9.5 and 9.4%, respectively. Within each state,
there was not a difference between the percentage of
premises investigated and the percentage on which an
interview was conducted. The number of case and con-
trol premises on which an interview was conducted
was as follows: Colorado, 238 and 56; New Mexico, 41
and 19; Arizona, 1 and 3; and Utah, 34 and 3. Of all
premises investigated, 505 of 556 (91%) were identi-
fied as equine, 39 of 556 (7%) as bovine, and the
remainder as ovine. For those on which an interview
was conducted, the distribution was 359 of 395 (91%)
for equine, 26 of 395 (7%) for bovine, and 2 of 395
(0.5%) for ovine. Of the 359 equine premises, 297
($3%) were case premises and 62 (17%) were control
premises. Of the 26 bovine premises, 12 (46%) were
case premises and 14 (54%) were control premises.
Distribution of case and control premises was similar
for the study and the outbreak. Of the 556 premises
investigated during the outbreak, 380 (68.3%) were
eventually identified as VS positive, whereas 176
(31.7%) were not confirmed as VS positive. Of those
on which an interview was conducted that were
included in the final dataset, 314 (79.5%) were case
premises and 81 (20.5%) were control premises.

Number of animals in a herd tended to be relative-
ly small. For all species, herds ranged from 1 to 500
animals; 58 premises did not report number of animals
in the herd. On equine premises, the range was 1 to
200 horses. For all species, 253 of 337 (75%) of all
premises reported having ~ 10 animals, and 300 (89%)
reported having ~ 25 animals.

Most premises (371/395, 93.9%) reported only a
single animal suspected of having VS, although most
(304; 76.9%) had> 1 animal on the premises. Only 22
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of 395 (5.6%) owners reported having animals with
clinical signs of VS in previous years. Analysis revealed
that those premises did not have an increased risk of
VS during 1997. Interestingly, a few of those owners
reported animals that had clinical signs of VS in years
when there was not an outbreak reported to animal
health officials.

Multiple management factors were tested but did
not have an effect on the risk of premises being positive
for VS. Factors evaluated included state, livestock move-
ment (including introduction of new animals), proxim-
ity to other livestock, insect control procedures, vehicle
traffic on and off the farm, visits by livestock profession-
als, interactions with wildlife, rodent populations, feed
types or quality, and sources of drinking water.

In this study, 5 factors were associated with the
risk of animals on a premises having clinical signs of
VS (Table 1). Providing animals access to a shelter or
barn resulted in a significant reduction of risk (OR,
0.6; 95% CI, 0.35 to 0.99). For those premises report-
ing that animals had access to shelter, mean amount of
access time was 11 hours. Mean access time did not
differ significantly between case and control premises
(10.9 and 11.4 hours, respectively). When owners
reported an increase in populations of biting insects,
compared to populations for previous years, the risk of
disease was significantly increased (OR, 2.5; 95% CI,
1.47 to 4.47). Maintaining animals < 0.25 miles from
running water significantly increased the risk of dis-
ease (OR, 2.6; 95% CI, 1.32 to 5.0). Of 314 case
premises, 297 (94.6%) were equine premises.
Comparatively, 62 of 81 (76.5%) control premises were
equine premises. The resulting OR of disease for
equine premises was 5.3 (95% CI, 2.47 to 11.59).
Access to pasture slightly increased the risk of a
premises having positive animals (OR, 1.7; 95% CI,
0.94 to 2.93).

