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Mycobacterium bovis, the causative agent of bovine 
tuberculosis, was an important cause of illness in 

humans in the United States until the first part of the 
20th century. In 1917, the United States introduced a 
cooperative state-federal program to eradicate bovine 
tuberculosis from cattle through testing and restrictions 
on movement of cattle from herds with positive test re-
sults.1 By the 1970s, bovine tuberculosis was uncom-
monly reported in much of the US cattle population, 
and every state had achieved tuberculosis-free status by 
the 1990s. Similar programs have been introduced in 
many other countries, which makes bovine tuberculo-
sis a rare disease for both cattle and humans in many  
parts of the world.

However, it is erroneous to assume that M bovis is 
no longer a pathogen of concern. By establishing in-
fections in wildlife and cattle populations, M bovis has 
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staged a comeback in several parts of the world, includ-
ing the United Kingdom, New Zealand, and the United 
States.2 In each location, the epidemiological aspects of 
the disease differs, which indicates the ability of M bovis 
to survive and cause infection in a variety of species.  

In parts of Michigan, the white-tailed deer (Odocoi-
leus virginianus) population is infected with M bovis and 
apparently serves as a maintenance host for the organ-
ism.3 It has been hypothesized that the provision of 
supplemental feed and increases in deer densities con-
tribute to the spread of infection through the deer pop-
ulation4; 1 study5 revealed that M bovis can be effective-
ly transmitted between deer through shared feeds. In 
several studies,6–8 investigators found that M bovis can 
survive while suspended in manure for 1 to 7 months in 
a number of environmental conditions, although per-
sistence increases when the bacilli are protected from 
sunlight and kept at lower temperatures. Several types 
of feedstuffs (apples, corn, carrots, sugar beets, pota-
toes, and hay) are able to harbor viable bacteria for up 
to 112 days; bacteria stored in colder temperatures had 
the longest survival times.9 

In 2005, tuberculous lesions were identified at 
slaughter in a cow from Minnesota. The subsequent 
epidemiological investigation resulted in depopulation 
of 12 infected herds, all of which were located in north-
western Minnesota. Epidemiological investigations of 
cattle movements identified movement of cattle be-
tween farms for most of the infected herds, although 
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2 farms were not connected by verified movements of 
cattle. Infected deer have been found within 3.2 km of 
both those farms.a Surveillance of free-ranging white-
tailed deer has identified test-positive deer in the area 
of the infected cattle herds, with recent estimates for 
the apparent prevalence of 0.33% in a small clustered 
area around the locations of the infected herds.10 One 
hypothesis is that cattle were the initial source of in-
fection in this outbreak in Minnesota; cattle movement 
then led to spread of infection to other herds of cattle, 
and the disease spilled over into a small percentage of 
the free-ranging deer, which may have in turn been a 
source of infection for some cattle herds. 

An eradication program for bovine tuberculosis in 
both cattle and deer populations has been implemented 
in Minnesota. Eradication of M bovis in identified in-
fected cattle and deer populations has been rapid and 
aggressive, with expanded disease surveillance, remov-
al of all cattle in infected herds, bans on feeding of deer, 
and reduction of the deer population through public 
hunting and selective culling via the use of sharpshoot-
ers. Mitigations for disease transmission include a ban 
on feeding of deer and elk as well as use of deer-proof 
fencing for cattle farms located in the area where in-
fected deer and cattle have been identified.

A strategy for minimizing contact between cattle 
and deer to eliminate potential transmission of M bo-
vis between species is considered important for disease 
control. This strategy depends on understanding trans-
mission pathways between affected species and identi-
fying high-risk interspecies interactions on cattle farms. 
Specifically for the area of interest (northwestern Min-
nesota), the following 4 factors are unknown: type or 
types of feed storage on cattle operations, frequency of 
deer damage to stored feeds, location of cattle herds in 
proximity to deer populations, and time of year deer are 
most commonly present on a farm. We hypothesized 
that the burden of deer-cattle interactions would not 
be evenly dispersed among cattle farms. This may be 
attributable to a number of factors, including feed man-
agement, cattle housing, and land type around a farm-
ing operation. The purpose of the study reported here 
was to characterize the risk of interactions between 
cattle and white-tailed deer in northwestern Minnesota 
by use of a semiquantitative on-farm assessment tool.

