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Motility is one of the most important characteristics associated with the
fertilising ability of spermatozoa indicating their viability and structural integrity.
Therefore, the examination of motility constitutes an integral part of semen analy-
sis. Computer-assisted semen analysis (CASA) allows an accurate and objective
assessment of different sperm motion characteristics with high repeatability. The
aim of this study was to evaluate the different kinematic (velocity) parameters of
frozen/thawed bull semen and determine if any of them could be correlated with
their fertilising capability after insemination based on the achieved pregnancy
rate. Ejaculates from 10 bulls were collected and frozen. The kinematic/velocity
parameters of spermatozoa were measured by CASA and compared to the preg-
nancy results of almost 9,000 females artificially inseminated (Al) with frozen
semen of any of the 10 tested bulls. The data of the experiments are summarised
mainly with a focus on the effects of individual velocities (curvilinear velocity:
VCL, straight-line velocity: VSL, average path velocity: VAP) on fertility rather
than on the influence of progressive motility as a whole. We conclude that VAP is
the most useful semen motility characteristic which has clinical relevance in the
prediction of fertility.

Key words: Semen evaluation, CASA, fertility prediction, velocity char-
acteristics, semen motility

Male fertility is an important factor in bovine reproduction, considering
that the semen of any particular bull will be used for the insemination of several
females. Fertility evaluation of males is primarily based on quality assessment of
semen using conventional parameters such as morphology, concentration and
motility of spermatozoa. The correlation between semen quality and fertility has
been well documented (Bratton et al., 1956; Davis et al., 1987; Gerris and Khan,
1987; Amann, 1989; Marshburn et al., 1992; Amann and Hammerstedt, 1993;
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Gunzel-Apel et al., 1993; Irvine et al., 1994; Koops et al., 1995; Christensen et
al., 1999; Kathiravan et al., 2008; Freour et al., 2012). Sperm motility is un-
doubtedly essential for fertilisation both in vivo and in vitro. Motility is indispen-
sable for successful sperm transport, a step that can partly be bypassed by in vi-
tro fertilisation. Thus, examination and determination of sperm motility is a sig-
nificant part of semen quality evaluation since it is commonly regarded as one of
the most important characteristics associated with the fertilising ability of sper-
matozoa.

Until recently, the assessment of sperm motility was based solely on sub-
jective microscopic evaluation of the total proportion of motile spermatozoa with
results varying between 30% and 80% (Barros et al., 1973; Budworth et al.,
1988; Amann, 1989; Chan et al., 1989; Auger et al., 1993; Broekhuijse et al.,
2012). Due to the large variations observed, comparability of the results obtained
by different laboratories is questionable (Dott and Foster, 1979). Recently, in-
creasing attention has been paid to the objective evaluation and characterisation
of sperm movement rather than simply determining the total proportion of motile
spermatozoa. The aim of computer-assisted semen analysis (CASA) is to provide
objective values for sperm motility more rapidly and accurately than by tradi-
tional methods (visual observation). Computer-assisted semen analyzers provide
precise information on different sperm motion/velocity characteristics (Amann
and Waberski, 2014). The use of CASA allowed the identification of different
age-related decreases in velocity parameters of young men with proven fertility
(Freour et al., 2012).

CASA was first proposed 35 years ago by Dott and Foster and nowadays
is used routinely in most human andrology centres (Dott and Foster, 1979).
However, the increasing number of recent publications concerning CASA in vet-
erinary medicine and research demonstrates the need for objective methods to as-
sess animal semen quality, including motility (Verstegen et al., 2002). Al centres
started to adopt CASA technology in order to increase the accuracy of their qual-
ity evaluation process connected with motility analyses.

Several CASA systems are marketed for veterinary use, but these differ
greatly according to individual manufacturers based on optic, software and algo-
rithms used for identification, classification and trajectory reconstruction of dif-
ferent sperm motion characteristics, making it very difficult to compare the re-
sults between laboratories (Marshburn et al., 1992; Krause, 1995; Coetzee et al.,
1999). Both the vendor and the user of any CASA system would have to provide
adequate data about reliability and validation, therefore the World Health Or-
ganization suggests specific guidelines for use of CASA instruments in order to
obtain reliable and repeatable results (World Health Organization, 2010). Unfor-
tunately, similar guidelines do not exist in veterinary clinical and research prac-
tice, therefore every institution uses either the WHO guidelines or their own set-
tings based on previous experience.
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The main objective of our experiment was to summarise the results of the
effects of individual velocities (curvilinear velocity: VCL, straight-line velocity:
VSL, average path velocity: VAP) on fertility as this is defined by the NRR30
(non-return rate on day 30) and PR75 (pregnancy rate on day 75) to reflect the
motion parameters of each spermatozoon travelling through a microscopic field,
rather than just progressive motility as a whole. We compared the strength of the
relationships between different velocity parameters and sperm fertility.

