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Intensification of game management may increase the prevalence of tuberculosis (TB) in
wildlife despite eradication programs implemented in cattle herds in the same areas. In this
cross-sectional study, we investigated the association between wild game management
practices and the presence of tuberculosis in red deer populations in Southwestern Spain.
Five hundred and fifty-one animals were examined by necropsy to detect tuberculosis-

IT(eJéwordls" . like lesions in the main lymph nodes. Prevalence, as determined by TB-like lesions, was
deedr;:roms estimated to be 5.1% of animals, with 77% of TB-like lesions confirmed by PCR. Our results
Management suggest that population density, in addition to factors which promote the local aggregation
Supplementary feeding of animals, is factors associated with increased prevalence of TB in red deer populations.
Water ponds We suggest that management practices including supplementary feeding, fencing, water

ponds and interaction with domestic livestock should be revised in order to prevent TB in

wild deer both.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Bovine tuberculosis (TB) is an ongoing concern in many
regions because of affects on economics, health, animal
welfare and conservation. In Spain, eradication programs
based on tuberculin test-and-slaughter began in dairy
cattle in the 1960s and have encompassed the national
herd since 1986, resulting in a reduction in the percent-
age of test-positive cattle from 11.8% in 1987 to 1.6% in
2007, at an estimated cost of €8m (unpublished report
of the Spanish Ministry of Environment, Marma, 2009).
However, it is acknowledged that the reduction in TB
prevalence has been less effective in areas where farmed
cattle are free to range over large areas, sharing habitat
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with wild species which may act as reservoirs of infection
(unpublished report of the Spanish Ministry of Environ-
ment). Several studies have shown associations between
prevalence of tuberculosis in cattle and wildlife species,
predominantly red deer (Cervus elaphus) and wild boar (Sus
scrofa) (Aranaz et al., 2004; Hermoso de Mendoza et al.,
2006; Parra et al., 2006; Vicente et al., 2006). Diagnosis
of TB in wild boar based on post-mortem inspection and
palpation has shown an increased proportion of carcass
condemnation in the region of Extremadura (Southwest-
ern Spain) from 0.8% in 1997-998 (Parra et al., 2006) to
2.9%in2003/2004 (Hermoso de Mendoza et al.,2006). More
recently, in vitro techniques for diagnosis have been devel-
oped including y-interferon ELISA and PCR-based methods
for direct detection of the organism, which can detect early
stages of infection.

Alteration of natural environments and population
structures as a consequence of management, may lead to
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Table 1

Tuberculosis-like lesion prevalence and PCR confirmation for different areas and the most relevant management practices at the estate level (n1=16) in a
study of Mycobacterium tuberculosis complex prevalence in red deer populations in Southwestern Spain (level water ponds: L1 =from 0.17 to 0.21 water
ponds/100 ha, N=145; L2 =from 0.60 to 0.76, N=145; and L3 =from 0.93 to 1.31, N=116).

TB-like lesions

P (Fisher exact test)

% of positive TB prevalence P (Fisher exact test)

prevalence culture in lesions confirmation

Total red deer 5.1(28/551) 77 3.1
Sierra San Pedro 5.8(22/381) 0.75 68.1 3.7 0.68
National Park of Monfragiie 3.5(6/170) 75 1.8
Fenced 6.4 (21/328) 0.45 52.17 3.6 0.68
Unfenced 3.1(7/223) 71.42 2.2
With livestock 10.9 (22/202) 0.02 7143 6.1 0.12
Without livestock 2.2 (5/231) 68.19 1.0
With sowing 8(28/320) 0.01 70 45 0.07
Without sowing 0(0/105) 0 0
Supplementary feeding 7 (26/348) 0.17 67.86 4.0 0.68
Non supplementary feeding 2.5(2/77) 100 25
Level water ponds/100 ha

Level 1 3.1(4/130) 0.06 50 1.5 0.02°

Level 2 9.0 (12/133) 100 9.0

Level 3 11.5(12/104) 83.3 9.4

" Chi-square test.

the introduction or exacerbation of diseases in wild ani-
mal populations (Corner, 2006). Reported examples are
the spread of TB among several wildlife species that share
the same habitats with extensive cattle in East Africa
(Cleaveland et al., 2005). Other examples are TB transmis-
sion between cattle and wildlife in South Africa, and the
remarkable case reported in Michigan, where winter sup-
plementary feeding and increased density of white tailed
deer have facilitated the aerosol transmission of TB that
subsequently re-emerged in cattle after a successful erad-
ication program (O’Brien et al., 2002).