When the aforementioned factors were analyzed
for only the 359 equine premises, the results changed
slightly (Table 2). Providing access to shelter was asso-
ciated with slightly more protection (OR, 0.5; 95% CI,
0.3 to 0.9). The association with populations of biting
insects was slightly weaker but still significant (OR,
2.0; 95% CI, 1.1 to 3.7). Maintaining animals < 0.25
miles from running water was still associated with an
increased risk (OR, 2.5; 95% CI, 1.2 to 5.3).
Additionally, 2 factors that were not significant in the
previous analysis became significant. Maintaining ani-
mals < 0.25 miles from standing water was associated
with a slightly increased risk (OR, 2.1; 95% CI, 1.05 to
4.2); similarly, the OR for housing animals in a pasture

Table 1-Factors associated with a change in the odds ratio (risk)
es, on the basis of an unadjusted 2-by-2 analysis
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increased to 2.01 (95% CI, 1.07 to 3.71). Ninety-four
(26%) of the equine premises reported that animals did
not have access to pasture; animals on those premises
were housed in barns or drylots.

Results of the stratified analysis were determined
(Table 2), including results for main-effect variables,
OR within strata (with and without a potential con-
founding variable), and adjusted OR, which is the over-
all risk adjusted for the confounding variable. As men-
tioned previously for the equine-only analysis, the OR
of providing access to a shelter for an equine premises
was 0.5, but the OR of providing access to a shelter for
nonequine premises was 1.2 and not significant.
Adjusted OR for providing access to a shelter was 0.6,
which is a summary of the protective effect of shelter
for equine and nonequine premises. Some of the OR did
change noticeably when analyzed between strata.
However, X2 analysis of these differences did not reveal
significant evidence of an interaction. The risk of main-
taining animals < 0.25 miles from running water
increased (OR, 3.1) when animals were not provided
access to shelter; the risk was less (OR, 2.0) for those
premises that provided access to shelter. The adjusted
OR for maintaining animals < 0.25 miles from running
water across those 2 strata was 2.4. For animals with
access to pasture, the risk associated with being main-
tained < 0.25 miles from running water was 3.5, but the
risk was only 1.2 for those without access to pasture.
The effect of an observed increase in insect populations
was stronger for those premises not providing access to
shelter (OR, 3.9) than for those providing access to
shelter (OR, 2.0). The risk associated with increased
insect populations was 2.9 for those premises with ani-
mals maintained < 0.25 miles from running water. For
those premises with animals ~ 0.25 from running water,
the risk associated with increased populations of insects
was 1.9. The risk from increased populations of insects
was higher on those premises that provided animals
with access to pasture (OR, 3.0), compared with those
that did not provide access to pasture (OR, 1.6).

The logistic regression model for details of shelter
use revealed that only amount of time in the shelter
affected the risk of clinical signs of VS. The OR for the
categoric variable of amount of time spent in the shel-
ter was 0.78. This result means that for every unit
increase on the categoric scale, risk was reduced by
30% (ie, 1 divided by 0.78). Thus, a change in use from
zero to ~ 20 hid would decrease the risk by half (OR,
0.51). As mathematically expected, this OR is similar
to the OR of 0.6 that was determined for access to shel-
ter, using the 2-by-2 table.

of animals haviog clinical signs of vesicular stomatitis on a premis-



Table 2-0dds ratios (95% confidence intervals) for factors (main-effect variables) affecting risk of having clinical signs of vesicular
stomatitis, stratified on the basis of potential confounding variables

The final multivariate logistic model included 5
variables. Those variables and the estimated OR and
regression coefficient (r) for each variable were as fol-
lows: equine premises [OR, 5.13'; Y, 1.63], maintained <
0.25 miles from running water [OR, 3.1'; r, 1.13],
increased populations of biting insects [OR, 2.26'; Y,
0.81], providing access to shelter [OR, 0.59; Y, -0.52]
and providing access to pasture [OR, 1.41; Y, 0.34).
Analysis of these results suggests that, after the species
effect, association with running water is the strongest
factor, even when adjusted for confounders. Although
not significant, the variables of providing access to shel-
ter and access to pasture were included in the model
because they significantly affected the deviance of the
model, based on the likelihood ratio test.