Materials and Methods

Sample—Dairy and beef farms located in north-
western Minnesota were eligible for inclusion in the 
on-farm  risk assessment. Inclusion criteria were that 
a farm had a minimum of 20 cattle and was located in 
northwestern Minnesota proximate to the area where 
bovine tuberculosis was diagnosed but outside of a core 
area where farm deer-cattle assessments and mitigations 
(such as deer removal and use of deer fencing) had al-
ready been performed as part of the state’s response ef-
forts (Figure 1). Estimating that the mean ± SD preva-
lence of deer damage to feed on farms was 20 ± 10%,11 
the goal sample size was set at 61 farms on the basis of 
results of a survey12 of Minnesota dairy farms for which 
23% to 26% of respondents indicated deer-cattle inter-
actions on a regular basis. Postal codes of towns and 
areas adjacent to the core area were used to define the 

research area. Names and addresses of dairy and beef 
producers were accessed from multiple sources, includ-
ing lists of cattle farms participating in cooperative ex-
tension educational programs and state disease control 
programs. A recruitment letter and postage-paid re-
sponse card were mailed to producers of eligible farms 
to inform them about the study and  request that they 
express their interest in participating by returning the 
postage-paid card. A farm visit was scheduled with pro-
ducers who expressed a willingness to participate and 
whose farm met the inclusion criteria.

Development of a wildlife-interface risk assess-
ment tool for use in Minnesota—A qualitative sur-
vey was developed by USDA APHIS Wildlife Services 
personnel in Michigan.b That survey was modified for 
use in Minnesota by introduction of a scoring method 
to evaluate the areas of highest risk for potential deer- 
cattle interactions. This type of quantitative on-farm 
risk assessment tool has been used to evaluate cattle 
herds for transmission risk of paratuberculosis (Johne’s 
disease) caused by Mycobacterium avium subsp para-
tuberculosis.13 The on-farm assessment tool was devel-
oped with the intent to evaluate dairy farms and beef 
operations in winter, which is a time when producers 
in this region typically use stored feeds and house cattle 
more intensively and deer may be more motivated to 
come to farms in search of feed sources. 

To assign scores for potential deer-cattle inter-
actions, 4 categories of evaluation were used: feed 
storage, feeding practices, cattle housing, and water 
management. Once the management areas and items 
for risk scoring were identified, available literature 
and subject matter experts were consulted to deter-
mine the maximum score each item should receive. 
The greater the risk a particular item had for poten-
tial deer-cattle interactions, the higher the maximum 
risk score. As a result, 18 items were scored in the 
on-farm assessment tool. The maximum possible to-
tal risk score for a farm was 180 (feed storage, 75 
possible points; feeding practices, 75 possible points; 
cattle housing, 15 possible points; and water man-
agement, 15 possible points). 

For the feed storage category, separate scores were 
assigned for all feeds on the farm on the basis of the 
type of storage used and ease with which deer could ac-
cess the stored feed. Hay was scored on the basis of the 
relative content of alfalfa (second- or third-cutting hay) 
or grass (first-cutting hay). For feeding practices, cattle 
housing, and water management, a separate score was 
assigned for each of 3 separately housed groups of cattle 
(adult cattle, yearlings, and calves) on the farm. Scores 
were assigned on the basis of location of the feeding 
site, housing, or water source and ease with which deer 
could access them. Additionally, scores were assigned 
for the rapidity of feed consumption by the cattle and 
location where minerals were provided to cattle. Scor-
ing guidelines were created with suggested score ranges 
for various management practices (Appendix). 

In addition to quantitative scores, the on-farm as-
sessment included qualitative questions regarding herd 
demographics and presence of deer on the farm. These 
questions were asked during the on-farm assessment 
and included closed-ended or numeric questions re-
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garding type and number of cattle on the farm, number 
of cattle purchased within the past year and the source 
or sources of those cattle, number of fence-line contacts 
with other cattle herds, approximate percentage of vari-
ous land types within a 1.6-km  radius around the main 
farm operation, deer damage to stored feed within the 
past 12 months, whether congregations of > 10 deer 
were seen around feed during winter months, whether 
hunting was allowed or dogs were used on the prem-
ises, and type of fencing used. Land types were classi-
fied as deer cover if they consisted of woods, swamp, 
or Conservation Reserve Program land, as opposed to 
open pasture or cropland. 

