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Abstract The long-term cryopreservation of the germplasm
(spermatozoa and oocytes) of threatened species offers
flexibility in their genetic management and security against
disasters or outbreaks of disease that might seriously affect
subpopulations. A wide range of infectious diseases can,
however, be transmitted via artificial insemination, and the
risk of infectious diseases being spread via manipulated
germplasm needs to be carefully managed in order to avoid
fertility problems in the dams and decreased survival of
offspring. Furthermore, accidental introduction of exotic
microorganisms into ecosystems remain a major threat. The
aims of the present study were to assess the impact of
diseases transmissible by sperm on the establishment of
germplasm banks for the Iberian ibex, a wild mountain

ungulate, and to determine the influence of the presence
of these pathogens on sperm functionality. Blood and
sperm samples were obtained from 52 mature ibex males
legally shot in southern Spain. Sperm motility, morphological
abnormalities, acrosome integrity and plasma membrane
integrity were assessed for each sample to determine in vitro
sperm quality. All serum samples underwent serological
analysis for bovine herpes virus type I, bluetongue virus
(BTV), bovine leukaemia virus, caprine arthritis–encephalitis
virus, pestivirus, Brucella, Coxiella burnetii, Chlamydiophila
abortus, Mycoplasma agalactiae and Borrelia burgdorferi.
The highest prevalence (30.7%) was recorded for B.
burgdorferi, followed by C. burnetii (13.4%). A total of
734 sperm doses containing approximately 200×106

spermatozoa each were frozen in straws. Forty-five straws
(6.1% of the total number) came from animals seropositive
for diseases listed in the Terrestrial Animal Code of the
OIE for collection and processing of bovine and small
ruminant semen (in this case, pestivirus and BTV). A total
of 271 frozen straws (36.9% of the total of frozen straws)
were provided by animals seropositive for pathogens
potentially transmissible by semen not included in the above
OIE code (in this case, B. burgdorferi and C. burnetii). The
values of sperm variables were not affected by seropositivity
for any of the pathogens transmissible by sperm.

Keywords Diseases . Genome resource banking .
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Introduction

Genetic resource banking can play an important role
supporting breeding programmes in small populations of
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threatened wild species kept in captivity in anticipation of
future opportunities for reintroduction to the wild. The long-
term cryopreservation of the germplasm (e.g. spermatozoa
and oocytes) is an insurance against a catastrophic loss of live
animals related to natural disasters or outbreaks of disease
(Kirkwood and Colenbrander 2001), and they may also be an
aid to maintenance of genetic diversity in small breeding
populations (Holt 1994). A wide range of infectious diseases
can, however, be transmitted via artificial insemination
(Philpott 1993), and the risk of infectious diseases being
spread via manipulated germplasm needs to be carefully
managed in order to avoid fertility problems in the dams and/
or decreased survival of offspring. Furthermore, accidental
introduction of exotic microorganisms into ecosystems
remains a major threat (Kirkwood and Colenbrander 2001).

Bull semen can contain bovine herpes virus type I
(BHV-1; Afshar and Eaglesome 1990) and bluetongue virus
(BTV; Foster et al. 1980; Philpott 1993). Although bovine
leukaemia virus (BLV) is rarely found in semen (Lucas et al.
1980), it is probably transmissible by artificial insemination
(Kirkwood and Colenbrander 2001); seronegative sires are
therefore in demand (Philpott 1993). Certainly, caprine
arthritis–encephalitis virus (CAEV) has been detected in the
semen of bucks (Travasos et al. 1999), and Brucella abortus
(Robison et al. 1998), Brucella melitensis (Amin et al. 2001),
Coxiella burnetii (Kruszewska and Tylewska-Wierzbanowska
1993) and Chlamydiophila psittaci (Lozano 1986) have also
been shown to be transmissible by semen. Recently,
Mycoplasma agalactiae has been detected in semen of goat
bucks (de la Fe et al. 2009). Therefore, specific serological
testing for this pathogen is also required before sperm
collection. Although the transmission of Borrelia burgdorferi
occurs primarily via the bite of infected ticks of the Ixodes
ricinus complex, several studies report it might also be
sexually transmitted (Burgess et al. 1993; Bach 2001;
Harvey and Salvato 2003). Indeed, the existence of B.
burgdorferi in semen has been confirmed (Bach 2001).