The multivariate model measured the overall effect
of multiple factors on risk. It can be used to assess the
impact on risk of changing management factors. For
example, comparing an equine premises that maintained
animals on pasture, near running water, and without
shelter with a premises that did not allow animals access
to pasture, housed them ~ 0.25 miles from running
water, and provided them with shelter revealed that the
overall risk of VS is sevenfold greater for the former
premises than the latter. When comparing a premises
where animals have access to shelter, do not have access
to pasture, and are < 0.25 miles from running water with
a premises that has similar housing but is ~ 0.25 miles
from running water, the risk is twofold higher for the
former. These estimated OR were calculated by raising a
constant (e) to the power of the combined regression
coefficients for those variables being compared.14

ing animals with clinical signs of VS. These factors are
consistent with other findings suggesting a role for
hematophagous insects in the epidemiologic aspects of
VS. Vesicular stomatitis virus has been isolated from
Culicoides spp and Simulium spp during multiple VS
outbreaks in the western United States. 17-19 These 2 gen-

era of biting insects are common in the western United
States and can inflict thousands of bites per hour on
livestock.d Black flies (Simulium sp; buffalo gnat), have
been termed the scourge of the west. Additionally, mul-
tiplication of VSV in Simulium spp has been docu-
mented.2O The VSV also infects Culicoides sonorensis.
Experimentally infected C sonorensis have transmitted
VSV to guinea pigs and calves.21

The protective role of shelter and converse impact
of pasture exposure on risk for VS has been suggested
by other researchers.9,n,23 Additionally, other diseases
transmitted by Culicoides spp and Simulium spp are
prevented by providing shelter. For example, providing
shade has been recommended to reduce the risk of
infection from bluetongue virus.24 Bluetongue is trans-
mitted by C sonorenis in the western United States.25
The protective role of shelter has been determined for
onchocercosis in Africa. Onchocercosis is a filarial dis-
ease of humans carried by a black fly of the genus
Simuliidae.26 Prevalence rates increase as children get
older and spend more time in the fields away from
man-made shelters. That finding supports our results,
suggesting a protective effect of man-made shelters for
reducing risk of VS. Additionally, river workers have
the highest prevalence of onchocercosis. This finding
supports our results, which revealed a risk associated
with proximity to water.

Outbreaks of VS in the western United States con-
sistently follow major waterways northward during the
summer.5 This observation might suggest that rivers
are a pathway or a risk factor for VS. Although most

Discussion
Distance from running water (? 0.25 miles), access

to shelter, and an increase in insect populations were
identified as factors affecting the risk of a premises hav-
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by equine owners and enhanced susceptibility of
equidae to VS. These data were collected from clinical
manifestations of animals suspected of having VS.
Horse owners may be more likely to correctly diagnosis
and report VS. They generally see and handle their ani-
mals more frequently and are believed to be more like-
ly to call a veterinarian than owners of other species.
Field investigators and the investigation data support
this observation. Of the 359 investigations of equine
premises in the study; 297 (82.7%) were eventually
identified as having VS-positive animals, whereas only
17 of 36 (47.2%) of the bovine premises were eventual-
ly identified as case premises. In other words, cattle
owners apparently were more likely to misdiagnose and
report false-positive animals. This diagnostic bias
would result in a specific species (ie, equine) appearing
to increase the risk of VS. Secondly, it is possible that
horses are more susceptible to developing clinical dis-
ease or VSV infection. Further research is needed to
address this latter hypothesis. Regardless of the cause,
the species variable must be included as a confounder
in the stratified and multivariate analysis for the afore-
mentioned factors such as shelter use. However, we
cannot, at this point, suggest that horses are more like-
ly than other animals to contract or transmit VSV:

Analysis of the results of this study provide associ-
ations between some general management factors and
clinically observable VS. These results may provide
livestock owners a means for reducing risk of VS dur-
ing an outbreak. Providing shelter or restraining ani-
mals in a barn may be helpful, especially during morn-
ing and evening hours, because Culicoides spp and
Simulium spp feed during early morning and evening
hours.25 Insecticide use was not identified as an impor-
tant variable in this dataset. There were multiple trade
names reported, and we could not always identify the
active ingredient. However, insecticide use should be
considered in light of other evidence.