On-farm risk assessment—Two evaluators (BMK 
and PCW) completed all deer-cattle risk assessments. 
When visiting a farm, each evaluator separately re-
viewed all management areas on the farm, performed 
a risk assessment, and assigned scores. As much as 
possible, all sources of feed and all cattle groups on a 
farm were directly observed by the evaluators. Special 
attention was given to visible evidence of deer or deer 
activity around the management areas, and characteris-
tic signs of deer (hair, tracks, urine, and fecal material) 
were recorded. Evidence of deer damage to stored feeds 
was assessed by the evaluators at the time of the visit, 
and the particular kinds of feed damaged were record-
ed. Feeds were classified as having deer damage when 
characteristic signs of deer were observed in concert 
with obvious signs of feed consumption by the deer (eg, 
nose holes in bales of hay and feces of deer on silage or 
beet pulp piles) or by directly observing deer feeding 
from feed stores during the visit. A farm was classified 
as having had deer damage to feeds on the basis of di-
rect observation made by the evaluators at the time of 
the visit or on the basis of a report from the farm man-
ager that there had been deer damage to feeds within 
the past 12 months. Management areas were scored on 
the basis of the potential for deer-cattle interactions via 
the aforementioned criteria. Once risk scores for a farm 

were recorded, the evaluators devised a herd manage-
ment plan on the basis of the management areas that 
had the highest scores and had the greatest risk for the 
herd. 

Data analysis—Farm assessment data were re-
corded into a computerized spreadsheet,c and statistical 
tests were performed by use of a commercial statistical 
program.d Qualitative questions, quantitative scores, 
and herd management recommendations were summa-
rized via descriptive analysis and reported as simple fre-
quencies. Between-observer variability for risk scores 
was evaluated by use of the Spearman correlation. Sig-
nificance for tests was set at values of  P < 0.05.

By use of univariate analyses, question responses 
and risk scores were compared (use of t tests for contin-
uous variables and χ2 analysis for binomial variables) 
between farms with deer damage to stored feeds and 
farms with no reported deer damage to stored feeds. A 
multivariate logistic regression model was created to 
predict the probability of a farm having deer damage 
to stored feeds. Risk assessment variables found to be 
significantly (P < 0.05) associated with deer damage via 
univariate analyses were included in the logistic regres-
sion model by use of a backward stepwise elimination 
procedure. Independent variables were assessed for in-
teraction. Goodness of fit was assessed by use of the 
Hosmer-Lemeshow χ2 test statistic.14

Results

Sample—Of 857 producers contacted by recruit-
ment letter, 191 (22%) responses were received. Sixty-
four (7%) producers agreed to participate, and 127 
(15%) declined participation in the study. For the 64 
producers who indicated an interest in participating, 
9 farms were omitted because there were < 20 cattle/
farm, and a risk assessment was not completed for 2 
additional farms; thus, there were 53 (6%) farms with 
completed risk assessments.

On-farm risk assessments were con-
ducted during January and March of 2008. 
Farms were located in Beltrami, Kittson, 
Marshall, Pennington, and Roseau coun-
ties. The study area was approximately 
112 km (north to south dimension) by 
64 km (east to west dimension), and it 
included farms within the tuberculosis 
management zone but not in the core 
area (Figure 1). Fifty-one (96%) farms 
visited were beef cow-calf operations, 1 
(2%) was a dairy farm, and 1 (2%) was a 
farm that raised dairy replacement calves. 
Of the farms with adult cattle, there was 
a mean of 73 adult cattle/farm (range, 
20 to 250 cattle/farm), whereas the farm 
that raised dairy replacement calves had 
80 calves and no adults at the time of the 
visit. Eleven producers had > 100 cows/
farm. There was a mean of 34 yearlings 
and calves/farm. 

For 14 (26%) farms, there was fence-
line contact with at least 1 adjacent herd 
(mean, 1.3 herds). No cattle had been in-

Figure 1—Map of the study area for the 53 farms on which deer-cattle interactions 
were assessed. TB = Tuberculosis.  
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troduced within the past 36 months on 5 (9%) farms. 
For the 48 farms that had introduced cattle within the 
past 36 months, a combination of known and unknown 
cattle sources was used, with 17 (35%) farms obtaining 
cattle from unknown sources (auctions and sales barns) 
and 36 (75%) farms obtaining cattle from known sourc-
es. The mean proportion of mature cattle introduced to 
each farm within the past 36 months was 24%.

Investigators observed that 50 of 53 (94%) farms 
had adequate cover for deer to inhabit the area imme-
diately surrounding each farm. Producers were asked 
to describe the land types around the main farm opera-
tion within a radius of approximately 1.6 km. For 10 
of 53 (19%) farms, < 20% of the land that surrounded 
each farm consisted of a combination of woods, swamp, 
or Conservation Reserve Program land (the combina-
tion hereafter referred to as deer cover). There were 
23 (43%) farms that had between 20% and 50% of the 
surrounding land as deer cover and 20 (38%) farms 
that had > 50% of the surrounding land as deer cover. 
Twenty-seven of 53 (51%) farms had deer damage to 