Materials and methods

Bull semen samples

Frozen semen samples of Holstein-Friesian breeding bulls (3—4 years old;
n = 10) were produced in 0.25-pl straws in an artificial insemination centre
(Godolls, Hungary). Each straw contained approximately 25 million spermato-
zoa. The semen samples were frozen with the same routine cryopreservation
technology using the same extender. Cows (about 9000) were inseminated with
semen originating from the same batch of tested samples in 143 different dairy
farms. Artificial inseminations (Al) were carried out by well-trained local techni-
cians of the farms.

The fertility data in the form of non-return rate in 30 days (NRR30) as de-
fined by regular heat observations (three times a day) and pregnancy rate on day
75 (PR75) as defined by rectal palpation, were obtained after the rest of the batch
was dispensed and used for Al in different farms. The Als were performed in the
spring of 2010.

Semen evaluation

For semen evaluation the MedealLab CASA Version 4.1 (Germany) was
used that is capable of evaluating not only the motility but also the morphology
of spermatozoa. It uses sperm morphology characteristics and flagellum detec-
tion in order to recognise accurately sperm cells and exclude debris (epithelial
cells, extender particles, etc.) that might be present in the fresh or frozen ejacu-
late, making the actual evaluation more accurate and overcoming problems re-
ported elsewhere (Andersson et al., 1992).

The undiluted semen samples were examined immediately after thawing.
MedealLab CASA Version 4.1 is capable of evaluating accurately the motility of
the spermatozoa up to a concentration of 120 x 10°mL. An Olympus BX-41
phase contrast microscope with a high-resolution camera (SPT-M308CE, Sony,
Japan) was used for the evaluation of semen samples with a final magnification
of x 200. We also used a heated stage (37 °C) and every measurement was car-
ried out by the same person. A video recorder was also connected to the micro-
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scope to record the image for future reference. For every sample, a total of 10
fields were examined from two different disposable 20 um depth capillary cham-
bers (CellVision, Germany; loading volume: 7 pl, concentration: 40—50 X 106/mL)
giving an evaluation of approx. 1500 cells per sample. Each field was recorded
for 8 sec (total of 80 sec per sample) and the results consisted of velocity pa-
rameters VAP, VSL and VCL.

All data were stored in the system database and detailed records were kept
together with the videotaped samples for the correlation of semen characteristics
of the samples with the pregnancy results in order to draw conclusions about the
fertility.

During the evaluation, the instrument settings were as follow: tracking
thresholds set to 185, morphology thresholds set to 130, automatic tracking ob-
jects set to 50, search position 1000 radius (pixel) 20, stop width 2, match factor
2, exclude min length (frames) 10. Standard video image acquisition rates were
used which is typically 50 Hz in the PAL system.

Statistical analysis

Chi-square analysis was applied in order to prove significant differences in
the frequency (or nonparametric) characteristics between the groups (NRR30 and
PR75) by the evaluations. Single trait one-way analysis of variance (ANOVA) was
applied for the parametric characteristics (VCL, VSL, VAP) and the least signifi-
cant difference (LSD), F-values and probabilities were calculated (STATISTICA
6.0, StatSoft, Inc. 2003). Linear correlation coefficient was applied in order to
evaluate the relationship between the fertility data as they are expressed by the
non-return rates (NRR30, PR75) for 30 days and 75 days. Regression analysis
was also used to determine the connection between VAP and non-return rates in
order to predict bull fertility based on VAP values.

Results

During the experiment, pregnancy data were obtained from 8909 insemi-
nations on more than 100 farms with a total of 6590 animals being positive for
pregnancy on day 30 and 4525 animals found positive for pregnancy on day 75
(Table 1).

Using the above data and a linear correlation coefficient we evaluated the
relationship between fertility rate on NRR30 and PR75 with a resulting value of r
= 0.975 (P < 0.001). Chi-square analysis for these data revealed a value of
47.763 (P <0.01) for NRR30 and a value of 41.191 (P < 0.01) for PR75.