Management practices may further increase contact
between livestock and wildlife species, such as red deer and
wild boar, and may increase TB transmission and preva-
lence (Caley and Hone, 2002). In Spain, during the last
40 years landowners have fenced many hunting estates
and intensified the management of red deer populations,
maintaining high stocking densities and attempting to
improve the quality of trophy animals (Carranza et al.,
1996; Carranza, 1999; Martinez et al., 2002). Management
in hunting estates may influence not only the population
dynamics but also the behavior of the animals, promot-
ing their aggregation at particular locations and thus
facilitating contact between individuals and favoring the
transmission of infectious diseases (Sanchez-Prieto et al.,
2004; Gortazar et al., 2006; Hermoso de Mendoza et al.,
2006; Morellet et al., 2007; Vicente et al., 2007; Castillo
etal., 2010.).

Here we describe 16 hunting estates that manage pop-
ulations of red deer in Southwestern Spain, some of them
with domestic livestock sharing the same areas with red
deer. Our objective in this work is to investigate which
factors in the management of hunting estates may be asso-
ciated with the prevalence of TB in red deer.

2. Materials and methods
2.1. Study area

Samples were collected from 16 different estates in two
areas in Southwestern Iberian Peninsula: Sierra de San

Pedro (14 estates with an approximate area of 18,500 ha)
and Monfragiie National Park and surroundings (two
estates with a total area of 5216 ha). Vegetation in these
areas is predominantly composed of holm oak (Quercus
ilex), cork oak (Quercus suber), scrublands (Cystus spp.,
Phyllirea spp., Pistacia spp., Rosmarinus spp., and Erica
spp.), with some scattered pasturelands and small areas
of farmed crops. The climate in this region is typically
Mediterranean with mild winters and hot and dry sum-
mers; average rainfall is between 400 and 600 mm. Rainfall
is concentrated in autumn and spring and almost absent in
summer. Mean temperatures range from 3.5°C in winter
to 35°C in summer.

2.2. Featured estates

Estates were selected so as to include some whose
main purpose was recreational hunting, along with others
encompassing both livestock rearing and hunting activ-
ity. Characteristics of the study estates were obtained
from owners, guards and managers in the years of study,
although management practices commonly did not change
from one year to the next and the responders were asked
to confirm that their answers equally applied to several
(at least 2) previous years. Responders provided answers
to questions about the management of the estate: fencing
(yes/no), points of water supply (number/100 ha), supple-
mentary feeding (yes/no), type of feeding (trail, crops or
both), number of wild boars hunted and livestock shar-
ing areas with deer (yes/no) (Table 1). For the interview,
we considered as plantings closed areas with an electric
fence maintained until the forage crop had grown up.
Water ponds were available for all animals and did not
have any chemical disinfection. The population density of
8 estates was obtained from Castillo et al. (2010) with val-
ues ranging between 15 and 40 deer/100 ha. Wild boar
density was obtained from Fernandez-Llario and Mateos-
Quesada (2003) with values of 2.7wild boar/100ha in
Sierra de San Pedro or 3-4 wild boar in National Park
of Monfragiie (Fernandez-Llario et al., 2004). These areas
have a low density of wild boar because its manage-
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ment is directed at deer, wild boar being a secondary
use.

2.3. Animal sampling

Samples were collected from October to February in the
hunting periods of 2007-2008 and 2008-2009. The hunt-
ing period commences after the rut, so the animals had
suffered considerable loss of condition after the reproduc-
tive effort (mostly for males) and the hot and dry summer
(for both sexes). Red deer examined for this study were
shot in commercial hunt called monteria. Normally, male
deer of 2 years or more, or females of any age, can be shot in
commercial monteria, focused on stags, or in management
hunts, aimed at reducing the density of hinds, respectively.
Under these conditions, there is little opportunity for hunt-
ing bias towards particular individuals, and monteria have
been shown to be a less-biased procedure to obtain data
from hunted red deer (Martinez et al., 2005). This kind of
study does not encourage hunters to shoot additional deer
(Carranza et al., 2004).