stored feeds, as reported by the producer; the damage 
was verified by observations made at the time of the vis-
it for 23 of the 27 (85%) farms. For those 27 farms, the 
deer damage to stored feeds was classified as severe for 
11 (41%), mild-moderate for 8 (30%), and mild for 8 
(30%). Deer were seen throughout the year on 11 of 53 
(21%) farms, whereas deer were seen primarily during 
fall on 11 (21%) farms,  during the winter on 6 (11%) 
farms, and over a combination of seasons on 25 (47%) 
farms. On 33 (62%) farms, producers reported seeing 
congregations of > 10 deer at a time on the farm during 
winter, and 48 (91%) farms allowed deer hunting on farm 
premises. A dog was located outdoors on the premises of 
32 (60%) farms. For 26 (49%) farms, producers indicated 
that neighbors fed the deer or left field crops or feed plots 
for the deer. Although a variety of fencing materials was 
used on farms, all fences were < 3.3 m in height, except 
for fences on 2 (4%) farms that had 3.3-m-high fences sur-
rounding a feed storage area. 

All farms visited fed alfalfa (second- or third-cutting 
hay), grass (first-cutting hay), or a mixture of both to 

	 Maximum		  Spearman
Management area	 possible score*	 Mean score†	 coefficient‡	 P value§

Feed storage				  
  Alfalfa 	 20	 15.4	 0.78	 , 0.001
  Grass 	 5	 3.4	 0.66	 , 0.001
  Silage (corn)	 10	 8.5	 0.29	 0.48
  High-moisture corn	 10	 ND	 ND	           ND
  Grain	 10	 3.3	 0.82	 , 0.001
  Beet pulp	 20	 14.9	 0.44	 0.047
Total feed storage	 75	 27	 0.92	 , 0.001
				  
Feeding practices║	 			 
  Feeding site A	 15	 10.4	 0.77	 , 0.001
  Feeding site B	 15	 7.0	 0.76	 , 0.001
  Feeding site C	 15	 6.6	 0.70	 , 0.001
  Mean feeding site location¶	 15 (45)	 8.5 (25.5)	 —	 —
  Rapidity with which feed is     
    consumed	 15	 9.4	 0.46	 , 0.001
  Location at which minerals are 
    provided	 15	 5.1	 0.49	 , 0.001
Total feeding practices	 75	 33	 0.81	 , 0.001
				  
Cattle housing ║	 			 
  Cattle housing A	 5	 3.4	 0.68	 , 0.001
  Cattle housing B	 5	 2.5	 0.48	 0.003
  Cattle housing C	 5	 2.3	 0.80	 , 0.001
  Mean cattle housing score¶	 5 (15)	 2.9 (7.8)	 —	
Total cattle housing	 15	 6.5	 0.84	 , 0.001

Water management║				  
  Water A	 5	 1.4	 0.76	 , 0.001
  Water B	 5	 0.8	 0.48	 0.003
  Water C	 5	 0.9	 0.47	 0.009
  Mean water source score¶	 5 (15)	 1.1 (3.3)	 —	 —
Total water	 15	 2.4	 0.74	 , 0.001
				  
Total risk	 180	 69	 0.91	 , 0.001

Mean number of adult cattle per farm was 73, and the mean proportion of land surrounding the farm that 
was a combination of woods, swamp, or Conservation Reserve Program land (ie, deer cover) was 34%.

*Maximum possible score for each risk category. †Mean score for the 53 farms visited; the score for each 
farm was the mean of the scores for the 2 evaluators. ‡Measurement of the agreement of scores between 
the 2 evaluators. §The P value for the Spearman rank correlation score; values were considered significant 
at P < 0.05. ║For this variable, A, B, and C refer to results for adult cattle, yearlings, and calves, respectively. 
¶Mean score calculated for all 3 groups of cattle (ie, adult cattle, yearlings, and calves) on a farm; numbers in 
parentheses are means of the sum of total mean scores for all 3 housing groups on a farm. 

ND = Not determined because high-moisture corn was not fed at any of the farms visited. — = Not  
applicable. 

Table 1—Risk assessment scores for 53 cattle farms in northwestern Minnesota for which an on-farm 
assessment for cattle-deer interactions was conducted. 
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cattle; 50 of 53 (94%) fed alfalfa, and 47 of 53 (89%) fed 
grass. Thirty-nine of 53 (74%) farms fed grain to cattle, 21 
(40%) fed beet pulp, and 7 (13%) fed silage. None of the 
farms visited fed high-moisture corn to cattle. The high-
est proportion of deer damage to stored feeds that was di-
rectly observed by the evaluators during farm visits was 
for silage; 5 of 7 (71%) farms that fed silage had evidence 
of deer damage to the stored silage at the time of the on-
farm risk assessment. Eight of 21 (38%) farms that fed 
beet pulp and 17 of 50 (34%) farms that fed alfalfa had 
evidence of deer damage to those stored feeds. Farms that 
fed grain (4/38 [11%]) and grass hay (1/47 [2%]) had the 
lowest proportions of deer damage to stored feeds.