During semen evaluation an average of 2330 spermatozoa were tracked
per bull. This experiment focused mainly on the actual individual velocities
rather than progressive motility per se. The parameters investigated were VCL,
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VSL and VAP, all of which are expressed in pm/sec. The average and standard
deviation were calculated for each parameter; the data obtained are presented in

Table 2.
Table 1

Weighted means of different non-return rates by bull

Bull “ NRR30 PR75

D No. + %" +SD No. + %" +SD
1 719 560 79.6 11.17 412 61.2 14.64
2 969 607 65.6 13.04 330 37.8 10.38
3 970 716 75.3 10.23 509 55.7 12.05
4 873 633 74.3 11.96 422 52.2 13.70
5 863 639 75.9 11.76 431 52.7 12.78
6 898 682 77.8 12.43 484 57.2 13.68
7 919 696 78.1 13.03 499 58.3 15.53
8 950 722 78.1 11.89 508 58.1 15.74
9 906 695 77.8 9.55 494 58 12.53
10 842 640 779 10.38 436 54.6 11.96

Total 8909 6590 76.04 4525 54.58

N+ represents the number of animals inseminated. “Weighted values. NRR30: non-return rate at
day 30, PR75: pregnancy rate at day 75

Table 2

Motility-specific bull semen velocity values

Bull VCL, um/sec VSL, um/sec VAP, um/sec
D AVG +SD AVG +SD AVG +SD
1 68.11 57.92 31.17 34.60 34.51 32.50
2 25.51 33.04 11.35 19.45 12.67 19.06
3 71.66 53.05 35.11 34.76 38.20 32.04
4 32.21 37.05 15.79 25.26 18.06 24.27
5 55.62 37.16 26.91 25.98 30.09 23.86
6 56.51 36.50 29.31 28.69 33.59 26.18
7 61.36 40.03 27.78 28.14 32.51 26.54
8 59.07 39.95 28.31 28.90 32.44 26.55
9 40.53 34.10 18.25 21.97 21.94 21.31
10 79.54 58.03 36.36 35.71 41.75 34.45
F—=294.3090 F—=148.3031 F-=204.0393
P <0.001 P <0.001 P <0.001
LSD1% =3.41 LSD1% =2.27 LSD1% =2.13
LSD5% =2.60 LSD5% =1.73 LSD5% =1.62

VCL: curvilinear velocity; VSL: straight-line velocity; VAP: average path velocity; AVG: average;
+ SD: standard deviation; LSD: Fisher’s Least Significant Difference
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Table 3
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Individual velocity correlations with non-return rates

NRR30 PR75
VCL 0.6671 0.6300
P=0.035 P=0.051
VSL 0.6669 0.6390
P=0.035 P=0.047
VAP 0.7029 0.6652
P=0.023 P=0.036

375

Sample size: NRR30: 6590; PR75: 4525. NRR30:
non-return rate at day 30, PR75: pregnancy rate at
day 75

From the statistical analysis a close correlation with high significance was
found for each of the velocities (VCL, VSL, VAP) which is evident for both
pregnancy rates (NRR30 and PR75) (Table 3). Using the above velocities and
NRR30 as well as PR75 data, we plotted the data on two different graphs (Figs 1
and 2).

VAP/NRR30 o

I VAP (micrometre/sec)
—+— NRR 30%

Micrometre/sec

1 2 3 4 5 6 7 8 9 10
Sample number

Fig. 1. Graph of average path velocity over non-return rate at day 30 for each sample.
NRR30: non-return rate at day 30, VAP: average path velocity

We found that by using the equation NRR30 = 47.9615 + 19.5364 x log,
(X) where X is the average VAP of the sample in question, the fertilising poten-
tial of a frozen bull semen can be predicted as this is expressed by the NRR30
with acceptable accuracy when the dataset is similar to the dataset used for this
study. Alternatively, using the equation PR75 = 11.0784 + 30.2738 x log;o (X)
we can more accurately predict the pregnancy rate (Fig. 3).
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Fig. 2. Graph of average path velocity (VAP) over pregnancy rate at day 75 for each sample. PR75:
pregnancy rate at day 75, VAP: average path velocity
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Fig. 3. Logarithmic plot of average path velocity over non-return rate at day 30 and pregnancy rate
at day 75. NRR30: non-return rate at day 30, PR75: pregnancy rate at day 75, VAP: average path
velocity (designated ‘X’ in the equations)