Five hundred and fifty-one animals were examined by
necropsy to detect TB-like lesions in the retropharyngeal,
mediastinal and mesenteric lymph nodes; the ileocecal
valve, lungs, kidneys and liver were also examined. The
evaluation protocol included detailed inspection and pal-
pation followed by incision of potential lesions. Inspections
were carried out by qualified staff.

TB-like lesions (enlarged, caseated or calcified) were
sampled, collected in a sterile container and refrigerated to
4°C until processing, typically within 48 h. Samples were
processed for microscopic examination, decontamination
and culture in Lowenstein Jensen Medium with pyruvate
and without glycerol. Positive cultures were confirmed as
Mycobacterium bovis by PCR amplification of IS6110 (Parra
et al., 2008).

2.4. Statistical analysis

A cross-sectional study to identify the relationship
between some management factors and the prevalence of
TB in red deer was carried out. Firstly, we explored the
association between TB prevalence and the different man-
agement conditions using non-parametric tests (Fisher
exact tests; Statistical package version 8).

Secondly, we conducted a Generalized Linear Model
(SPSS software vs. 13, SPSS, Inc., Chicago, IL, USA) analysis
to investigate the combined effect of several management
conditions on the presence of red deer with TB lesions con-
firmed by positive culture and PCR. The dependent variable
followed a binomial distribution, so we used a binomial
model (logit link) to estimate the effect of management
conditions on the odds of TB in red deer. As fixed effects we
included all the management practices for which we had
sufficient and suitable data, as shown in the exploratory
analyses.

In this case, a forward stepwise method was used to
test for the significant changes in —2log-likelihood when
including or removing a variable, which is generally more
reliable than the Wald statistic for testing the contribution
of each factor to the explanatory model.

After having analysed the effect of the management con-
ditions on TB prevalence, we were interested in knowing
whether the presence of another species also reported as a
reservoir, the wild boar, had an effect on red deer TB. For
this purpose we refit the Generalized Linear Model with
exactly the same variables and procedures but adding the
number of wild boars hunted in the estate as a new fixed
factor. The number of boars in each estate was previously
categorized into two levels (level 1 with density <2.5 wild
boar/ha and level 2 with density >2.5 wild boar/ha). The
study has been reported in accordance with the STROBE
statement (Von Elm et al., 2007).

3. Results

A total of 551 free ranging red deer were examined for
TB-like lesions of which 5.1% (28/551) were positive. Sam-
ples from the lesions of the 28 individuals were cultured
and 77% of them were a PCR positive for Mycobacterium
tuberculosis complex (3.1% of the total red deer examined).
Management factors studied and their associated preva-
lences are shown in Table 1.

A forward stepwise was used including presence of
livestock, supplementary feeding and number of water
ponds/100 ha. This last variable was firstly included as a
covariate, but the model showed the best-fitting values of
the information criteria (logit likelihood and AIC: Akaike’s
Information Criterion) when it was included as a categori-
cal variable with three levels (L1 =from 0.17 to 0.21 water
ponds/100 ha, N=145; L2 =from 0.60 to 0.76, N=145; and
L3=from 0.93 to 1.31, N=116). Due to the presence of
empty cells, only the main effects could be considered
in the model. This model allows for an estimate of the
differences between levels within each fixed factor. Nev-
ertheless, we decided to conduct another model (a Logistic
Regression Analysis) on the same variables in order to
obtain new information (odds ratios, Hosmer-Lemeshow
test, percentage of correct classification and Nagelk-
erke R? statistic) to confirm the previous model
fit.

Results from the Generalized Linear Model showed sig-
nificant effects of supplementary feeding, number of water
ponds/100 ha and presence of livestock on the prevalence
of TB. Both supplementary feeding and presence of live-
stock in the estate increased TB prevalence (Table 2). These
two factors were correlated, as all estates without live-
stock provided supplementary feeding to red deer, whereas
only some of the estates with livestock did so (exact Fisher
test: P<0.001; Fig. 1a). Our results also showed a signifi-
cant effect of the number of water ponds/100 ha. Although
adding this factor to a Logistic Regression model resulted
in poorer model fit (Hosmer-Lemeshow fit-goodness test
P<0.05), its inclusion produced a significant change in the
—2log-likelihood (change =6.430, df=2, P=0.04). Notably,
TB prevalence was 3-fold higher in estates with interme-
diate level of water ponds compared with estates with the
highest level of water ponds/100 ha. However, estates with
a low level of water ponds did not show higher TB preva-
lences compared to those with the highest level of water
ponds/100 ha (see Table 2). The management practice of
building water ponds is mainly oriented towards livestock
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Table 2