The sanitary control of sperm donors (OIE 2009) should be
made routine in order to avoid the use of contaminated
sperm in assisted reproduction. Moreover, there is an
additional risk of cross-contamination during semen process-
ing prior to freezing when the straws are sealed with
polyvinyl alcohol powder (Clarke 1999) and during liquid
nitrogen storage (Tedder et al. 1995; Clarke 1999). Apart
from causing disease, many pathogens affect sperm func-
tionality, reducing the quality of collected sperm (Revell et
al. 1988). Pathogens may affect reproductive function
indirectly by causing hyperthermia, which influences sper-
matogenesis, or directly by causing micro-vascular lesions in
the reproductive tract (Osburn 1994), by damaging the
epithelium of the seminiferous tubules and excurrent ducts
(Hrudka 1984) or inducing necrosis in the epididymes
(Kruszewska et al. 1996). Sperm contamination by micro-

organisms may also negatively affect the response of sperm
to freezing–thawing (Santiago-Moreno et al. 2009), compro-
mising the viability of sperm stored in germplasm banks.

The Iberian ibex (Capra pyrenaica) is a wild caprine
found only in the mountains of Spain and Portugal. Several
ibex populations, mainly from southern Spain, have
suffered at the hands of sarcoptic mange; in certain cases,
the mortality rate has been over 95% (Fandos 1991). This
disease continues to affect most populations of ibexes in
southern Spain, although now with less virulence. Given
the marked vulnerability of many populations due to
sarcoptic mange and the loss of heterozygosity derived
from habitat fragmentation, the Andalusian Regional
Government together with the Spanish Ministry for Science
and Innovation have recently supported the establishment
of a germplasm bank for different populations of the
species. This would help guarantee their preservation in
the face of possible natural disasters or outbreaks of further
disease. The long-term cryopreservation of ibex spermato-
zoa requires special attention be paid to avoiding the risks
associated with infectious diseases that can be transmitted
via sperm. The aim of the present study was to assess the
seroprevalence of pathogens at least theoretically transmis-
sible via sperm in a population of Iberian ibex and to
determine their impact (samples discarded due to potential
presence of infectious diseases) on the establishment of a
genome resource bank. Due to the fact that there is no
health code for the official sanitary control of wild animal
semen collection, some of the indications of the Terrestrial
Animal Code of the World Organisation for Animal Health
(OIE) for collection and processing of bovine and small
ruminant semen (chapter 4.5) have been followed (OIE
2009). Therefore, the pathogens sought were classified into
two groups: (1) those listed by the Terrestrial Animal
Health Code of the OIE for collection and processing of
bovine and small ruminant semen (IBR/BHV-1, pestivirus,
BTV, CAEV, Brucella and M. agalactiae) and (2) those not
listed but still posing a possible risk of semen transmission
as reported in the literature (BLV, Chlamydiophila abortus,
C. burnetii and B. burgdorferi). The influence of these
pathogens on sperm quality was also analysed.