Discussion

Significant differences were observed in motility parameters between

sperm that resulted in a high fertilisation rate and those that failed to fertilise oo-
cytes in vitro (Bollendorf et al., 1996; Donnelly et al., 1998; Hirano et al., 2001).
When the traditional subjective visual evaluation system was used to assess
sperm motility and the results were compared to fertility, a contradictory rela-
tionship was found between them (Andersson et al., 1992; Marshburn et al.,
1992; Zhang et al., 1998; Januskauskas et al., 1999). Several studies demon-

Acta Veterinaria Hungarica 63, 2015



BULL FERTILITY AND SPERM CELL VELOCITY PARAMETERS 377

strated that the traditional microscopic visual technique for the determination of
motile sperm ratio is inaccurate, imprecise and its repeatability is very low
(Gunzel-Apel et al., 1993; Centola, 1996; Coetzee et al., 1999; Larsen et al.,
2000; Broekhuijse et al., 2011). There is a lack of evidence-based information
about the relationship between motility/velocity characteristics and the fertilising
ability of bull spermatozoa; therefore, it is unknown whether sperm fertility
could really be predicted by these parameters. The lack of a significant relation-
ship between motility and fertility might be attributed to several factors including
variation between individual bulls or the presence of excess/adequate number of
spermatozoa in the insemination dose. Since CASA provides special sperm ve-
locity/motility parameters, it gives more valuable information on the physiologi-
cal status of spermatozoa.

CASA offers potential for a more accurate prediction of fertility compared
to the traditional microscopic semen evaluation technique (den Daas, 1992;
Christensen et al., 1999; Broekhuijse et al., 2012). Several attempts have been
made to correlate different motion characteristics of bull spermatozoa with oo-
cyte penetration rate, in vitro fertility rate and field fertility (den Daas, 1992;
Kathiravan et al., 2008). Budworth et al. (1988) observed a significant correla-
tion between ratio and velocity of motile sperm and fertility. In an early experi-
ment using frozen-thawed bull semen, Amann (1989) observed a correlation be-
tween motility/velocity characteristics (total motility rate, VCL, VSL, LIN and
BCF) and fertility. In contrast to this finding, in their recent publication Amann
and Waberski (2014) suggest that the evaluation of sperm motion cannot accu-
rately predict the fertilising potential of sperm in a given sample when used for
Al They, however, recommend reliance on curvilinear velocity (VCL) and
straight-line velocity STR (VSL/VAP) for each spermatozoon with categorisa-
tion into three groups: (1) immotile, VCL near zero; (2) undesirable, low VCL or
STR; and (3) satisfactory, VCL and STR meet standards. Farrell et al. (1998) re-
ported very high correlation between motility parameters evaluated by CASA on
fresh semen and bull fertility with quite good prognostic value (fertility was de-
fined as 59 days of non-return rate). Oliveira et al. (2013) recently found the
same high correlation between multiple combinations of CASA parameters and
bull fertility.

The situation is quite similar in the field of human reproduction, consider-
ing that Fetterolf and Rogers (1990) observed that motility and velocity data
generated by CASA correlated and predicted very well the outcome of human
sperm penetration assay. Larsen et al. (2000) found that motility data (percentage
of motile spermatozoa, concentration of motile spermatozoa) obtained by CASA
measurements can be used for the prediction of fertility potential in normal men.
Experimental results obtained in pigs indicate that the CASA motility pattern
makes it possible to discriminate between the fertilising capacity of ejaculates
(Broekhuijse et al., 2012). Hirano et al. (2001) found a very close relationship
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between sperm motility characteristics assessed by CASA and in vitro fertilisa-
tion rates in humana. The same was found in animal model experiments
(Verstegen et al., 2002).

In this study not the fresh but rather the frozen-thawed bull semen motility
parameters were evaluated since that was the actual semen used for Al. From the
investigation of weighted values of the non-return rates (Table 1) we found sig-
nificant differences among bulls [NRR30 Chi* = 47.763 (P < 0.001) and PR75
Chi® = 41.191 (P < 0.001)]. The reasons responsible for these differences are as-
sumed to be multifactorial and separate from the semen fertilising ability per se,
which was the investigated parameter in this experiment. The animals were
proven to be pregnant by day 75 post-Al by rectal palpation and only suggestive
of pregnancy by day 30 post-Al as it was evident by heat observation.