Risk assessment scores—The risk assessment was 
originally planned such that the evaluators would cal-
culate a separate score for each group of cattle (adult 
cattle, yearlings, and calves) housed on a farm. How-
ever, because cohousing of these cattle groups was 
commonly practiced on farms included in the study, 
these groups were not consistently scored separately. 
Therefore, a mean score for the 3 groups was calculated 
for the scores contained within feeding practices, cattle 
housing, and water management areas.

When agreement between the 2 evaluators was exam-
ined, correlation coefficients were > 0.7 for 12 of 21 risk 
scores, with the highest agreement in scores for total feed 
storage, total feeding practices, total cattle housing, and 
total risk (Table 1). Correlation coefficients were < 0.5 for 
5 risk scores, which included scores for silage, beet pulp, 
and the rate at which feed was consumed. The risk assess-
ment score for silage storage was the highest score relative 
to the maximum possible score (8.5/10).

Management recommendations—Feed storage 
was the most consistently prioritized risk area; recom-
mendations were made to 34 of 53 (64%) farms that 
they should fence stored hay to exclude deer. Altera-
tions of feeding practices were frequently recommend-
ed.  Recommendations were made to 20 (38%) farms 
to move feeding locations or reduce the amount of feed 
provided to cattle to minimize the amount of leftover 
feed that could attract deer. On 8 (15%) farms where 
severe deer damage was sustained, a recommendation 
was made to seek a permit to remove deer from the 
premises. The recommendation was made to 2 (4%) 
farms that they should discontinue intentionally feed-
ing deer adjacent to facilities used for cattle housing or 
stored feeds.   

Associations between land cover and deer dam-
age—We did not detect a significant (P = 0.76) as-
sociation between deer damage and mean number of 
adult cattle on a farm (75 adult cattle on farms with 
deer damage vs 73 adult cattle on farms without deer 
damage). Compared with farms without deer damage, 
farms with deer damage had a significantly higher per-
centage of land surrounding the farm classified as deer 
cover (28.2% vs 40.6%; P =  0.01) and a higher total 
risk score (62.7 vs 74.7; P =  0.01). The risk assessment 
score for total feeding practices was also significantly (t 
test statistic = 2.5; P =  0.02) associated with deer dam-
age, but total feed storage score was not significantly (t 
test statistic = 1.84; P =  0.07) associated with deer dam-
age. No other demographic or deer-related factors were 
significantly associated with deer damage.

Fifty farms had complete data for inclusion in the 
logistic regression model. Because the feeding practices 
and feed storage scores were part of the total risk score, 
they were not included in the logistic regression model. 
Results for a model that incorporated both total risk 
score and percentage of deer cover as predictors of dam-
age to stored feed were significant (–2 log likelihood χ2 
= 7.58; 2 df; P =  0.023). The resulting odds ratio was 
1.035 for total risk score and 1.04 for percentage of deer 
cover; this indicated that for every 1-point increase in 
total risk score or 1% increase in deer cover, the prob-
ability of deer damage increased by 3.5% or 4%, respec-
tively. Results for the Hosmer-Lemeshow goodness-
of-fit test revealed that the data points for the actual 
observations were not significantly different from those 
for the model predictions, which indicated goodness of 
fit (P = 0.43). A test for interaction between total risk 
score and percentage of deer cover was not significant 
(–2 log likelihood χ2 = 7.58; 3 df; P = 0.054). Parameter 
estimates from the final model were used to estimate 
the probability of deer damage for specific values of risk 
score and deer cover (Table 2).

Discussion

To our knowledge, the study reported here is the 
first in which investigators have quantified factors that 
may be associated with deer damage of stored cattle 
feeds on Minnesota farms. Deer-cattle interactions in 
Minnesota were previously described in a survey12 con-
ducted to estimate possible transmission of M avium 
subsp paratuberculosis between cattle and wildlife, in 
which 87% of Minnesota dairy producers observed 
deer on their farms, with 49% reporting at least weekly 
sightings and 32% reporting the possibility of physi-
cal contact between cattle and deer or their feces on 
at least a weekly basis. Although the evaluators in the 
study reported here were able to confirm deer damage 
to stored feed on 23 of 27 (85%) farms for which own-
ers reported such damage, evidence of deer damage was 
not detected on 4 farms during the evaluator assess-
ment. For each of those 4 farms, this was because the 
deer had damaged the stored feed during the preceding 
winter and the feed that was damaged was no longer 
available for inspection.   