Generalized Linear Model of the association between management practices and conditions and the presence of tuberculosis-like lesions confirmed by
culture and PCR in red deer in a study of Mycobacterium tuberculosis complex prevalence in red deer populations in Southwestern Spain.

Parameter B Standard error Wald’s Chi-square df Sig. Odds ratio
Intersection —-2.190 0.334 64.128 1 0.00
Supplementary feeding

Without vs. with -2.183 0.803 7.392 1 0.01 0.113
Livestock

Without vs. with —2.495 0.822 9.223 1 0.00 0.082
Water ponds

Level 1 vs. level 3 -.198 1.337 0.022 1 0.88 0.821

Level 2 vs. level 3 1.173 0.514 5214 1 0.02 3.233

Nagelkerke R? =0.196. Percentage of correct classification = 94.2%. Hosmer-Lemeshow test (second step: livestock and supplementary feeding): P=0.98.

and this is why the estates with few water ponds were also
free of livestock (Fig. 1).

To investigate the effects of the presence of wild boar in
the same area, the previous model was refit including the
presence of wild boar hunted during the hunting season in
that year. The results showed no significant effect of the
presence of wild boar hunting in the area (P=0.998).

4. Discussion

Our results show that some management factors
favoring the aggregation of animals, such as food sup-
plementation, presence of water ponds or presence of
livestock were associated with high prevalences of TB in
red deer.

Recently, a number of articles have been published
describing an increase in TB prevalence in the southwest
of the Iberian Peninsula: 0.8% in 1997-1998 (Parra et al.,
2006)t02.9in2004 (Hermoso de Mendoza etal., 2006). Our
results support the same trend in prevalence in this area.
Despite this increase in TB prevalence in the southwest of
the Iberian Peninsula, our estimates are lower than those
presented by Vicente etal.(2006) (15.84%) in South-Central
Spain.

Similarities were observed between the situation
reported here and that of white tailed deer in Michigan,
USA. In the latter case, a TB positive deer was detected
after the cattle on the farm had gained a tuberculosis-free
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status (Schmitt et al., 1997). Later, the prevalence in deer
increased to 0.54% and resulted in 19 infected cattle herds
(O’Brien et al., 2002). By inference, we should pay special
attention to this outcome because the TB control measures
implemented for cattle in our area may not be as efficient as
they could, because of the risk of continuous re-infections
due to the high prevalences of TB occurring in wild ungu-
lates.

Comparing our situation to that of white tailed deer of
Michigan, the contagion in both cases appears associated
with the aggregation of deer. In white tailed deer it has
been reported that the main management practice respon-
sible for disease transmission was supplementary feeding
in winter (Miller et al., 2003). Similarly, in our experience
the main routes for transmission are related to supple-
mentary feeding, water ponds and livestock uses. In the
same way, Vicente et al. (2007) investigated TB preva-
lences under different management practices and found a
relationship with supplementary feeding and water ponds,
although the presence of livestock was not considered in
that study.

Supplementary feeding may be necessary for red deer
survival during limiting periods, for maintaining immune
response and body condition to acceptable levels (Cichon
et al,, 2002). Therefore, the impact of aggregation result-
ing from supplementary feeding may, in some part, be
compensated for by an improvement in overall immune
health and resilience to Mycobacterium bovis infection and

Tb-like lesion
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1254 OYes
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-
s
o 754
o
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O p

1 2 3
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Fig. 1. Number of estates with different densities of water ponds (three levels) separated as a function of (left) their economic use (livestock and hunting
or only hunting) and (right) the presence or absence of cases with TB-like lesions in a study of Mycobacterium tuberculosis complex prevalence in red deer

populations in Southwestern Spain.
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other potential pathogens. However, our results suggest
that provision of supplementary feeding along a trail on
the ground increases rather than decreases the prevalence
of TB-like lesions; this suggests that it may be advisable to
explore alternative methods for providing supplementary
feeding that minimize excessive aggregation and direct
contact among animals, should supplementary feeding be
necessary to maintain the condition of animals through the
limiting season.