Our results are in harmony with those of Farrell et al. (1998) who found
that CASA provides repeatable estimates of many criteria of sperm movement/
velocity parameters which correlates well with the fertility potential of the bull.
When several velocity variables were measured, they collectively correlated with
fertility and high r* values were obtained. However, Farrell et al. (1998) did not
investigate the correlation between individual velocity parameters and fertility.

Using the data of the average velocity values (VCL, VSL, VAP) together
with the NRR30 and PR75 values we found a close correlation with high signifi-
cance between any one of the individual velocities and the non-return rates. Our
results, in accordance with the observations of others, indicate that individual ve-
locities can also be used to predict the fertilising potential of frozen-thawed semen
(Byrd et al., 1990; Chan et al., 1990; Fetterolf and Rogers, 1990; Krause, 1995).

Fig. 4. Example of two tracks with different curvilinear velocity and average path velocity but the
same straight-line velocity. VCL: curvilinear velocity, VSL: straight-line velocity, VAP: average
path velocity

Following verification of the correlation between individual velocities and
non-return rates, we compared one by one the results of VCL, VSL, VAP and
found that VAP showed the highest correlation [r = 0.7029 (P = 0.023) for
NRR30, r = 0.6652 (P = 0.036) for PR75]. This finding suggests that VAP may
be the most useful semen motility characteristic (velocity parameter) which is of
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clinical relevance for predicting fertility, partly in contrast with previous research
in the field that either was inconclusive (Amann, 1989) or was mainly concen-
trated on VCL as a parameter to predict fertility (Burkman, 1984; Hammond et al.,
1986; Brown et al., 1988; Donnelly et al., 1998). As spermatozoa tracks with dif-
ferent characteristics (VCL, VAP) seem to have the same VSL velocity (Fig. 4),
VAP should be preferred to evaluate and predict the fertilising potential of fresh
or frozen-thawed bull semen. The equations presented above could be used in a
clinical setting to predict the fertility potential of a semen sample by substituting
X with the average VAP value of the semen in question.

In conclusion, increasing attention has been paid to the evaluation of dif-
ferent velocity parameters of spermatozoa besides simply determining the total
proportion of motile spermatozoa and researchers started to investigate the rela-
tionship between velocity parameters and the fertilising ability of sperm. The in-
troduction of CASA systems based on video images made it possible to measure
the motility characteristics of individual spermatozoa. CASA allows to evaluate
the fertilising capability of semen based on the velocity characteristics of sper-
matozoa. Based on our results, it can be concluded that VAP values generated by
CASA could be used to predict the fertilising potential of frozen-thawed bull se-
men.

Acknowledgements

This study was supported by a project grant from the Hungarian Scientific Re-
search Fund (OTKA project no. 17581/2010) and the Researcher Faculty Grant of the
Faculty of Veterinary Science, Szent Istvan University (KK-KF-2013).

References

Amann, R. P. (1989): Can the fertility potential of a seminal sample be predicted accurately? J.
Androl. 10, 89-98.

Amann, R. P. and Hammerstedt, R. H. (1993): In vitro evaluation of sperm quality: an opinion. J.
Androl. 14, 397-406.

Amann, R. P. and Waberski, D. (2014): Computer-assisted sperm analysis (CASA): capabilities
and potential developments. Theriogenology 81, 5-17.

Andersson, M., Hellman, T., Holmstrom, B. G. and Jokinen, L. (1992): Computerized and subjec-
tive assessments of post-thaw motility of semen from Finnish Ayrshire Al bulls in relation
to non-return rates. Acta Vet. Scand. 33, 89-93.

Auger, J., Leonce, S., Jouannet, P. and Ronot, X. (1993): Flow cytometric sorting of living, highly
motile human spermatozoa based on evaluation of their mitochondrial activity. J. Histo-
chem. Cytochem. 41, 1247-1251.

Barros, C., Fujimoto, M. and Yanagimachi, R. (1973): Failure of zona penetration of hamster
spermatozoa after prolonged preincubation in a blood serum fraction. J. Reprod. Fertil. 35,
89-95.

Acta Veterinaria Hungarica 63, 2015



380 NAGY et al.

Bollendorf, A., Check, J. H. and Lurie, D. (1996): Evaluation of the effect of the absence of sperm
with rapid and linear progressive motility on subsequent pregnancy rates following intrau-
terine insemination or in vitro fertilization. J. Androl. 17, 550-557.