Materials and methods

Semen samples were obtained from 52 mature (8–14 years
of age) Iberian ibex males legally hunted in the Tejeda and
Almijara Game Reserve in southern Spain (36° N latitude;
UTM coordinates 30S 400,785–420,937 4,084,512–
4,066,334) during the rutting season (December). All
animals showed a good body condition and had no
symptoms of disease by external examination. The testes,
with their scrotal sac, were transported to the laboratory
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immediately after removal. To reduce the death-to-
spermatozoa-collection time, a small laboratory was set
up in the mountains of the game reserve. The collected
testes were kept at ambient temperature (about 11°C)
during transport and laboratory processing. All epididy-
mal spermatozoa reached the laboratory within 9 h of
death. The testes and epididymes were removed from the
scrotal sac and the caudae epididymides isolated from the
testes and surrounding connective tissue. The sperm mass
of the epididymides was collected by a method previ-
ously described for this species (Santiago-Moreno et al.
2007). It was then diluted in 1 ml of a medium (warmed to
room temperature in a sterile plastic petri dish [Sterilin®, UK])
composed of 3.8% Tris (w v−1), 2.2% citric acid (w v−1),
0.6% glucose (w v−1) and 6% egg yolk (v v−1) (all
compounds were purchased from Panreac Química S.A.
[Barcelona, Spain] and Sigma Chemical Co. [St. Louis, MO,
USA]). This solution was adjusted to pH 7.0 with NaOH at
room temperature; its osmolality was 345 mOsm/kg.

Sperm motility, morphological abnormalities, acrosome
integrity and plasma membrane integrity were assessed for
each sample. The percentage of motile spermatozoa and the
quality of sperm motility were evaluated subjectively using a
phase-contrast microscope (Zeiss, Germany) at ×400 in
samples previously incubated for 20 min at 37°C. The vigour
with which the sperm cells moved was scored on a scale from
0 (lowest) to 5 (highest). Sperm viability was assessed by
staining an aliquot of sperm suspension with nigrosin–eosin
(Campbell et al. 1956). Simultaneously, plasma membrane
integrity was assessed using the hypo-osmotic swelling test

(Jeyendran et al. 1984). Morphological abnormalities were
assessed by phase-contrast microscopic examination of
glutaraldehyde-fixed samples (counting 200 cells). Sperma-
tozoa with cytoplasmic droplets were considered morpho-
logically normal since these are commonly seen in
epididymal sperm cells. The percentage of spermatozoa with
intact acrosomes was assessed by observing 200 spermato-
zoa in samples fixed in buffered 2% glutaraldehyde solution
at 37°C, using phase-contrast microscopy (magnification
×1,000). Individual spermatozoa that showed a smooth,
crescent-shaped apical ridge were classified as having an
intact acrosome. Spermatozoa classified as not showing
acrosome integrity were those with an irregularly shaped
apical ridge, no apical ridge or a loose, vesiculated
acrosomal cap (Pursel and Johnson 1974).

Blood samples of about 5 ml were obtained postmortem
via intracardiac puncture and placed in sterile tubes without
anticoagulant. These samples were then centrifuged at 400×g
for 15 min and the serum obtained frozen at −15°C until
required for serological analysis. All serum samples underwent
serological analysis for the specific detection of antibodies
against pathogens transmissible by sperm, including BHV-1,
BTV, BLV, CAEV, pestivirus (bovine viral diarrhoea virus and
border disease virus), Brucella, C. burnetii, C. abortus, M.
agalactiae and B. burgdorferi. The serological techniques
used are listed in Table 1.

The values of the sperm variables showed a skewed
distribution (Shapiro–Wilks W test: P<0.001; Lilliefors test
for normality, P<0.01) and were, therefore, subjected to
arcsine transformation before statistical analysis. The impact

Table 1 Seroprevalence of different diseases potentially transmissible by sperm in the studied Iberian ibex specimens (n=52)

Pathogens Diagnostic test used Seroprevalence level

Pestivirus (BVDV and BDV)a Commercial ELISA (Institut Pourquier, France)c 3.8% (2/52)

BTVa Commercial competitive ELISA (ID VET, France)d 5.7% (3/52)

CAEVa Commercial ELISA (Idexx, Netherlands) 0% (0/52)

Brucellaa Complement fixation test (as prescribed by OIE)e 0% (0/52)

IBR/BHV-1a Commercial ELISA (Idexx, The Netherlands) 0% (0/52)