It was reported in the present study that deer were 
most frequently seen in the winter for only 6 (11%) 

	 Deer cover (%)
Total risk score	 20	 50	 70

          40	 0.18	 0.41	 0.61
          70	 0.38	 0.66	 0.81
         100	 0.63	 0.84	 0.92

Odds ratio was 1.035 for total risk score and 1.04 for percentage 
of deer cover. Thus, for every 1-point increase in total risk score or 
1% increase in deer cover, the probability of deer damage to stored 
feed increased by 3.5% or 4%, respectively. 

Table 2—Point estimates of the probability of deer damage to 
stored feed on a farm as determined by the use of logistic regres-
sion analysis of the total risk score for an on-farm assessment 
and percentage of deer cover.
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farms, whereas in a telemetry study15 in Michigan, ra-
dio-collared deer were found to travel to farms most 
frequently in the spring and fall. The risk assessment 
tool used in the study reported here did not quantify 
the time of year that deer most commonly ate stored 
feeds, although it was assumed that winter was a higher 
risk than other times of the year because of a lack of 
other feed sources available to deer. 

For the farms that were visited by the evaluators, 
the most common land types surrounding the farms 
were estimated by the evaluators with the landowner’s 
input, although this information was not verified by use 
of objective data, such as satellite imagery. Neverthe-
less, a strong association was found between increases 
in the percentage of land that would serve as deer cover 
and deer damage to stored feeds on the farm. In a Mich-
igan study,16 satellite data were used to characterize the 
predominant land types surrounding case and control 
farms and this was associated with the likelihood that a 
herd of cattle would have bovine tuberculosis. A higher 
percentage of open land around a farm had a protective 
effect.16 Similarly, land type in Michigan was associated 
with infected deer, with forested areas having a higher 
prevalence of deer with bovine tuberculosis and open 
areas having a lower prevalence of infected deer.17 In 
that study,17 spatial factors were stronger indicators of 
deer infection than were supplemental feeding factors.  
In a Canadian study,18 the proportion of forest cover 
around a farm was predictive of having elk that grazed 
on cattle pastures. 

When scores from the risk assessment were de-
veloped, the maximum scores were assigned to alfalfa 
(second- or third-cutting hay) and beet pulp because 
these feeds were expected to have a higher risk of being 
eaten by deer. Other high-quality forages (such as grain 
and silage) were assigned middle values for risk scores, 
and lower-quality forage (grass hay [first-cutting hay]) 
was assigned the lowest maximum score. Feeding tri-
als support the hypothesis that, in winter, deer prefer 
high-energy feed sources.19 However, deer will eat low-
er-quality feeds if they are the only feeds available. Es-
sentially, there is no stored feed with a zero risk for be-
ing eaten by deer. This was the case for the farms visited 
by the evaluators because every type of stored feed they 
evaluated was consumed by deer on at least 1 farm.

Both silage and beet pulp had the potential to at-
tract large numbers of deer to cattle operations, likely 
because of the high nutritional value of such feeds. Beet 
pulp is frequently fed on farms in this region (21 [39%] 
farms visited), although it is not widely used as cattle 
feed in other parts of Minnesota that are more distant 
from sugar beet agriculture. During the creation of as-
sessment tools, it is important to consider the feeds and 
management practices that are unique to the area of in-
terest. Both beet pulp and silage were frequently stored 
in open piles on the farms in the study area. Consider-
ing that deer damage was commonly seen for silage, it 
would be appropriate in future assessment tools to in-
crease the maximum risk score for this feed relative to 
the scores for other types of feed. Bales of hay were also 
commonly stored in open unprotected areas. In Michi-
gan, storing hay outdoors or leaving hay bales in fields 
or fence rows was associated with tuberculosis-positive 

herds, whereas protecting hay via bagging, wrapping, 
or indoor storage was associated with tuberculosis-neg-
ative herds.16  

Cattle feeding practices were also found to be a risk 
factor for deer-cattle interactions; mean scores for loca-
tion of feeding site and the rapidity with which feed 
was consumed were worth > 50% of the maximum risk 
score. Often, the location where cattle were housed 
could easily be entered by deer. To save time, many 
producers placed several large, round hay bales in the 
winter feeding area at 1 time. This practice increased 
the chance that hay would be leftover after the cattle 
had finished feeding, and the remaining hay was likely 
to attract deer. When large quantities of hay are fed at 
1 time, cattle may eat initially, leave the remaining hay 
for a period, and then return to the hay after deer have 
eaten; the cattle can then be exposed to any potential 
secretions that may have been left by the deer. In Michi-
gan, farms that had cattle with tuberculosis were sig-
nificantly more likely to feed loose hay and less likely 
to house cattle in a barn, feedlot, or barnyard.16 Feeding 
hay on the ground on farms in Michigan was associ-
ated (but not significantly) with tuberculosis-positive 
herds.16 