Bratton, R. W., Foote, R. H., Henderson, C. R., Musgrave, S. D., Dunbar, R. S. Jr., Dunn, H. O.
and Beardsley, J. P. (1956): The relative usefulness of combinations of laboratory tests for
predicting the fertility of bovine semen. J. Dairy Sci. 39, 1542—-1549.

Broekhuijse, M. L., Sostaric, E., Feitsma, H. and Gadella, B. M. (2011): Additional value of com-
puter assisted semen analysis (CASA) compared to conventional motility assessments in
pig artificial insemination. Theriogenology 76, 1473—1486 el.

Broekhuijse, M. L., Sostaric, E., Feitsma, H. and Gadella, B. M. (2012): Application of computer-
assisted semen analysis to explain variations in pig fertility. J. Anim. Sci. 90, 779-789.

Brown, C. A., Boone, W. R. and Shapiro, S. S. (1988): Improved cryopreserved semen fecundabil-
ity in an alternating fresh-frozen artificial insemination program. Fertil. Steril. 50, 825-827.

Budworth, P. R., Amann, R. P. and Chapman, P. L. (1988): Relationships between computerized
measurements of motion of frozen-thawed bull spermatozoa and fertility. J. Androl. 9, 41-54.

Burkman, L. J. (1984): Characterization of hyperactivated motility by human spermatozoa during
capacitation: comparison of fertile and oligozoospermic sperm populations. Arch. Androl.
13, 153-165.

Byrd, W., Bradshaw, K., Carr, B., Edman, C., Odom, J. and Ackerman, G. (1990): A prospective
randomized study of pregnancy rates following intrauterine and intracervical insemination
using frozen donor sperm. Fertil. Steril. 53, 521-527.

Centola, G. M. (1996): Comparison of manual microscopic and computer-assisted methods for
analysis of sperm count and motility. Arch. Androl. 36, 1-7.

Chan, S. Y., Tsoi, W. L., Leung, J., Ng, V., Lo, T. and Wang, C. (1990): The accuracy of sperm
concentration determination by the automated CellSoft semen analyzer before and after
discontinuous Percoll gradient centrifugation. Andrologia 22, 55-61.

Chan, S. Y., Wang, C, Song, B. L., Lo, T., Leung, A., Tsoi, W. L. and Leung, J. (1989): Com-
puter-assisted image analysis of sperm concentration in human semen before and after
swim-up separation: comparison with assessment by haemocytometer. Int. J. Androl. 12,
339-345.

Christensen, P., Brockhoff, P. B. and Lehn-Jensen, H. (1999): The relationship between semen
quality and the nonreturn rate of bulls. Reprod. Dom. Anim. 34, 503-507.

Coetzee, K., Kruger, T. F. and Lombard, C. J. (1999): Repeatability and variance analysis on mul-
tiple computer-assisted (IVOS) sperm morphology readings. Andrologia 31, 163—168.

Davis, A. P., Graham, J. K. and Foote, R. H. (1987): Homospermic versus heterospermic insemina-
tion of zona-free hamster eggs to assess fertility of fluorochrome-labeled acrosome-reacted
bull spermatozoa. Gamete Res. 17, 343-354.

den Daas, N. (1992): Laboratory assessment of semen characteristics. Anim. Reprod. Sci. 28, 87-94.

Donnelly, E. T., Lewis, S. E. M., McNally, J. A. and Thompson, W. (1998): In vitro fertilization
and pregnancy rates: the influence of sperm motility and morphology on IVF outcome.
Fertil. Steril. 70, 305-314.

Dott, H. M. and Foster, G. C. (1979): The estimation of sperm motility in semen, on a membrane
slide, by measuring the area change frequency with an image analysing computer. J. Re-
prod. Fertil. 55, 161-166.

Farrell, P. B., Presicce, G. A., Brockett, C. C. and Foote, R. H. (1998): Quantification of bull sperm
characteristics measured by computer-assisted sperm analysis (CASA) and the relationship
to fertility. Theriogenology 49, 871-879.

Fetterolf, P. M. and Rogers, B. J. (1990): Prediction of human sperm penetrating ability using
computerized motion parameters. Mol. Reprod. Dev. 27, 326-331.

Freour, T., Jean, M., Mirallie, S. and Barriere, P. (2012): Computer-assisted sperm analysis pa-
rameters in young fertile sperm donors and relationship with age. Syst. Biol. Reprod. Med.
58, 102—-106.