M. agalactiaea Commercial ELISA (Institut Pourquier, France)f 0% (0/52)

C. burnetiib Commercial indirect immunofluorescence test (Biomerieux, France) 13.4% (7/52)

C. abortusb Commercial ELISA (Idexx, Netherlands) 0% (0/52)

B. burgdorferib Commercial indirect immunofluorescence test (Biomerieux, France) 30.7% (16/52)

BLVb Blocking ELISA (as prescribed by OIE)g 0% (0/52)

a Diseases requiring sanitary control in semen collection and processing included in the Terrestrial Animal Health Code from the OIE (OIE 2009) as applied
to ruminants
b Diseases not included in the Terrestrial Animal Health Code but still posing a possible risk of transmission via semen
c The ELISA detects specific antibodies against the conserved P80 protein of bovine viral diarrhoea virus (BVDV) and border disease virus (BDV)
d The ELISA detects specific antibodies against the VP-7 protein of blue tongue virus (BTV)
e OIE Terrestrial Manual 2008 (chapter 2.7.2)
f The ELISA detects specific antibodies against P48 major surface lipoprotein of M. agalactiae
g OIE Terrestrial Manual 2008 (chapter 2.4.11).
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of the presence of microorganisms on sperm variables was
analysed by one-way ANOVA. All calculations were
performed using the STATISTICA v.5.0 software package
(StatSoft 1995).

Results

Table 1 shows the prevalence of the infectious diseases
examined. No serum sample returned positive results for
IBR/BHV-1, BLV, CAEV, Brucella, C. abortus or M.
agalactiae. Thirty-two of the 52 ibexes were negative for
all the diseases studied. Twenty males were seropositive for
at least one disease; eight of these were simultaneously
positive for two diseases. The highest seroprevalence (16/52,
30.7%) was recorded for B. burgdorferi, followed by C.
burnetii (7/52, 13.4%).

One ibex (1/52; 1.9%) showed unilateral cryptorchidism;
spermatozoa were therefore collected from descended testicle
only. The sperm variable values of this animal were normal. A
total of 734 sperm doses containing approximately 200×106

spermatozoa each were frozen in straws. A total of 45 frozen
straws (45/734, 6.1%) belonged to animals seropositive for
an OIE-listed pathogen (pestivirus and BTV); a further 271
(271/734, 36.9%) belonged to animals seropositive for a
non-OIE-listed disease (C. burnetii and B. burgdorferi).

The values of sperm variables were not affected by
seropositivity for any of the pathogens transmissible by
sperm (Table 2).

Discussion

Attempts to assess the disease risks posed to wild species
by germplasm banks and to investigate the transmission of

disease via germplasm in wild animals have been scarce
(Robison et al. 1998; Kirkwood and Colenbrander 2001). In
the present work, the seroprevalence of pathogens at least
theoretically transmissible via sperm in a population of
Iberian ibex has been evaluated. It is important to keep in
mind that the sperm was directly collected from the
epididymis, and thus pathogens transmitted in the seminal
fluid fraction of semen are unlikely to be transmitted
through this sperm bank. Moreover, we have made a
serological study, but the presence of these pathogens in the
sperm samples was not tested, which should be taken into
account in data interpretation.

About 6% of the frozen straws would have required
elimination, according the conditions of the Terrestrial
Animal Code of the OIE for collection and processing of
bovine and small ruminant semen (OIE 2009), since they
came from animals seropositive for pestivirus and BTV
(OIE-listed pathogens). The removal of these sperm doses
would reduce the dissemination of these diseases when the
sperm was used in artificial insemination and the possible
contamination of other samples by contact during storage
(Tedder et al. 1995; Russell et al. 1997).