Bulk or ad libitum feeding of feedstuffs and prod-
ucts other than hay was not frequently observed in the 
study reported here, although there was evidence that 
deer ate silage, beet pulp, or grain residues in feeding 
tubs at a few farms. In most cases, these higher-quality 
feeds were fed once or twice daily, and cattle would 
readily consume these feeds within hours after they 
were provided. However, creep feeders were used on 2 
farms to supplement the diets of unweaned calves by 
providing grain on an ad libitum basis, and there was 
evidence of deer accessing this feed source. 

Although mineral feeders may potentially attract 
deer, the mean risk scores assigned to this category 
were < 50% of the maximum possible score. In gen-
eral, minerals were often made available in protected 
areas such as covered feeders or adjacent to farm build-
ings. Similarly, water sources may attract deer, but most 
types of waterers used during the winter were located 
adjacent to farm buildings or otherwise protected from 
freezing and less likely to be accessed by deer. Evalua-
tion of the management practices used during the sum-
mer may reveal that those water sources (such as ponds 
or open water troughs) would pose a higher risk. The 
presence of ponds or creeks in cattle areas was associ-
ated with tuberculosis-positive herds in Michigan.16

Comparison of the agreement of risk scores be-
tween evaluators revealed that the 2 evaluators had 
a high degree of agreement for many of the manage-
ment areas. However, the Spearman rank score was  
< 0.5 for 7 of 21 scores assigned on farms. Scores from 
silage and beet pulp storage both had low agreement. 
For these risk areas, the scoring guidelines were less 
definitive than for other types of feed, which had higher 
interobserver agreement. A potential improvement in 
the assessment tool would be to create more detailed 
guidelines for use by evaluators. 

The likelihood of deer damage to stored feed on 
farms was predicted by use of logistic regression analy-
sis that used the total risk score for the on-farm assess-
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ment and the surrounding land type as variables. Each 
variable was a significant predictor of deer damage, and 
the combination described the observed data well (Ta-
ble 2). There is a possibility that these variables were 
confounded, considering that proximity to adequate 
deer cover was taken into account during the scoring 
process. However, in the logistic regression models, the 
odds ratio predicting deer damage on the basis of total 
risk score alone was similar after adjusting for percent-
age of deer cover (1.039 vs 1.035), which indicated that 
the 2 variables each provided unique information to the 
model. Furthermore, there was not a significant inter-
action between the 2 variables in the logistic regression 
analysis.

Producers of the farms in this study volunteered to 
have risk assessments performed; thus, the results have 
potential volunteer bias. Such a bias can mean the farms 
evaluated were not necessarily representative of the en-
tire population in the region. Reasons that an owner or 
producer may have opted to participate in a risk assess-
ment include a preexisting problem with deer damage 
to stored feeds, proximity to bovine tuberculosis–posi-
tive herds, or greater value of cattle. We also did not 
stratify farms or herds on the basis of size (ie, number 
of cattle/farm). Larger herds often require more exten-
sive operations, with greater volumes of stored feeds 
that could attract deer, and this may have affected the 
results of the study. Furthermore, the target sample size 
of 61 herds was not attained, and only 53 herds were 
visited. The fact that we had a lower number of farms 
in the study may have affected the study’s power and 
may have biased the results toward the null hypothesis.

Despite these limitations, the results of the study 
reported here revealed that there was deer damage to 
stored feeds on many farms in the study region and that 
many herd management practices were conducive to 
the risk for interspecies interactions. Furthermore, re-
sults of the risk assessments indicated that farms were 
not equal in their risk of deer-cattle interactions. Man-
agement practices that placed farms at higher risk of 
deer-cattle interactions included unprotected feed stor-
age and feeding practices that resulted in cattle feed or 
leftover feed being readily or easily available to deer. 

The transmission rate of bovine tuberculosis from 
an infected wildlife species to a susceptible domestic 
species depends on the spatial and temporal distance 
between the 2 populations, in addition to population 
densities, prevalence of disease, and factors that affect 
the survival of the bacterium outside the host.20 Fur-
thermore, successful transmission of tuberculosis via 
feed is dependent on the capacity of an infected animal 
to shed a sufficient amount of bacteria through bodily 
secretions (respiratory secretions, feces, or urine) and 
on the organism’s ability to survive in the environment 
long enough for a susceptible animal to eat the feedstuff 
and become infected.21 Mycobacterium bovis is capable 
of surviving for weeks to months in a variety of envi-
ronmental conditions, with the longest persistence in 
cold temperatures when protected from sunlight. Am-
bient winter conditions in northwestern Minnesota are 
likely to be conducive to long-term survival of M bovis. 