In contrast to Michigan, where supplementation is
implemented in winter when snow impedes access to food
sources (Miller et al., 2003), in our study area supplemen-
tary food is provided in summer. The Extremadura summer
is characterized by high temperatures with mean max-
imum temperatures close to 40°C, accompanied by low
humidity which does not promote survival of the mycobac-
terial bacillus in the environment (Duffield and Young,
1985). Despite these conditions, supplementary feeding
seems to have higher effect than water ponds on the preva-
lence of TB. However, transmission of the pathogen may be
facilitated in places where humidity and temperature are
more favorable for the survival of TB bacilli, as may occur
around pond areas. Thus, areas at greater risk of promoting
disease transmission such as water ponds during the sum-
mer could benefit from management practices directed
towards preventing the access of animals (such as fencing
some water ponds), provided that they can have access to
alternative water sources.

Livestock management in the same areas used by red
deer populations appeared to be associated with the high-
est prevalences of TB. In this sense, the worst situation for
red deer TB occurs where there is shared habitat with live-
stock coupled with restricted access to water sites. This
situation not only seems to increase TB prevalences in red
deer, but also it may have an impact on disease control
and TB management in livestock. As Hermoso de Mendoza
et al. (2006) reported, a variety of strain types are shared
between wildlife and livestock. Studies have confirmed
that cattle, red deer and wild boar are all TB reservoirs
(Vicente et al., 2006); the main difference being the natu-
ral TB resistance of wild boar and the ability of this species
to move freely, even through fences, thus becoming a very
efficient spreader of TB in affected areas. Despite the poten-
tial role of wild boar in the maintenance of the disease, our
results did not show a relationship between hunting of this
species in the area and TB prevalence in red deer. One pos-
sible explanation is that the data on the presence of wild
boar hunted in the area was too crude to capture the actual
risk of TB transmission by wild boars to red deer or cat-
tle. Further studies are needed focusing on the interactions
between wild boar, red deer and cattle and their role in the
spread and transmission of TB.

Despite management practices, high stocking density is
a common risk factor impacting the prevalence of infec-
tious diseases, for example see Lugton et al. (1998), Garner
(2001), and Griffin et al. (2005). A decrease in deer den-
sity, as encouraged by the Michigan Government (Miller
et al., 2003), should result in the reduction of TB preva-
lence because the risk of contact is minimized and the
body condition and overall health and wellbeing of animals
improve.

In summary, high population density and the presence
of sites that promote the aggregation of animals may play
a central role in the prevalence of TB in red deer popula-
tions in Southwestern Spain. Supplementary feeding, water
ponds and livestock appear the most important factors
when considering management practices for TB control in
red deer. Reducing the risks of contact between wildlife
and cattle might also improve the success of bovine TB
eradication programs.

Acknowledgments

Many colleagues from the research network Recursos
Faunisticos helped by conduct field work. We are grateful
to the owners and wardens of the estates studied. L. Castillo
has a FPU grant from the Ministerio de Ciencia e Innovacién.
Some financial support came from Spanish Ministry of Sci-
ence, project CGL2007-63594 and project FAU2006-00016.
We thank R. O’brien for revising the English style. The orig-
inal manuscript was improved by comments from M. Ward
and two anonymous referees. The experiments and proce-
dures included in this study comply with national laws.

References

Aranaz, A., de Juan, L., Montero, N., Sanchez, C., Galka, M., Delso, C., Alvarez,
J.,Romero, B., Bezos, J., Vela, AL, Briones, V., Mateos, A., Dominguez, L.,
2004. Bovine tuberculosis (Mycobacterium bovis) in Wildlife in Spain.
J. Clin. Microbiol. 42, 2602-2608.

Caley, P., Hone, J., 2002. Estimating the force of infection: Mycobacterium
bovis infection in feral ferrets Mustelo furo in New Zealand. J. Anim.
Ecol. 71, 44-54.

Carranza, J., 1999. Aplicaciones de la Etologia al manejo de las pobla-
ciones de ciervo en el suroeste de la Peninsula Ibérica: produccién
y conservacion. Etologia 7, 5-18.