Bovine viral diarrhoea virus (BVDV) can be isolated
from bull semen (Paton et al. 1989). The infection of
heifers has been reported after insemination using semen
taken from acutely infected bulls (Meyling and Jensen
1988). Serological surveys performed in different countries
indicate the prevalence of antibodies to BVDV or border
disease virus in domestic goats in the range of 3–16%
(Smith and Sherman 2009). This is similar to the 3.8%
observed in the ibex of the present study. Pestiviruses can
be the cause of miscarriages or the birth of shaker kids in
domestic goats and might cause the same in wild ibexes.
The sperm variables were not affected in the seropositive
animals, unlike reports documenting poor semen quality in
infected bulls (Revell et al. 1988; Paton et al. 1989).

The seroprevalence of BTV (5.8%) was lower than that
observed in another ibex population from southern Spain
(10.8%; Garcia et al. 2009). These differences could be due
to variations in the distribution of Culicoides vectors from
one area to another (Mellor and Wittmann 2002; Calvete et
al. 2006). The influence of the sex and age of sampled
animals should not be disregarded; in contrast with these
earlier studies (Garcia et al. 2009), all the present were
males of fully adult age (8–14 years). The dissemination of
competent Culicoides vectors is the first step in the
dissemination of BTV. Although it is now understood that
the trading of infected livestock plays a comparatively
minor role in the dissemination of the disease (MacLachlan
and Osburn 2006), BTV continues to have a significant
impact on international trade in live animals, semen and
embryos (OIE 2009). In rams and bulls, BTV infection is
known to induce infertility, and the virus can be found in

Table 2 Sperm quality parameters in seronegative (controls) and
seropositive ibexes

Control Pestivirus BTV C.
burnetii

B.
burgdorferi

SEM

%MOT 78.8 85.2 87.3 81.0 86.6 1.6

SCORE 3.6 3.5 3.8 3.7 3.9 0.1

%NAR 89.2 87.6 91.3 90.5 91.4 0.7

%HOST 81.4 80.6 85.1 83.3 83.1 1.0

%VIAB 86.8 93.3 84.3 85.6 83.8 1.1

%MORPH 6.3 3.8 4.5 6.2 4.8 0.5

%MOT percentage of motile spermatozoa, SCORE quality of sperm
movement, %NAR percentage of spermatozoa with acrosome integrity,
%HOST percentage of spermatozoa positive in the endosmosis test
(membrane integrity), %VIAB percentage of viable spermatozoa
according to vital staining (eosin–nigrosin), %MORPH percentage of
spermatozoa with morphological abnormalities, SEM standard error of
the mean
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domestic goat semen (Smith and Sherman 2009). In bulls, a
positive relationship has been found between the infectivity
of semen samples from animals latently infected with BTV
and abnormalities in the heads of spermatozoa affected by
virus-like particles. In rams, BTV infection has a significant
impact on a number of sperm variables such as sperm
concentration, motility, viability and sperm abnormalities
(Kirschvink et al. 2009), which could seriously affect
fertility. The present results, however, suggest that seropos-
itivity to BTV has no effect on ibex sperm abnormalities or
on other sperm variables. Interspecific differences in
pathogenesis might explain these observations. Cattle and
sheep are the main species affected, and signs of the disease
in goats are less severe (usually subclinical; Komarov and
Goldsmit 1951). The time passed since infection might also
have an influence on the values of sperm variables; the
quality of the semen of affected rams reaches normal
reference values around 85 days after the onset of clinical
disease (Kirschvink et al. 2009).

Since the accidental introduction of infectious diseases
from one ecosystem to another poses a threat to the
viability of wild animal populations (Kirkwood and
Colenbrander 2001), monitoring for infectious diseases
transmissible via the spermatozoa should be undertaken,
even if these are not OIE-listed (OIE 2009). These
non-OIE-listed diseases may have consequences other than
introduction into a different geographic area, such as
decreased reproductive success in the case of C. burnetii
and C. abortus and musculoskeletal affections caused by B.
burgdorferi.