Although the presence of deer on a farm does not 
imply that deer are infected with a disease transmis-

sible to cattle, it does increase the risk of a sufficient 
number of contacts between species that could lead to 
transmission. The flow of infectious disease can travel 
in either direction through shared feed; white-tailed 
deer in Minnesota likely became initially infected with 
M bovis by direct or indirect contact with one of the 
original infected cattle herds, and careful attention to 
theses interspecific interactions may prevent transmis-
sion of infection back to cattle. 

Tremendous challenges exist in eradication of a 
complicated disease such as bovine tuberculosis. Wild-
life-cattle interactions are only a small component of 
the multiple factors that must be considered; improved 
biosecurity for cattle herds is 1 dimension of the nu-
merous controls that must be effectively implemented. 
The on-farm risk assessment evaluated in the study re-
ported here has many advantages for use in determin-
ing potential biosecurity or management practices that 
can be used to prevent transmission of bovine tuber-
culosis. It is a relatively simple tool that can be used 
to quickly evaluate several risk areas and prioritize the 
most important risks to a farm. Minor improvements in 
this tool could make it even more helpful for evaluators 
and producers as they consider the specific needs for 
each farm. Wildlife species serve as potential reservoirs 
for diseases; thus, procedures must be implemented to 
control disease within affected populations as well as 
to control transmission of disease between populations.
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Risk factor	 Scoring guidelines	 Risk level	 Score

Alfalfa (second- or third-cutting hay) 	 Uncovered and adjacent to deer habitat 	 High	 20
	 Uncovered and near farm buildings 	 High	 15
	 Covered and adjacent to deer habitat 	 Medium	 10
	 Open building	 Medium	 8–15
	 Enclosed building 	 Low	 0–5
	 Completely enclosed by a fence so as to restrict access of deer	 Low	 0

Grass (first-cutting hay) 	 Outside, uncovered, and adjacent to deer habitat 	 High	 5
	 Outside, uncovered, and near farm buildings  	 High	 1–4
	 Open or enclosed building	 Low	 0–2
	 Completely enclosed by a fence so as to restrict access of deer	 Low	 0

Silage (corn) 	 Open pile or bunk silo adjacent to deer habitat	 High	 10
	 Open pile or bunk silo near farm buildings	 Medium	 6–10
	 Silage bags or bales 	 Medium	 4–8
	 Upright silo or completely enclosed by a fence 	 Low	 0–2

Grain and concentrate	 Open containers (eg, bulk bay or corn cribs) 	 High	 8–10
	 Closed containers (eg, grain bins or bags)	 Low	 0–6

Beet pulp	 Open pile or bunk adjacent to deer habitat 	 High	 20
	 Open pile or bunk near farm buildings	 Medium	 15
	 Completely enclosed by a fence so as to restrict access of deer	 Low	 0–10

Feeding site (all groups of cattle)	 Within or adjacent to suitable deer habitat 	 High	 15
	 Located a distance away from farm buildings 	 High	 10–14
	 Adjacent to farm buildings 	 Medium	 6–9
	 Indoors	 Low	 0–2

Rapidity of feed consumption	 Ad libitum feeding or feed is always available 	 High	 15
	 Between 2 and 12 hours 	 Medium	 6–10
	 Within 2 hours	 Low	 0–5

Location where minerals are provided	 Pasture in an open feeder 	 High	 10–15
	 Pasture in a closed feeder	 Medium	 6–8
	 Dry lot	 Medium	 4–6
	 Barn or cattle housing 	 Low	 0–4

Cattle housing	 Outdoor only–pasture 	 High	 5
	 Outdoor only–enclosure 	 Medium	 3–4
	 Primarily indoors or confinement	 Low	 0

Source of water	 Pond, reservoir, or wetland 	 High	 5
	 Creek, stream, or watering tank	 Medium	 2–4
	 Automatic watering system 	 Low	 0–2

Maximum possible total risk score for a farm was 180 (feed storage, 75 possible points; feeding practices, 75 possible points; cattle housing, 
15 possible points; and water management, 15 possible points).

Appendix
Guidelines for scoring a risk assessment for cattle-deer interactions during on-farm assessments conducted on cattle farms in north-
western Minnesota.
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