Carranza, J., Fernandez-Llario, P., Gomendio, M., 1996. Correlates of terri-
toriality in rutting red deer. Ethology 102, 793-805.

Carranza, J., Alarcos, S., Sinchez-Prieto, C.B., Valencia, ]., Mateos, C., 2004.
Disposable-soma senescence mediated by sexual selection inan ungu-
late. Nature 432, 215-218.

Castillo, L., Ferndndez Llario, P., Carranza, J., Bermejo, F., Hermoso de Men-
doza, J., 2010. First seropositive cases of Coxiella burnetti in red deer
populations in the southwest of Iberian Peninsula. J. Zoo Wildl. Med.
41 (3), 468-473.

Cichon, M., Chadzinska, M., Ksiazek, A., Konarzewski, M., 2002. Delayed
effects of cold stress on immune response in laboratory mice. Proc. R.
Soc. Lond. B 269, 1493-1497.

Cleaveland, S., Mlengeya, T., Kazwala, R.R., Michel, A., Kaare, M.T., Jones,
S.L, Eblate, E., Shirima, G.M., Packer, C., 2005. Tuberculosis in Tanza-
nian wildlife. J. Wildl. Dis. 41 (2), 446-453.

Corner, L.A.L., 2006. The role of wild animal populations in the epidemi-
ology of tuberculosis in domestic animals: how to assess the risk. Vet.
Microbiol. 112, 303-312.

Duffield, B.J., Young, D.A., 1985. Survival of Mycobacterium bovis is defined
environmental conditions. Vet. Microbiol. 10, 193-197.

Fernandez-Llario, P., Mateos-Quesada, P.,2003. Population structure of the
wild boar (Sus scrofa) in two Mediterranean habitats in the western
Iberian Peninsula. Folia Zool. 52, 143-148.

Ferndndez-Llario, P., Parra, A., Cerrato, R., 2004. Spleen size variations and
reproduction in Mediterranean population of wild boar (Sus scrofa).
Eur. J. Wildl. Res. 50, 13-17.

Garner, M.S.,2001. Movement patterns and behavior at winter feeding and
fall baiting stations in a population of white-tailed deer infected with
bovine tuberculosis in the northeastern Lower Peninsula of Michi-
gan. Ph.D. Thesis, Michigan State University, East Lansing, Michigan,
270 pp.

Gortazar, C., Acevedo, P., Ruiz-Fons, F., Vicente, J., 2006. Disease risks and
overabundance of game species. Eur. J. Wildl. Res. 52, 81-87.

Griffin, ].M., Williams, D.H., Kelly, G.E., Clegg, T.A., O'Boyle, 1, Collins, ].D.,
2005. The impact of badger removal on the control of tuberculosis in
cattle herds in Ireland. Prev. Vet. Med. 6, 237-266.

doi:10.1016/j.prevetmed.2010.11.008

Please cite this article in press as: Castillo, L., et al, Management practices and their association with
Mpycobacterium tuberculosis complex prevalence in red deer populations in Southwestern Spain. PREVET (2010),



dx.doi.org/10.1016/j.prevetmed.2010.11.008

G Model
PREVET-2885; No.of Pages6

6 L. Castillo et al. / Preventive Veterinary Medicine xxx (2010) xxx—Xxx

Hermoso de Mendoza, J., Parra, A., Tato, A., Alonso, ].M., Rey, ].M., Pefia,
J., Garcia-Sanchez, A., Larrasa, ]., Teixid6, J., Manzano, G., Cerrato,
R, Pereira, G., Fernandez-Llario, P., Hermoso de Mendoza, M., 2006.
Bovine tuberculosis in wild boar (Sus scrofa), red deer (Cervus elaphus)
and cattle (Bos taurus) in a Mediterranean ecosystem (1992-2004).
Prev. Vet. Med. 74, 239-247.

Lugton, L.W., Wilson, P.R., Morris, R.S., Nugent, G., 1998. Epidemiology
and pathogenesis of Mycobacterium bovis infection of red deer (Cervus
elaphus) in New Zealand. N. Z. Vet. J. 46, 147-156.

Marma, 2009. Informe Final Técnico-Financiero Tuberculosis Bovina Afio
2007. Subdireccién General De Sanidad Animal.