The present data show that about 37% of the frozen
straws came from ibexes seropositive for C. burnetii and B.
burgdorferi. Certainly, this is a very high rate, and the
impact on the establishment of a genetic resource bank
would be very significant if these doses were not used.
Although Lyme disease is usually considered an exclusive-
ly tick-borne illness, the possibility of venereal transmission
in humans (Harvey and Salvato 2003) and animals (Burgess
et al. 1993; Leibstein et al. 1998; Gustafson 1993;
Gustafson et al. 1993) has been suggested. Indeed, B.
burgdorferi has been isolated from testes of experimentally
infected hamsters (Johnson et al. 1984) and from semen
samples of men diagnosed with Lyme disease (Bach 2001).
The fact that the sperm variables were not affected in
seropositive animals agrees with previous reports in other
species (e.g. dogs), suggesting that B. burgdorferi and/or its
metabolites do not significantly harm the functional and
morphological characteristics of spermatozoa (Kumi-Diaka
and Harris 1994). Although there are no data regarding the
presence of C. burnetii in sperm of domestic goats, it has
been isolated from bull sperm and cultured from the testes,
epididymes, prostate and semen of male mice (Kruszewska
and Tylewska-Wierzbanowska 1993). Moreover, sexual

transmission via semen of C. burnetii has been shown in
animals (Kruszewska and Tylewska-Wierzbanowska 1993)
and even among humans (Kruszewska et al. 1996). The
frozen straws coming from ibexes seropositive for C. burnetii
and B. burgdorferi should not be eliminated a priori. Rather,
a careful use of them should be suggested. Microbiological
analysis or PCR analysis of sperm samples should be
undertaken to determine whether these pathogens are in fact
present or not in the sperm. Regarding this, it is important to
consider that it has been demonstrated that B. burgdorferi is
able to survive freezing–thawing in experimentally infected
and stored semen (Kumi-diaka and Harris 1995).

In conclusion, this is the first report regarding the impact
of pathogens potentially transmissible by semen on the
establishment of genome resource banks for a mountain
ungulate. The relatively high rates of seropositivity for
some of the tested pathogens emphasise the importance of
testing of donor animals in order to avoid the use of
contaminated sperm in assisted reproduction.

Acknowledgements This work was funded by FEDER-INIA (grant
FAU 2006-00001). The authors would like to thank the Sedella
District Council (Málaga) for its help in setting up the local laboratory,
the gamekeepers of the Tejeda and Almijara Game Reserve for help in
obtaining samples and the Regional Environmental Council of Málaga
(Consejería de Medio Ambiente, Junta de Andalucía) for its unfailing
help in the execution of all projects proposed.

References

Afshar A, Eaglesome MD (1990) Viruses associated with bovine
serum. Vet Bull 60:93–109

Amin AS, Hamdy MER, Ibrahim AK (2001) Detection of Brucella
melitensis in semen using the polymerase chain reaction assay.
Vet Microbiol 83:37–44

Bach G (2001) Recovery of Lyme spirochetes by PCR in semen
samples previously diagnosed Lyme disease patients. 14th
International Scientific Conference on Lyme Disease, April
2001. Hartford, CT.

Burgess EC, Wachal MD, Cleven TD (1993) Borrelia burgdorferi
infection in dairy cows, rodents, and birds from four Wisconsin
dairy farms. Vet Microbiol 35:61–77

Calvete C, Miranda MA, Estrada R, Borras D, Sarto i Monteys V,
Collantes F, García de Francisco JM, Moreno N, Lucientes J
(2006) Spatial distribution of Culicoides imicola, the main vector
of bluetongue virus, in Spain. Vet Rec 158:130–131

Campbell RC, Dott HM, Glover TD (1956) Nigrosin eosin as a stain
for differentiating live and dead spermatozoa. J Agric Sci 48:1–8

Clarke GN (1999) Sperm cryopreservation: is there a significant risk
of cross-contamination? Hum Reprod 14:2941–2943

de la Fe C, Amores J, Gómez Martín A, Sánchez A, Contreras A,
Corrales JC (2009) Mycoplasma agalactiae detected in the semen
of goat bucks. Theriogenology 72:1278–1281