Further research is needed to understand the abil-
ity of hematophagus insects to obtain and transmit
VSV to mammals. Better understanding of the insect
species involved will improve methods of vector con-
trol. Results of this analysis did little to suggest a reser-
voir host or a source of the VSV in the western United
States. Research is also needed to understand the
pathogenesis and determine whether horses are more
susceptible to infection than cattle.

'EPIINFO, version 6.0, USD Inc, Stone Mountain, Ga.
'STATISTIX, version 4.1, Analytical Software, Tallahassee, Fla.
'OR has 95% confidence interval that does not include 1.0 (ie, sig-

nificant at P < 0.05).
'Dr. W. Tabachnick, Anhropod Borne Animal Disease Laboratory,

USDA, Laramie, Wyoming: Personal communication, July 1997.
'Dr. Jerry Freier, Centers for Epidemiology and Animal Health,

USDA, Fort Collins, Colorado: Personal communication, May
1998.

livestock owners also inhabit these areas, our results
support the association of disease with close proximity
to running water. Preliminary geographic information
system analysis of the 1995 VS outbreak also suggest-
ed an association of disease with irrigation canals.' The
association with water could be explained by the
observation that black flies (Simulium spp) often lay
their eggs on long grass hanging in the fast moving
water of irrigation ditches.d

The biological importance of a reported increase in
insect populations requires further study. Owners were
asked whether the populations seemed above normal
for the time of the year. Owners on case premises
might have been more likely to recall high insect pop-
ulations than owners on noncase premises, creating a
recall bias; however, the diagnosis was not known at
the time of owner interview. Equine owners did cor-
rectly diagnose VS on 83% of the premises, so in effect,
the diagnosis was known on a majority of premises.
The possibility of recall bias cannot be ruled out.
However, the biological effect of an increased popula-
tion of insects as a risk factor is supported by results of
the stratified analysis. The OR for increased insect pop-
ulations was higher for those premises not providing
shelter (3.93) than for those that did provide shelter
(2.01). In addition, increased populations of insects
had more effect on those premises with animals < 0.25
miles from running water (OR, 2.96), compared with
those?: 0.25 miles form running water (OR, 1.93). It is
unlikely that there would have been recall bias simul-
taneously for multiple variables.

The 395 premises for which a questionnaire was
completed seemed to -closely represent all premises
investigated during 1997 for animals suspected of hav-
ing VS. By comparing the distribution for each state
and species, it is evident that the sample data represent
the distribution of the outbreak. However, we did not
have a means of assessing whether investigated premis-
es accurately represented all premises with VS-positive
animals or whether our results applied to those premis-
es that did not report clinical signs of VS. We can gen-
eralize our results to those at-risk premises where own-
ers were able to recognize clinical signs of VS and will-
ingly reported to veterinary officials.

Analysis of the distribution indicates that mostly
smaller farms were involved in the study and the out-
break. It is possible that VS was not reported in large
beef cattle herds, because these herds were on moun-
tain summer pastures and were 'not intensively
observed. Cattle in these herds are still susceptible to
VS, as evidenced by a 1995 outbreak in herds of a large
grazing association:7

Housing on an equine premises likely differs from
that on a bovine premises, although the owners may
have answered the questionnaire the same. We dealt
with this confounding by use of stratified and multi-
variate analysis to determine resulting risk for various
combinations of main effect and confounding vari-
ables. Such analyses can be used to describe, in detail,
various management combinations.

The reason for a relatively high risk for equine
premises (OR, 5.3) was not clear. In this dataset, 2 pos-
sibilities existed: diagnostic bias for clinical signs of VS
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