Martinez, ].G., Carranza, J., Fernandez-Garcia, ].L., Sanchez-Prieto, C.B.,
2002. Genetic variation of red deer populations under hunt-
ing exploitation in southwestern Spain. J. Wildl. Manage. 66 (4),
1273-1282.

Martinez, M., Rodriguez-Vigal, C., Jones, O.R., Coulson, T., San Miguel, A.,
2005. Different hunting strategies select for different weights in red
deer. Biol. Lett. 1, 353-356.

Miller, R., Kaneene, ].B., Fitzgerald, S.D., Schmitt, S.M., 2003. Evaluation of
the influence of supplemental feeding of white-tailed deer (Odocoileus
virginianus) on the prevalence of bovine tuberculosis in the Michigan
wild deer population. ]. Wildl. Dis. 39, 84-95.

Morellet, N., Gaillard, ].M., Hewison, A., Ballon, P., Boscardin, Y., Duncan,
P., Klein, F., Maillar, D., 2007. Indicators of ecological change: new
tools for managing populations of large herbivores. J. Appl. Ecol. 44,
634-643.

O’Brien, DJ., Schmitt, S.M., Fierke, ].S., Hogle, S.A., Winterstein, S.R., Coo-
ley, T.M., Moritz, W.E., Diegel, K L., Fitzgerald, S.D., Berry, D.E., Kaneene,
].B.,2002. Epidemiology of Mycobacterium bovis in free-ranging white-

tailed deer, Michigan, USA, 1995-2000. Prev. Vet. Med. 54, 47-
63.

Parra, A., Garcia, A., Inglis, N.F., Tato, A., Alonso, ].M., Hermoso de Mendoza,
M., Hermoso de Mendoza, J., Larrasa, J., 2006. An epidemiological eval-
uation of Mycobacterium bovis infections in wild game animals of the
Spanish Mediterranean ecosystem. Res. Vet. Sci. 80, 140-146.

Parra, A., Garcia, N., Garcia, A., Lacombe, A., Moreno, F., Freire, F., Moran,
J., Hermoso de Mendoza, ]., 2008. Development of a molecular diag-
nostic test applied to experimental abattoir surveillance on bovine
tuberculosis. Vet. Microbiol. 127, 315-324.

Sanchez-Prieto, C.B., Carranza, J., Pulido, F.J., 2004. Reproductive behavior
in female Iberian red deer: effects of aggregation and dispersion of
food. J. Mammal. 85, 761-767.

Schmitt, S.M., Fitzgerald, S.D., Cooley, T.M., Bruning-Fann, C.S., Sullivan,
L., Berry, D., Carlson, T., Minnis, R.B., Payeur, ].B., Sikarskie, J., 1997.
Bovine tuberculosis in free-ranging white-tailed deer in Michigan. J.
Wildl. Dis. 33, 749-758.

Vicente, ]., Hofle, U., Garrido, J.M., Fernandez-de-Mera, 1.G., Juste, R.,
Barral, M., Gortazar, C., 2006. Wild boar and red deer display
high prevalences of tuberculosis-like lesions in Spain. Vet. Res. 37,
107-119.

Vicente, ]., Hofle, U., Garrido, ].M., Fernandez-de-Mera, 1.G., Acevedo, P.,
Juste, R., Barral, M., Gortazar, C., 2007. Risk factors associated with the
prevalence of tuberculosis-like lesions in fenced wild boar and red
deer in south central Spain. Vet. Res. 38, 451-464.

Von Elm, E., Altman, D.G., Egger, M., Pocock, S.J., Gotzsche, P.C., Vanden-
broucke, J.P., 2007. The Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) statement: guidelines for reporting
observational studies. Lancet 370, 1453-1457.

Please cite this article in press as: Castillo, L., et al, Management practices and their association with
Mycobacterium tuberculosis complex prevalence in red deer populations in Southwestern Spain. PREVET (2010),

doi:10.1016/j.prevetmed.2010.11.008



dx.doi.org/10.1016/j.prevetmed.2010.11.008

	Management practices and their association with Mycobacterium tuberculosis complex prevalence in red deer populations in S...
	Introduction
	Materials and methods
	Study area
	Featured estates
	Animal sampling
	Statistical analysis

	Results
	Discussion
	Acknowledgments
	References