Fandos P (1991) Evolución de la población de cabra montés en el
Parque Natural de Cazorla, Segura y las Villas. In: ICONA-
CSIC (eds) La cabra montés en el Parque Natural de las
Sierras de Cazorla, Segura y las Villas. Madrid, Spain, pp
123–133

Eur J Wildl Res (2011) 57:211–216 215



Foster NM, Alders MA, Luedke AJ, Walton TE (1980) Abnormalities
and virus-like particles in spermatozoa from bulls latency
infected by bluetongue virus. Am J Vet Res 41:1045–1048

Garcia I, Napp S, Casal J, Perea A, Allepuz A, Alba A, Carbonero A,
Arenas A (2009) Bluetongue epidemiology in wild ruminants
from Southern Spain. Eur J Wildl Res 55:173–178

Gustafson JM (1993) The in utero and seminal transmission of
Borrelia burgdorferi in Canidae. PhD Thesis, University of
Wisconsin, Madison, USA.

Gustafson JM, Burgess EC, Wachal MD, Steinberg H (1993)
Intrauterine transmission of Borrelia burgdorferi in dogs. Am J
Vet Res 54:882–890

Harvey WT, Salvato P (2003) Lyme disease: ancient engine of an
unrecognized borreliosis pandemic? Med Hypotheses 60:742–759

Holt WV (1994) Reproductive technologies. In: Olney PJS, Mace GM,
Feistner ATC (eds) Creative conservation: interactive management of
wild and captive animals. Chapman and Hall, London, pp 144–166

Hrudka F (1984) Microscopical evidence ofMycoplasma-like organisms
in Mycoplasma positive bovine semen. Andrologia 16:203–212

Jeyendran R, Van Der Ven H, Perez-Pelaez M, Crabo B, Zaneveld L
(1984) Development of an assay to assess the functional integrity
of the human sperm membrane and its relation to other semen
characteristics. J Reprod Fertil 70:219–228

Johnson RC, Marek N, Kodner C (1984) Infection of Syrian hamsters
with Lyme diseases spirochetes. J Clin Microbiol 20:1099–1101

Kirkwood JK, Colenbrander B (2001) Disease control measures for
genetic resource banking. In: Watson PF, Holt WV (eds)
Cryobanking the genetic resource: wildlife conservation for the
future? Taylor and Francis, London, pp 69–84

Kirschvink N, Raes M, Saegerman C (2009) Impact of a natural
bluetongue serotype 8 infection on semen quality of Belgian
rams in 2007. Vet J 182:244–251

Komarov A, Goldsmit L (1951) A disease similar to bluetongue in
cattle and sheep in Israel. Refuah Vet 8:96–100

Kruszewska D, Tylewska-Wierzbanowska SK (1993) Coxiella burnetii
penetration into the reproductive system of male mice, promoting
sexual transmission of infection. Infect Immun 61:4188–4195

Kruszewska D, Lembowicz K, Tylewska-Wierzbanowska S (1996)
Possible sexual transmission of Q fever among humans. Clin
Infect Dis 22:1087–1088

Kumi-Diaka J, Harris O (1994) Effects ofBorrelia burgdorferi organisms
on the functional characteristics and membrane integrity of the
canine spermatozoa. Vet Hum Toxicol 36:281–285

Kumi-Diaka J, Harris O (1995) Viability of Borrelia burgdorferi in
stored semen. Br Vet J 151:221–224

Leibstein MM, Khan MI, Bushmich SL (1998) Evidence for in utero
transmission of Borrelia burgdorferi from naturally infected
cows. J Spirochetal Tick-Borne Dis 5:54–62

Lozano EA (1986) Etiologic significance of bacterial isolates from rams
with palpable epididymitis. Am J Vet Res 47:1153–1156

Lucas MH, Dawson M, Chasey D, Wibberley G, Roberts DH (1980)
Enzootic bovine leukosis virus in semen. Vet Rec 106:128