Acta Veterinaria Hungarica 63, 2015



BULL FERTILITY AND SPERM CELL VELOCITY PARAMETERS 381

Gerris, J. and Khan, I. (1987): Correlation between in vitro fertilization and human sperm density
and motility. J. Androl. 8, 48-54.

Gunzel-Apel, A. R., Gunther, C., Terhaer, P. and Bader, H. (1993): Computer-assisted analysis of
motility, velocity and linearity of dog spermatozoa. J. Reprod. Fertil. Suppl. 47, 271-278.

Hammond, M. G., Jordan, S. and Sloan, C. S. (1986): Factors affecting pregnancy rates in a donor
insemination program using frozen semen. Am. J. Obstet. Gynecol. 155, 480—485.

Hirano, Y., Shibahara, H., Obara, H., Suzuki, T., Takamizawa, S., Yamaguchi, C., Tsunoda, H. and
Sato, 1. (2001): Relationships between sperm motility characteristics assessed by the com-
puter-aided sperm analysis (CASA) and fertilization rates in vitro. J. Assist. Reprod. Genet.
18, 213-218.

Irvine, D. S., Macleod, 1. C., Templeton, A. A., Masterton, A. and Taylor, A. (1994): A prospective
clinical study of the relationship between the computer-assisted assessment of human se-
men quality and the achievement of pregnancy in vivo. Hum. Reprod. 9, 2324-2334.

Januskauskas, A., Gil, J., Soderquist, L., Haard, M. G., Haard, M. C., Johannisson, A. and Rodri-
guez-Martinez, H. (1999): Effect of cooling rates on post-thaw sperm motility, membrane
integrity, capacitation status and fertility of dairy bull semen used for artificial insemina-
tion in Sweden. Theriogenology 52, 641-658.

Kathiravan, P., Kalatharan, J., Edwin, M. J. and Veerapandian, C. (2008): Computer automated
motion analysis of crossbred bull spermatozoa and its relationship with in vitro fertility in
zona-free hamster oocytes. Anim. Reprod. Sci. 104, 9-17.

Koops, W. J., Grossman, M. and Den Daas, J. H. (1995): A model for reproductive efficiency of
dairy bulls. J. Dairy Sci. 78, 921-928.

Krause, W. (1995): Computer-assisted semen analysis systems: comparison with routine evaluation
and prognostic value in male fertility and assisted reproduction. Hum. Reprod. 10, Suppl.
1, 60-66.

Larsen, L., Scheike, T., Jensen, T. K., Bonde, J. P., Ernst, E., Hjollund, N. H., Zhou, Y., Skakke-
baek, N. E. and Giwercman, A. (2000): Computer-assisted semen analysis parameters as
predictors for fertility of men from the general population. The Danish First Pregnancy
Planner Study Team. Hum. Reprod. 15, 1562-1567.

Marshburn, P. B., Mclntire, D., Carr, B. R. and Byrd, W. (1992): Spermatozoal characteristics
from fresh and frozen donor semen and their correlation with fertility outcome after intrau-
terine insemination. Fertil. Steril. 58, 179-186.

Oliveira, L. Z., de Arruda, R. P., Cesar de Andrade, A. F., Carvalho Celeghini, E. C., Reeb, P. D.,
Nascimento Martins, J. P., dos Santos, R. M., Beletti, M. E., Guimaraes Peres, R. F., Mon-
teiro, F. M. and Martins Hossepian de Lima, V. F. (2013): Assessment of in vitro sperm
characteristics and their importance in the prediction of conception rate in a bovine timed-
Al program. Anim. Reprod. Sci. 137, 145-155.

Verstegen, J., Iguer-Ouada, M. and Onclin, K. (2002): Computer assisted semen analyzers in an-
drology research and veterinary practice. Theriogenology 57, 149-179.

World Health Organization (2010): WHO Laboratory Manual for the Examination and Processing
of Human Semen. Fifth edition. WHO Press, Geneva, Switzerland.

Zhang, B. R., Larsson, B., Lundeheim, N. and Rodriguez-Martinez, H. (1998): Sperm characteris-
tics and zona pellucida binding in relation to field fertility of frozen-thawed semen from
dairy Al bulls. Int. J. Androl. 21, 207-216.

Acta Veterinaria Hungarica 63, 2015




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