MacLachlan NJ, Osburn BI (2006) Impact of bluetongue virus
infection on the international movement and trade of ruminants.
J Am Vet Med Assoc 228:1346–1349

Mellor P, Wittmann EJ (2002) Bluetongue virus in the Mediterranean
basin, 1998–2001. Vet J 164:20–37

Meyling A, Jensen AM (1988) Transmission of bovine virus diarrhoea
virus (BVDV) by artificial insemination (AI) with semen from a
persistently-infected bull. Vet Microbiol 17:97–105

OIE, World Organisation for Animal Health (2008) Manual of
diagnostic tests and vaccines for terrestrial animals, 6th edn. OIE,
Paris, France

OIE, World Organisation for Animal Health (2009) Terrestrial Animal
Health Code 2009. Chapter 4.5. Collection and processing of
bovine, small ruminant and porcine semen. http://www.oie.int/
eng/normes/mcode/en_chapitre_1.8.3.htm

Osburn BI (1994) The impact of bluetongue virus on reproduction.
Comp Immunol Microbiol Infect Dis 17:189–196

Paton DJ, Goodey R, Brockman S, Wood L (1989) Evaluation of the
quality and virological status of semen from bulls acutely
infected with BVDV. Vet Rec 124:63–64

Philpott M (1993) The dangers of disease transmission by artificial
insemination and embryo transfer. Br Vet J 149:339–369

Pursel V, Johnson L (1974) Glutaraldehyde fixation of boar
spermatozoa for acrosome evaluation. Theriogenology 1:63–
68

Revell SG, Chasey D, Drew TW, Edwards S (1988) Some
observations on the semen of bulls persistently infected with
bovine diarrhoea virus. Vet Rec 123:122–125

Robison CD, Davis DS, Templeton JW, Westhusin M, Foxworth
WB, Gilsdorf MJ, Adams LG (1998) Conservation of
germplasm from bison infected with Brucella abortus. J Wildl
Dis 34:582–589

Russell PH, Lyaruu VH, Millar JD, Curry MR, Watson PF (1997) The
potential transmission of infectious agents by semen packaging
during storage for artificial insemination. Anim Reprod Sci
47:337–342

Santiago-Moreno J, Toledano-Díaz A, Dorado J, Pulido-Pastor A,
Coloma MA, López-Sebastián A (2007) Recovery and cryopres-
ervation of Spanish Ibex epididymal spermatozoa. Arch Androl
53:309–316

Santiago-Moreno J, Astorga RJ, Luque I, Coloma MA, Toledano-Díaz
A, Pulido-Pastor A, Gómez-Guillamon F, Salas-Vega R, López-
Sebastián A (2009) Influence of recovery method and microbial
contamination on the response to freezing–thawing in ibex
(Capra pyrenaica) epididymal spermatozoa. Cryobiology
59:357–362

Smith MC, Sherman DM (2009) Goat medicine, 2nd edn. Wiley-
Blackwell, Iowa

StatSoft (1995) STATISTICA® for Windows. version 5.0 [computer
program]. Tulsa, OK: StatSoft Inc

Tedder RS, Zuckerman MA, Goldstone AH, Hawkins AE, Fielding
A, Briggs EM, Irwin D, Blair S, Gorman AM, Patterson KG,
Linch DC, Heptonstall J, Brink NS (1995) Hepatitis B
transmission from contaminated cryopreservation tank. Lancet
346:137–140

Travasos CE, Benoit C, Valas S, da Silva AG, Perrin G (1999)
Caprine arthritis–encephalitis virus en semen of naturally
infected bucks. Small Rumin Res 32:101–106

216 Eur J Wildl Res (2011) 57:211–216

http://www.oie.int/eng/normes/mcode/en_chapitre_1.8.3.htm
http://www.oie.int/eng/normes/mcode/en_chapitre_1.8.3.htm

	Potential...
	Abstract
	Introduction
	Materials and methods
	Results
	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


